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Pristina, Serbia

IN MEMORIAM

Dr GOJKO PASULJEVIC

(08.05.1931. -

Prof. dr Gojko Pasu-
- ljevic¢ je rodjen 08.05.1931.

. godine u Prizrenu gde je
zavrsio osnovno i srednje
obrazovanje. Studirao je i
' 1957. godine diplomirao bi-
R ologiju na Prirodno-
matematickom fakultetu u
Beogradu.

Radio je kao profesor
biologije u Uciteljskoj 3koli
u Prizrenu, a oktobra 1969,
godine izabran je za asistenta na novootvorenoj Grupi
za biologiju, tada Filozofskog fakulteta. Doktorsku dis-
ertaciju odbranio je 1973. godine na Prirodno-
matemati¢kom fakultetu u Pridtini. Njegova naucna
aktivnost je bila usmerena na istrazivanju herpeto-
faune Kosova i Metohije.

Posebna preokupacija prof. Pasuljevica bila je
usmerena na proucavanju nekih biogeografski veoma

23.12.1997.)

interesantnih elemenata faune Balkanskog poluostrva
iz grupe reptila.

Rezultati prof. Pasuljevéa u toj oblasti su od
znacaja jer je ukazao u kojoj je meri grupno variranje
stvarni izraz divergentne evolucije i kakvu ulogu u
mikroevolucionom procesu imaju prostorni izolacioni
mehanizmi.

Savremena teorijska shvatanja o osnovnim me-
hanizmima mikroevolutivnog procesa-odnosno o fak-
torima endemicne diferencijacije dobila su izvrsnu
potvrdu u originalnim rezultatima o morfoloskom vari-
jabilitetu gustera Ablepharus kitaibelii.

Prof. Pasuljevic je pripadao pionirskoj, prvoj gen-
eraciji osnivaca i utemeljivaca prvih fakulteta, a zatim
i Univerziteta u Pritini. Citav radni vek (36 godina)
proveo je na ovom Univerzitetu i iza sebe ostavio 35
generacija studenata, profesora biologije.

Prof. Pasuljevi¢ ce u naSem secanju ostati kao
vredan, nenametljiv i skroman kolega i profesor.

D. Pejcinovic
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IN MEMORIAM

Prof. dr. Slobodan Glumac
redovni profesor u penziji (1930-1998)

Kako to cdesto biva,
bolest se doSunjala tiho i
neprimetno, kao lahor, a
razbuktala se u oluju koja
neumitno donosi kraj. Tako
je 16. januara 1998. godine
otisao profesor Slobodan
Glumac. Ali smrt nije mogla
da odnese njegovo delo, ni
da ukloni duboke tragove
= koje je ovaj izuzetan covek

S ostavio u onim oblastima
koje su bile njegova ljubav i opredeljenje. Samo oni
koji su imali srecu da ga poznaju znaju sa kojom
lakocom je reSavao i najsloZenije izazove, sa kakvom
lucidno3cu je pronicao u bioloske probleme i ras-
vetljavao ih. Poseban je bio doZivljaj svaki razgovor sa
njim, svaki javni nastup kada je visprenost njegovog
uma vladala situacijom koriste¢i bolje i dublje
razumevanje kao osnovu za izvanredne misaone obrte
koji su razoruZavali i najzeSce sabesednike. Ti trenuci
provedeni uz njega obogatili su Zivote svih onih koji
su mogli da prepoznaju u njemu svetlo izuzetnosti i,
zasto ne redi, genijalnosti.

Slobodan Glumac je roden u Senju 1930. godine.
Osnovnu skolu je zavigio u Novom Sadu, srednju Skolu
u Beogradu, gde je upisao Prirodno-matematicki
fakultet, studije biologije 1950. godine. Diplomirao je,
radeci kao preparator Prirodnjackog muzeja SRS, juna
1954. Po odsluZenju vojnog roka, 1957. godine, jo3
izuzetno mlad, uspesno je odbranio doktorsku diser-
taciju iz oblasti entomologije na Beogradskom Uni-
verziletu.

Uprkos pocetnim tefkocama u burnim poslerat-
nim vremenima, za karijeru profesora Glumea se slo-
bodno moZze reéi da je bila meteorska. Zahvaljujuci
kvalitetima koji nisu mogli proci nezapaZeno, uspeo je
za kratko vreme da prode sve stepenice u Univerzitet-
skoj hijerarhiji. Prvo zaposlenje dobija jo§ kao student
1952. godine kao preparator Prirodnjackog muzeja SRS
u Beogradu, gde je, odmah po diplomiranju postavljen
za kustosa. Po odsluZenju vojnog roka, na poziv prof.
dr Pavla Vukasovica, vraca se u Novi Sad gde je izabran
za asistenta na novoosnovanom Poljoprivrednom
fakultetu, 1958. godine za docenta, a godine 1962. na

istom fakultetu, za vanrednog profesora. Jos kao do-
cent, 1901. godine je od Nastavnog veca i Saveta
tadadnjeg Filozofskog fakulteta, izabran za viSioca
duZnosti i kasnije 3efa Katedre novoosnovane studi-
jske grupe za biologiju. Kao vanredni profesor Poljo-
privrednog fakulteta 1963. godine prelazi na Filozofski
fakultet na predmet Zoologija (Morfologija i sistema-
tika beski¢menjaka). Iste godine je izabran i za direk-
tora novoosnovanog Zavoda za biologiju. Ovu
duznost je viSio preko 9 godina (1963-1971.) do
pocetka izgradnje novog objekta. Dve godine je bio
jedan od prorektora Univerziteta u Novom Sadu. Nje-
govim doprinosom i zaslugom Institut za biologiju
dobija zgradu i opremu kojom se i danas ponose
saradnici Instituta, Za redovnog profesora je izabran
1969. godine. Predavao je studentima tri fakulteta u
Novom Sadu i Prirodno-matematickog fakulteta u
Pristini, u okviru velikog broja predmeta na osnovnim
i magistarskim studijama. Predavanja profesora
Glumca pripadaju grupi onih koja se ne zaboravljaju.
Njegova Sirina i znanje su mu omogucili lakocu izla-
ganja i najtezih sadrzaja iz evolucije, predmeta koji je
za njega predstavljao krunu bioloskih studija. Svojim
predavanjima je znao da podari filozofsku dimenziju
razumevanija sveta i Zivota. Uz to, njegov retoricki dar,
duhovitost i domisljatost davali su nezaboravan Sarm
svakom njegovom izlaganju.

Vodio je studente kroz izrachu 32 diplomska rada,
bio mentor za 11 magistarskih radova i 7 doktorata. To
je radio znalacki, budeci kreativnost i dajuéi punu
slobodu svakom svom saradniku, uz tanano us-
meravanje ka pravim reSenjima kroz ideje koje su
neprekidno isticale iz njega. Zato ti radovi imaju pose-
ban kvalitet, a mnogi ucenici zauvek nose pre-
poznatljivi pecat njegovog uticaja.

Obavljao je niz funkcija na Fakultetu i Uni-
verzitetu. Od prodekana Filozofskog falculteta, dekana
Prirodno-matematickog fakulteta, ¢lana Univerzitet-
skog Saveta, direktora Instituta za biologiju, do pred-
sednika Drustva biologa Vojvodine, potpredsednika
Jugoslovenskog entomoloskog drustva, predsednika
Drustva biosistematic¢ara Vojvodine i predsednika
Unije bioloskih drustava Jugoslavije.

Od 1956. godine, kada se pojavio njegov prvi rad
u Zborniku za prirodne nauke, dr Slobodan Glumac je
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bio saracdnik Matice srpske, ¢lan Odbora odeljenja,
Upravnog odbora Matice srpske, Izvi$nog odbora, a
skoro 11 godina je bio sekretar Odeljenja za prirodne
nauke. Bio je potpredsednik Matice srpske od 1991.
godine, dugogodisnji ¢lan Redakcije, a zatim urednilk
Zbornika za prirodne nauke. Veliki deo svojili sposob-
nosti, svog znanja, energije i ljubavi vezao je za Maticu
srpsku, zalaZudi se za afirmaciju prirodnih nauka u
njenom okrilju. Njegovim zalaganjem je Zbornik za
prirodne nauke doZiveo znaéajnu transformaciju, kroz
koju su radovi objavljeni u njemu sada dostupni svet-
skoj nau¢noj javnosti.

Objavio je veliki broj nauénih radova iz oblasti
taksonomije, ekofiziologije insekata i drugih oblasti.
Autor i koautor je nekoliko srednjeskolskih i vi-
sokoskolskih udzbenika i monografija, 102 naucna
racla, u¢estvovao je na brojnim nauénim skupovima u
zemlji i inostranstvu. Najvece priznanje za svoj naucni
rad dr Slobodan Glumac je dobio kada je na XV svet-
skom entomoloskom kongresu u Vaingtonu 1976.
godine izabran za ¢lana Stalnog komiteta svetskih en-
tomoloskih kongresa (Permanent Committee of Inter-
national Congresses of Entomology).

Nauka je bila velika ljubav profesora Glumca.
Njoj je posvetio najvide stvaralacke snage. IstraZivao je
obligatornu dijapauzu kod insekata, prag razviéa kod
Diptera, ekofizioloSke problema kod beski¢menjaka,

od hidri do insekata. Medutim, nesumnjivo najveci deo
svog rada je posvetio istraZivanjima jecdne familije
dvokrilaca, osolikim muvama. Tu je njegov doprinos u
svetskoj nauci nezaobilazan. Stazama koje je on utabao
i pravcima koje je nagovestio danas idu njegovi najblizi
saradnici, ali i mnogi istrazivaci iz razli¢itih delova
sveta. Kada je to bilo potrebno, video je vise i dalje od
ostalih. Zato je i mogao da oformi tim ljudi koji nas-
tavljaju putem na koji je on zakoracio pre vise od 40
godina.

U penziju je otiSao 1995. godine, nastavio da radi,
lomeci se izmedu Zelje za novim izazovima i jakog
osecaja duznosti da se mora olici "na vreme". MoZda je
u tom rascepu klica bolesti koja ga je pobedila. Treba
podsetiti da je pre vise od dvadeset godina, samo
beskrajnom snagom volje, porazio sli¢nu podmulklu
bolest. Drugi put nije uspeo.

I na kraju, nema kraja. Ostao je u ljudima koji su
ga voleli, ostao je u delima koja ce se ¢itati. U nama koji
smo rasli uz njega, ostala je tuga, ali moZzda vise od toga
radost. Radost $to smo imali srece da ga poznajemo i
posebnu privilegiju da nas obogati znanjem, mudroscu
i lepotom u dusi.

Hvala mu na tome

A. Vujic.



Prof. dr Slobodan Glumac
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ABSTRACT

The part of water current of the river Lim
near town Bijelo Pole (Montenegro) was the sub-
ject of investigation and especially the contents
of heavy metals. Determining the contents of
heavy metals included copper (Cu), zinc (Zn),
chromium (Cr), nickel (Ni), lead (Pb), iron (Fe)
and manganese (Mn). Samples are taken from six
chosen locations once in a month in period of
three months. The concentrations are obtained
by atomic absorption spectrophotometer (AAS)
whereas the samples are previously prepared by
classic chemical methods. Statistically signifi-
cant differences in average concentrations (on
level of significance o = 0.05) are found in cases
of zinc, iron and chromium but they are still
small so they could not be the consequence of
anthropogenic influence but rather of chemistry
of water. Average concentrations of nickel and
manganese are approximately three times
higher than maximum admissible concentration
(MAC?) for drinking water. It is not completely
clear are the concentrations of nickel and man-

ganese the consequence of anthropogenic im-
pact or the consequence of specific chemody-
namics of this part of river basin. In order to
obtain some precise and relevant conclusions,
more investigations of this part of water current
and especially its sediments are needed. The av-
erage concentration of iron is slightly higher
than MAC while in case of other metals the aver-
age concentrations are much smaller than MAC.
It is not found some regularity in increasing or
decreasing of concentrations along the river cur-
rent. Nevertheless it could be noted, as a global
impression, that the self-purification process
contributed a lot to stabilisation of whole water
system and according to the level of the concen-
trations of metals, which are within the limits for
non-polluted rivers, the changes in distribution
are mainly the consequence of the natural proc-
esses rather than anthropogenic influence.

Key words: heavy metals, water pollution, River Lim.

INTRODUCTION

River Lim with drainage area of 6016 km? takes
very important place in hydrogeografic system in this
part of Balkan's peninsula. Lim arises from the Plav's
lake (Montenegro), flows mainly on NNW through
Republic Montenegro and Republic Serbia and pours
in river Drina.

In this paper are presented the results of investi-
gation of the river Lim near town Bijelo Pole (Montene-
gro). Development of indusiry in filties and sixties
brought the problems of pollution to this area. Part of
river basin, especially downstream from town Berane,
became organically and inorganically polluted. That
process of river pollution especially increased after
building the factory for producing sulphate cellulose
and paper in Berane. Many reports of Institute for
Hydrometeorology ol Republic Montenegro con-
firmed that in sixties and Seventies River Lim was
biologically polluted. In mentioned period of time in
some parts of river complete pestilences of fish have

happened. For many years Lim was one of the most
polluted water currents in Republic Montenegro.

After closing the factory for producing cellulose
in Berane and, partly, because of decreasing of indus-
trial producing at all, the state of water current down-
stream from Berane became much better, mainly
because of process of self-purification.

As the part of permanent monitoring process of
the river Lim (especially downstream from Berane) we
chose to investigate the contents of heavy metals in
walter because of the fact that heavy metals are not only
one of the best indicators of industrial producing but
also one of the most dangerous factors of anthropo-
genic pollution as they are, practically, undestroyable
in natural conditions. The distinction between anthro-
pogenic and naturally occurring heavy metals in such
system as the Lim drainage area, should be regarded
asa task of the highest fundamental, as well as ecologi-
cal significance.
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MATERIALS AND METHODS

Sampling

Figure 1. Part of the river Lim with sampling locations

The samples of water are taken from chosen

locations near Bijelo Pole (see Fig.1.) on length of

approximately 35kmand sampling loca-
tions are presented on Fig.1. in down-

of heavy metals by atomic absorption spectro-
photometer (AAS). At the same time, together with
samples, the control probe was prepared from 500-cm-
distillate water.

Concentration values of metals were determined
by method of atomic absorption spectrophotometry
("PERIKIN ELMER 1100B") at Chemistry Department of
Faculty of Natural Sciences & Mathematics, University
of Pristina.

RESULTS

Determining of heavy metals concentrations in-
cluded: copper (Cu), zinc (Zn), chromium (Cr), nickel
(Ni), lead (Pb), iron (Fe) and manganese (Mn). Ob-
tained results are presented in Table 1. as well as the
mean for every metal (counted for whole period of
three months) with level of confidence and maximal
and minimal values (also taken for whole period, (Ta-
ble 2.).

In mark for the sample number means month.

e § is standard deviation, n = 18

e t factor is counted on level of signiticance o =
0.05

e MAC (maximum admissible concentration)
standards for every metal are taken from "Guideline for
Drinking-Water Quality", Recommendations I-III,
WHO Geneva, 1984. dncl Directives of Furopean
Council 80/778/EEC, 1986%.

Table 1. The contenis of beavy metals al the sampling poinis

Cu Zn Fe Mn Pb Cr Ni

4.5 18.6 69.1 59.8 7.5 14.9 315

5.5 214 75.1 68.9 6.2 14.5 29.1

4.9 19.8 712 66.8 5.5 15.1 30.1

4.8 214 87.2 66.1 6.8 16.1 28.1

3.7 173 826 49.8 52 172 279

54 13.4 68.2 512 7.1 182 325

47 25.6 60.2 598 6.1 139 287

4.1 223 58.2 497 7.2 14.8 328

50 2723 55.1 65.8 73 157 274

4.7 26.1 65.3 39.1 79 12.8 301

3.8 19.9 514 572 6.8 15.1 299

3.3 21.5 61.2 69.1 8.1 135 329

39 324 582 62.8 5.7 112 328

4.9 31.0 47.2 58.1 5.5 9.7 293

4.8 290 49.1 65.2 6.2 11.8 29.7

32 312 49.1 499 72 13.7 298

5.1 29.8 55.1 69.7 5.8 9.1 312

stream order: L.Ri, 2.Ro, 3.Z, 4.R, 5.8 and | sample (pg/dm’)
0.1z Sampling w '15 carried out in plastic -
bottles (1000 ¢cm®) once in a month in kT
period of three months (April, May and 2. Ro4
June 1996.). lmmediately after sampling 3 74
the samples are transported to the labo-
ratory for preparation and analysis. %54
5. S84
Preparation of the samples 6. 174
for analysis
In laboratory, the samples are 7. 153
passed through filter Whatman 42, 8. Ro5
which is previously washed, by 3% nitric 9. 75
acid and distillate water. After that the
:;(lmpl(' are put in normal pots (1000 10.:85
cm?). From each sampleis taken 500 cm® 11. 85
and evapor {.lll’_d in send bath till the vol- 12125
ume of S0cm’. After evaporating the
samples are qu.mtmltwcly carried in 13. Ri6
glasses (100 cm %) and continued with 14. Ro6
evaporaling to dly matter. To dry matter 5. 76
is added 5-10 cm? 2M nitric acid and than :
the solution is carried into three normal 16. R6
pots (50 em?) and filled with distillate 17. S6
waler. That process prepares the sam- 15,176
ples for determining the concentrations i

4.2 27.1 51.8 65.2 6.2 12.8 278
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Tabie 2. Statistically presented values

Metal (pg/dm®) Koo Koin Rt 8
I
Cu 55 33 4.6 + 031
Zn 324 134 242 £ 2.70
Cr 18.2 9.1 139 +1.19
Ni 329 274 30.1 £ 091
Pb 8.1 52 6.6 £ 327
Fe §7.2 472 61.9 * 30.83
Mn - 69.7 497 60.8 + 30.25

DISCUSSION

Variations in contents of heavy metals among
some locations could be the consequences of many
factors including:

o dilferences in contents of heavy metals in
source

e differences in chemistry of water

o differences in adsorptive properties of river
sediment

e anthropogenic influence

e natural external factors (erosion, wind)

e biological accumulation

Some of these, for example, external natu-
ral factors and biological accumulations, are very diffi-
cult to define because of their ch:mgabililyl in space
and time, so they are included in this work only as
possibilities. Among the factors mentioned above the
most important are the chemistry of wa ter” and anthro-
pogenic influence.

100% |
90% |

80% |

70% |

L 60% |
50% |
40% |
| 30%|
| 20%|
10% !

0% |

Figure 2. Proportional participation of metals

Proportional participations of every metal at sam-
pling points are presented in Fig.2 and we can see that
participation follows the order: Cu < Pb <Cr < Zn <Ni
<Mn <Fewhatis understandable in case of manganese
and iron because they represent the basic macroele-
ments and constituents of river sediments’.

Standard deviation does not exceed 20% of mean
for every metal except zinc (22,47%).

On next figures y-axis represents concentration
of the metal and x-axis number of the samples taken
for whole period of three months.

Copper ;

On Fig.3. it could be seen that there are no
extreme points in distribution of copper. The average
value of concentration is far bellow MAC for drinking
water. Standard deviation is 13.54% of mean.
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Figure 3. Distribution of cooper

Zinc

On Fig 4. it could be seen the average increasing
of concentration in June comparing with those in April
and May taken together. The means (June's and to-
gether for April and May) are significantly different on
level of significance o = 0.05. This average increasing
of concentration is the consequence of, so far, un-
known factor and the average concentrations in June
(50,08p.lg/dmj) is still 4 times smaller than MAC so we
can not speak about some radical anthropogenic influ-
ence.

Figure 4. Distribution of zinc

Chromium

On Fig.5. we can see the average decreasing ol
contents of chromium in May and June, comparing
with April, which is statistically significant. Standard
deviation is 17.21% of mean, which is counted for
whole period of three months and is much lower than
MAC.
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Nickel

Distribution of concentrations (Fig.6.) does not
show some big variations. Standard deviation is 6.08%
of mean and which is counted for period of three
months. It should be stressed that average concentra-
tion of nickel is approximately 3 times higher than
MAC.
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Figure 6. Distribution of nickel

Lead

In case oflead (Fig.7.) we do not have statistically
significant changes of concentration. Standard devia-
tion is 13.24% of mean which is counted for period of
three months and also much smaller than MAC.

b,

Figure 7. Distribution of lead

Iromn

As it was in chromium's case the same happens
here where we see (Fig.8.) statistically significant de-
creasing of average concentration in May and June
taken together comparing with April (o = 0.05). Aver-
age concentration, taken for whole three months, is
slightly higher than MAC.
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Figure 8. Distribution of iron

Manganese

Manganese does not show the significantly
changes in distribution. Standard deviation is 13.24%
of mean and this mean is approximately 3 times higher
than MAC for drinking water.
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Figure 9. Distribution of manganese

CONCLUSIONS

After all mentioned here we can say that statisti-
cally significant changes of concentrations occur in
cases of zinc, chromium and iron but that changes are
still small so they can not be the consequence of
anthropogenic factor but, more likely, of chemistry of
water system. Average concentrations of nickel and
manganese are approximately 3 times higher than
MAC for drinking water, while the concentration of
iron is slightly higher than MAC. It is not completely
clear are the concentrations of nickel and manganese
the consequence of anthropogenic impact or the con-
sequence of specific chemodynamics of this part of
river basin. In order to obtain some precise and rele-
vant conclusions, more investigations of this part of
water current and especially its sediments are needed.
The other metals occurred in trace amounts equally at
all sites, either at the site situated upstream or down-
stream of Bijelo Pole. None of the metals shows the
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regularity in increasing or dlecreasing of concentrations
along the river current. It could be noted, as a global
impression, that the self-purilication process contrib-
uted a lot to stabilization of whole water system and
according to the level of the concentrations of metals,
which are within the limits for non-polluted rivers, the
changes in distribution are mainly the consequence of
the natural processes rather than anthropogenic influ-
ence.
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REZIME
SADRZA_] TESKIH METALA U RECI LIM
Nenad Bozanovic

Prirodno-matematicki Fakultet, Univerzitet u Pristini,
Yugoslavia

U ovom radu prikazani su rezultati fizickohemij-
skih ispitivanja vodotoka reke Lim blizu Bijelog Polja

(Crna Gora). Odredivan je sadrzaj teskih metala u vodli
i to bakra, cinka, hroma, nikla, olova, gvozda i man-
gana. Uzorci su uzimani na 3est izabranil lokacija,
jednom mesec¢no u toku tri meseca. Koncentracije
teskih metala odredivane su na atomskom apsorp-
cionom spektrofotometru (AAS) a pre toga su uzorci
pripremljeni klasi¢nim hemijskim metodama. Nadene
su statisticki znacajne razlike proseénih mesecnih kon-
centracija u slucaju cinka, hroma i gvozda na nivou
znacajnosti o= 0.05. Navedene razlike koncentracija
po mesecnim ciklusima, iako statisti¢ki znacajne ipak
nisu dovoljno velike da bi se mogle pripisati antropo-
genom uticaju vec su najverovatnije posledica razlika
u uticaju hemodinamike vode u razli¢itim delovima
vodotoka. Jedino kod mangana i nikla prosecne kon-
centracije su vece oko tri puta od maksimalno doz-
voljena koncemmcijaz (MDK) za pijacu voclu. Za sada
je nejasno da li su povecane koncentracije nikla i
mangana posledica antropogenog uticaja ili su posle-
dica specifi¢nosti hemodinamike ovog dela sliva. U
cilju dono3enja preciznih i sigurnih zakljucaka bice
potrebno dalje istrazivanje kako vode tako i sedimenta
reke Lim. Kod gvoZda je proseéna koncentracija malo
veca od MDK dok su kod ostalih metala prosecne
koncentracije ispod MDK. Nije nadena nikalva pravil-
nost u smanjenju ili povecanju sadrZaja metala duz
vodotolka. Nakon izviSenil ispitivanja namece se opsti
utisak da, s obzitom da su koncentracije metala u
granicama proseka za nezagadene reke, promene u
distribuciji kao i hemodinamici metala predstavljaju
odraz prirodnih procesa u vedoj meri nego antropo-
genih faktora.
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ABSTRACT

The underpotential deposition and dissolu-
tion of lead onto carefully chemically polished
single crystal copper(100) electrodes from ace-
tate, nitrate and perchlorate solutions have been
investigated using Linear Sweep Voltammetry
(L.S.V.).

It appeared that the different anions used
did not change the voltammetric characteristics
significantly.

The voltammetric behaviour of the copper
(100) single crystal electrode showed underpo-
tential deposition and dissolution of lead exhib-
ited by two cathodic peaks and two anodic
counterparts, each pair of peaks asymmetrically
placed on the potential axis (appreciable peak
potential separation).

The L.S.V. results obtained strongly suggest
that UPD of lead on Cu(100) starts as an adsorp-
tion and proceeds as higher order 2D transfor-
mation into close-packed epitaxial crystalline
monolayer. The structure of the closest-packed
lead epitaxial monolayer on Cu(100) is pro-
posed.

The above conclusion is supported by the
"adsorption isotherm" evaluated from the L.S.V.
underpotential deposition data showing two
parts connected by a "shoulder"; the first and
second pair of voltammetric deposition and dis-
solution peaks exhibiting an anodic potential
shift with increasing lead concentration; the
deposition/dissolution peak potential separa-
tions exhibiting well defined dependence on the
lead concentration.

Key words: Underpotential deposition; Liner sweep voltammetry, Cu, Pb, Phase formation, Single crystal

INTRODUCTION

Despite extensive studies of metal underpotential
deposition (UPD) there have been some important
problems still unresolved. These related principally to
the nature of the monolayer (adsorbed or crystalline),
the interpretation of the linear sweep voltammogram
peaks, phase changes within the monolayer, the kinet-
ics of the crystalline monolayer formation, if any, and
the relevance of the UPD monolayer to the overpoten-
tial deposition process.

The system selected for the study was lead on
copper polycrystals and single crystals. The uderpo-
tential as well as overpotential deposition and their
possible mutual interdependence were investigated.
The substrate posses high hydrogen evolution overvol-
tage and therefore deposition of lead is not compli-
cated by hydrogen co-adsorption processes.

The technique employed was linear sweep vol-
tammetry.

MATERIALS AND METHODS

The experimental work described in this paper
was done predominantly using linear sweep voltam-
metry (L.S.V.) technique.

All potential programming of the working elec-
trode was supplied either from a potentiostat ("Hi-Tek
Instruments" model DT2101, or two "Chemical Elec-
tronics" models V150/1.5A, TR70/2A) in conjunction
with a "Chemical Electronics" waveform generator
(type R.B.1), or two "H.Tinsley and Co." potentiometer
(type 3387B). The waveform generator provided either
a ramp type voltage output for L.§.V.

The cell currents were recorded as voltages on an
XY recorder (types "Bryans 20000" or "Hewlett Packard
7015A"). To observe and record the current-time tran-
sients and other functions too rapid to be followed on
an XY or Yt recorder, oscilloscopes ("Tektronix" 547 or
5030) were employed.

The cell used for the L.S.V. experiments is pre-
sented in Fig. 1. The cell was made entirely of glass The

"working electrode, C, and Luggin capillary, L, were
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positioned in syringe barrels to enable adjustment to
give the best positions and mutual distances of the two.
The counter electrode, A, was either a platinum disc or
a platinum mash disc =1.5 em’ in area, positioned
parallel to the working electrode.

Figure. 1. The cell used for most of the L.S.V. and potential
step experiments

Working electrodes were small cylinders of sin-
gle crystal copper ("Metal Research Ltd.", 99.999%)
~0.8cm in diameter. These were sealed into Kel-F rod
such that only the top sutface of the metal cylinder was
exposed to the solution. Great care was taken to ensure
that no leakage occurred around the side of the metal
crystal. This was achieved by cooling the cylinder of
copper in liquid nitrogen before mounting in the hol-
low Kel-F rod (drilled for a tight fit at room tempera-
ture), which had been placed in boiling water so that
insertion of the metal and contraction of the plastic
housing ensured a very tight fit. The reference elec-
trodes housed at the end of the Luggin capillary were
either a saturated calomel (S.C.E. "Radiometer K401")
or lead wire ("Koch - Light Laboratories Ltd.", 99.999%)
scaled into the glass holder.

Prior to use all glass-ware was soaked in a mix-
ture containing equal volumes of concentrated nitric
and sulfuric acids to remove any possible traces of
grease, then it was rinsed thoroughly in tap water,
singly distilled and finally wiply distilled water. The
latter was prepared by slow distillation from a weakly
alkaline solution of KMnO4 and then from solution
containing a trace amount of ortho-H3PO4.

All solutions were made up from Analar grade
chemicals ("B.D.H. Chemicals Ltd." and "Hopkin and
Williams Company", without further purification) in
triply distilled water. Prior to experiment, solutions
were deaerated inside the cell by purging with a stream
of purified oxygen-free nitrogen, for about 30-35 min-
utes. Nitrogen was purified by purging it through a
solution of ammonia metavanadate, hydrochloric acid
and distilled water lying on top of ~25g, of amalga-
mated zinc'.

The importance of electrode surface preparation
cannot be overstressed in connection with the metal
deposition worlk. The surface preparation procedures
finally adopted for copper single crystal electrodes
were result of investigating a number of other meth-
ods. Criteria used to judge the success of each method
was based on the best reproducibility of experimental
data and the clearest delineation of various features on
the voltammetric characteristics. The polishing process
consisted of two stages, the first mechanical and the
second chemical.

Firstly, the electrodes were polished on selvyt
cloths ("Buchler Ltd.") impregnated with alumina
("Buchler Ltd." 5-107%cm and 3- 10"%cm grade, and
"Banner scientific Ltd." 1- 10 cm and 3 10cm grade).
Initially the largest grade was used and then progres-
sively smaller ones down to the smallest, until the
electrode had a mirror-like appearance free from
scratches or blemishes. These mechanical polishing
steps were always performed manually rather than on
a polishing machine, which was less convenient to use.
Before each experiment copper single crystal elec-
trodes were chemically polished using a modified ver-
sion of a process described elsewere”.

The three copper single crystals (111), (110) and
(100) had to be chemically polished under somewhat
different conditions if the result was to be up to the
standard. The polishing mixture containing 33vol.%
each of concentrated Analar grade HNO3, glacial ace-
tic acid and orthophosphoric acid, was common to all
copper electrodes used. The difference in treatment
between polycrystalline and each of the copper single
crystals began when the temperature of the polishing
agents and the time of immersion was to be decided.

The (100) oriented single crystal was immersed
in the acid mixture heated to 70°C, and alternately kept
still and stirred every 3 seconds four times. Then it was
rinsed with tap water and eventually with triply dis-
tilled water. Thereafter the procedure was the same as
that previously described for the (111) and (110) cop-
per surface orientation®”.

This polishing process required a considerable
amount of practice before consistent results could be
obtained.

Examinations of the polished electrode surfaces
under microscope and with X-ray emission spectros-
copy revealed no contaminating elements except very
minute particles of alumina, but these were very few
in number (on the sample investigated one particle of
alumina was found in an area of about 0.25-::1112}.

The amount of the copper dissolved in this
chemical polishing process was relatively small. A sin-
gle crystal polished several hundred times would lose
35% of its volume.

The investigation of a particular electrode solu-
tion combination always started with linear sweep
voltammetry. In this case it constituted the whole ex-
periment,
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The voltammogram itself was a direct indication
of the nature of the electrode surface and consequently
could be used to asses the degree to which the chemi-
cal polishing had been successful in producing a well
defined crystal plane (in the case of the single crystal
of course). For any particular system, repeated linear
sweep experiments were performed before any addi-
tional measurement were made in order to establish an
arbiter to which all future voltammetry could be re-
ferred. The procedure described here for L.S.V. is that
which enabled a given solution/electrode combina-
tion to be used for a whole day's experiments without
any deterioration in the result over this period.

Firstly the cell complete with working electrode
(not yet [reshly chemically polished) was rinsed thor-

oughly in tap, and triply distilled water. Then the cell -

was rinsed with the solution being used and finally
filled with it. This was followed by deaeration with a
rapid stream of nitrogen (scrubbed by a vanadous ion
mixture) [or about 35 minutes. During this process the
working electrode was polarized at a potential some-
what positive to that where U.P.D. began. After the
deaeration period, the working electrode was re-
moved [rom the cell and chemically (or only mechani-
cally) polished as described earlier and after thorough
rinsing was placed back in the cell. Gas purging was
continued in the cell scaled with a syringe piston while
the chemical polishing was performed. It was resumed
foran additional 5-10 minutes after the freshly polished
working electrode had been put into the cell. The
process of polarizing the electrode during the gas
purging acted as a mild pre-electrolysis method and
impurities were removed from the solution. That this
was the case could be seen by carrying out voltam-
metry with the electrode at the end of the degassing
period without chemical polishing, when markedly
inferior results were obtained. Before the actual L.S.V.
was recorded the cell was sealed off from the air by
tight rubber covers being placed on the gas inlet and
outlet,

Voltammetric experiments were carried outin the
normal way; the potential being cycled continuously
and sweeps recorded when necessary at a variety of
sweep speeds.

RESULTS

Copper single crystal with (100) oriented surface,
was examined in solutions containing three different
anions ( perchlorate, acetate and nitrate ), and four
different lead concentrations:

XMPB(OAC)2+ 10" 2M HOAC + 0.5M NaOAC 10" Mex< 107 M
XM PhO +107M HCIO4 +0.5M NaClO4 10 Mex<107'M
XMPB(OAC)2 + 107 M HCIO4+0.5MNaClO4

-4 =
10" Mex <10 M
XMPB(OAC)2+ 10 M HCIO4 +0.5M NaNO3 103M<x<10'M

The linear sweep voltammograms for the under-
potential deposition, UPD, of lead from those solutions
onto the Cu(100) oriented surface are presented in Fig.
2. a., b.and c.. A pre peak, K, followed by a sharp
main peak, Kz, and their anodic counterparts, Aj and
A2, were observed.

If repetitive cycling was performed, such that the
anodic end of the sweep potential range entered cop-
per dissolution by 1-2mV, the voltammograms would
change its shape somewhat. The Az and K2 peaks
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emZ |
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Figure. 2.Linear sweep voltammetry for lead underpotential
deposition onto Cu(100).

became sharper, and Al reduced in size so that its
charge became equal to the charge associated with Kj.
The overall charge (A1+A2), however, did not change.
It appears therefore that such cycling improve the
Cu(100) oriented surface.

The potentials and charges associated with the
peaks are shown in Table. 1.

+n_ | 10°MPbIOAC)#IPMHCIO, +0SMNACIO,
mVvsPbl .
140 | A Cu(100)
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| O ANODIC PEAK
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m
i Cu(100)
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Figure 3. a. Peak potential dependence on the sweep speed.
b. Peak potential separation dependence on the sweep speed

The change of peak potentials K2 and A2, and
their peak potential separation, AEa -k, due to changing
sweep speeds are shown in Fig. 3. a. and b..

The influence of the lead concentration on the
same quantities are presented in Fig 4.a. and b..

log C pi XMPbIOAC), +10°MHCIO, +0SMNaCIO,  Cu (100)
| \\
: N
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il CICAIHIDC FEAH_
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KO +n/mWwsfb 30 0 50 80 AE, .

Figure 4. a. Peak potential dependence on lead concentration.
b.Peak potential separation dependence on lead concentration.

DISCUSSION

A comparison of the data presented with those
obtained from the same or similar solutions on the
Ag(100) electrode®? ,Cu(111)"* and Cu(110)° electrode
shows significant differences and similarities: although
the number of peaks could be said to be the same, their
shape and the charge under them differs appreciably.
The two peak system in those cases was atuributed to
a two-step deposition process: first step - adsorption
and second step - transformation into a 2D crystalline,
close-packed monolayer.

The half peak width for Kz in the case of
Cu(100)/Pb is 18 £22mV. The charge encompassed by
K1 is approximately 90- 10'6Ascm'2, and the total
charge, (K1+K2) is (27613)- 10°Asem™. In addition, the
peak potential for Kz and Az changes with increasing
lead concentration exhibiting the trend established for
peaks corresponding to crystalline layer formation for
lead UPD on the two previously shown copper single
crystal orintations "~.

It appears therefore that the first step in lead UPD
on Cu(100), characterized by prepeak K1, would be a
-andom adsorption on favorable coordination sites.
The charge of 90- 10'6Asc111'2, if a roughness factor of
1.1 is taken into account, suggests an arrangement of
lead particles according to a superlattice model!%1% 13
(a structure achieved if only position marked with A of
Fig. 5. are occupied).

The second step, reflected in a sharp peak, K2,
consists of a 2D transformation into epitaxial phase
layer proposed in Fig. 5. The total charge involved in
the dezposition or the stripping process, of 276 10
Ascm’™, is by no means enough for the formation of a
close-packed lead monolayer. It does however, agree
very well with the charge needed to form the epitaxial
closest-packed epitaxial monolayer (234- IO'GAscm'z),
if roughness factor of 1.1 or so, is taken into account.
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Atoms in this arrangement
are very close together and
the resulting 2D lattice obvi-

Table. 1. Average UPD peak values for 10-2M Pb solitions and v= 10mV-1

ously resembles lll.e one for Average Caleufatad Cilculsted | Measured UPD
the (100) plane of the bulk| glectrode Peak Close-packed Bpitaxial Layer charge
lead. Therefore, it is not diffi-|  Surface ik X Lead lead 10*Ascm?
cult to imagine such a mono-| Orientation Potential mper Layer
layer, already having strong mVvs.Pb Wkt 10°Ascm™®
interactions with the sub- K K+K,
strate, participating in a band
structure which extends 0}-’@1‘ (100) OAC - T4+ 310 234 9% 275
the substrate and developing
properties of a well delined (100) NO, 70+3 310 234 90 280
crystalline phase.

The isotherm obtained (100) cloy 722 310 234 0 23

from the voltammogram in
Fig. 2.b., supports this pro-
posed lead monolayer formation, Fig. 6. After the initial
adsorbed layer is put down, the additional material
needed for the 2D epitaxial crystalline lattice is depos-
ited in what seem to be a higher order 2D phase
transformation occurring over a potential range of
40mV.

CONCLUSIONS

Once more it was convincingly confirmed that
careful and successful polishing of the substrate used
in UPD studies is of the utmost importance, if reliable,
quantitative and ¢ualitative data are to be obtained.

Different anions used in lead solution prepara-
tion (namely acetate, nitrate and perchlorate) did not
change significantly the voltammograms characteris-
tics obtained.

Cu (100)

Figure. 5. The structure of the closest-packed lead epitaxial
monolayer on Cu(100) surface.

Lead deposition and dissolution in the UPD re-
gion on the (110) oriented copper electrode surface,
from solutions used, was reflected in two cathodic, K1
and K2, and two anodic, A1 and Az. Both, the lirst peak
pair potentials, K1/A1, and the second peak pair po-
tentials, K2/A2, became, on average 15mV per decade,
more anodic with increasing lead concentration.

The charge encompassed by Ki/A1 was
(90+5)- 1O'GAscnf3, and the charge under K2/A2 peaks
was (18643)- 10%Asem™ (the sum of the two being
(276£3)- 10°® Asem™.

Peak potential separation AEA2. k2 , was 60mV at
10”°MPb and became smaller with increasing lead
concentration assuming the value of 40mV at 107
MPD.

The "adsorption isotherm" evaluated from the
uderpotential deposition voltammograms experimen-
tally obtained have shown that 33% of the total

UZMF'b{OAC}ZAOGMHCIOA+{15MNaC104 Cu(100)

eqfrnVu(:F;h

Figure. 6. The isotherm obtained on the basis of the voltam-
mogram presented in Fig.2. b.
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cathodic peaks (K1 + K2) charge was deposited within
55mV potential range ( a charge very close to 90
: 10‘6Ascm'2_), the additional 67% following the struc-
tural change start of the monolayer depicted by the
"shoulder" (until full charge of 276- 10° Ascm™ was
reached). It appeared therefore that before the layer is
fully completed it begins reorganization into a close-
packed epitaxial structure.

The experimental results obtained strongly sug-
gest that UPD of lead on Cu(100) starts as an adsorption
(K1) and proceeds as a higher order 2D transformation
into close-packed crystalline monolayer (K1 + K2).

A model for the structure of the closest-packed
lead epitaxial monolayer formed during lead UPD on
the Cu(100) surface was also presented.
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STUDIJA POCETNOG STADIJUMA ELEKTRO-
TALOZENJA OLOVA NA BAKRU - ITI DIO
PONASANJE BAKARNE ELEKTRODE KRISTALO-
GRAFSKE ORIJENTACIE (100) PRI LINEARNO]
CIKLICKOJ PROMJENI POTENCIJALA

Jovan N. _]OWCEVICI, Alan BEWICK
Chemistry Department, Southampton University, UK,
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1Sadaénja adresa: Odsel za hemiju, PMF, Univerzitet u
Pristini, 38000Pristina, Jugoslavija.

Ovo je treci rad iz serije radova u kojima se iznose
rezultati istraZivanja pocetnih stadijuma elektro-
taloZenja olova (iz acetatnih, nitratnih i perhloratnih
rastvora) na polikristalnim i monokristalnim bakarnim
elektrodama.

Rad predstavlja rezultate dobijene linearnom
ciklicnom promjenom potencijala (1.5.V.) bakarne
monokristalne elektrode sa povriinom kristalografske
orijentacije (100) u podruéju potencijala pozitivnijih ocl
reverzibilnog potencijala olova u datoj sredini.

Jo§ jednom je uvijerljivo pokazano da je paZljivo i
uspjedno poliranje povisine radne elektrode od na-
jveceg znacaja pri ispitivanjima podrudja potencijala
pozitivnijih od reverzibilnog potencijala taloZenja/
rastvaranja ispitivanog metala ukoliko se Zele dobiti
pouzdani kvalitativni i kvantitativni podaci.

ElektrotaloZenje i rastvaranje olova metodom
linearne ciklicke promjene potencijala u podrudju po-
tencijala pozitivnijih od reverzibilnog potencijala olova
u datom rastvoru na monokristalnoj bakarnoj povizini
kristalografske orijentacije (100) odraZava se u obliku
dva katodna, Kj iKz, i dva komplementarna anodna
talasa, A1 i Az. Prisustvo razlicitih aniona u upotre-
bljenim rastvorima nije znacajnije uticalo na rezultate
dobijene linearnom ciklickom promjenom potencijala.

Potencijal vrha talasa K2 talasa iznosi (+74+4)mV
vs.Pb u svim ispitivanim rastvorima. Vrijednosti poten-
cijala vrthova talasa K1, A1 i Kz, Az postajali su anodniji
(prosje¢no za 15mV po dekadi) sa porastom koncen-
tracije olova u upotrebljenim elektrolitima. Ovakvo
ponadanje karakteristicno je za kristalne faze (monos-
lojeve).

Razlika u potencijalima vrhova talasa, AEa2.x2
drugog para talasa iznosila je 60 mV pri 107 MPb, i
mijenjala se sa promjenom koncentracije oloca u
upotreblienim rastvorima, da bi iznosila 40mV pri 10™
MPb.

Elektri¢ni naboj ograni¢en talasima (K1 ili A1)
iznosio je (90+5)- 10°Asem™ a elektricni naboj pod
drugim parom (K2 ili A2) iznosio je (18613)- 10%Asem™

, dok je suma (K1+K2), odnosno (A1+A2) iznosila (276
3)-10%Asem™,

"Adsorpciona izoterma" izracunata na osnovu
voltamograma za proces elektrotaloZenja olova, u po-
drudju potencijala pozitivnijih od reverzibilnog poten-
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cijala olova, pokazala je da se 33% ukupnog elek-
tri¢cnog naboja, (K1+K2), razmijeni uz promjenu  po-
tencijala Cu(110) od 55mV, a da preostalih 67% slijedi
nakon zapocinanja strukturnih promjena u monosloju
odrazenih na izotermi "stepenicom" (dok se ne razmi-
jeni puni iznos elektricnog naboja od (27613) - 10°
®Asem™). Izgleda da do reorganizacije epitaksijalne
strukture prvog sloja dolazi i prije nego 5to se cio
epitaksijalno adsorbuje.

Navedeni rezultati iztraZivanja snaZno upucuju
na to da elektrotaloZenje olova na (100) povrSini
bakarne elektrode, pri potencijalima pozitivnijim od

reverzibilnog potencijala olova u datom elektrolitu,
zapocinje adsorpcijom, Ki, a nastavlja se 2D faznom
transformacijom viSeg reda, K2, u gustopakovani epi-
taksijalni kristalnoidni monosloj.

PredloZen je model strukture najgudce pako-
vanog epitaksijalnog olovnog monosloja na Cu(100)
povrsini elektrode nastalog elektrotaloZenjem olova
pri potencijalima pozitivnijim od reverzibilnog poten-
cijala olova.
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ABSTRACT

The underpotential deposition and dissolu-
tion of lead onto carefully chemically polished
single crystal copper(111) electrodes from ace-
tate, nitrate and perchlorate solutions have been
investigated using single and double potential
step techniques.

It appeared that the different anions used
did not change the current-time responses char-
acteristics significantly.

The results obtained in L.S.V. and par-
ticularly the potential step experiments pre-
sented enable the following conclusion to be
made:

7-10

a.- The underpotential deposition of lead on
the Cu(111) oriented electrode surface is a first
order 2D phase formation process proceeding
through 2D instaneous nucleation and the sub-
sequent growth of overlapping centres control-
led by charge transfer; the slow step of the
overall reaction is the incorporation of the build-

ing material into the advancing edge of the grow-
ing 2D patches,

b.- The structure of the crystalline 2D layer
formed is the e]?ita‘xjally closest-packed mono-
layer lead lattice’ on the underlying copper (111)
substrate.

c.- The UPD lead monolayer formation was
found to be, in the case of copper(111) sub-
strates, an essential precursor to thicker depos-
its; its influence on the initiation of the
overpotential deposition and its growth mecha-
nism, was shown to be very significant.

The above conclusions are supported by the
"discontinuous adsorption isotherm" evaluated
from the potentiostatic underpotential deposi-
tion data and analysis of the growth transients at
constant potential which showed behaviour
characteristic of nucleation and growth proc-
esses.

Key words: Underpotential deposition, Potentiostatic step, Cu, Pb, Phase formation, Single crystal

INTRODUCTION

Despite extensive studies of metal underpotential
clcposition"m there have been some important prob-
lems still unresolved. These related principally to the
nature of the monolayer (aclsorbed or crystalline), the
interpretation of the linear sweep voltammogram
peaks, phase changes within the monolayer, the kinet-
ics of the crystalline monolayer formation, if any, and
the relevance of the UPD monolayer to the overpoten-
tial deposition process.

The system selected for the study was lead on
copper (111), (110) and (100) oriented single crystal
surfaces. The uderpotential as well as overpotential
deposition and their possible mutual interdependence
were investigated. Chosen substrates possess high hy-

drogen evolution overvoltage and therefore hydrogen
co-adsorption processes do not complicate deposition
of lead.

Linear sweep voltammetry' %, however careful ly
and successfully performed, is not sufficiently diagnos-
tic tool to characterize underpotential monolayers and
the possible phase changes taking part within them.
Therefore help from potential step techniques, which
are known to provide clear information on the mecha-
nism of phase formation, was required. The analysis of
the current against time transients, observed after initi-
ating phase formation at constant potential using a
potential step should yield additional data on the for-
mation of 2D phase films during UPD.
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MATERIALS AND METHODS

The experimental work described in this paper
was done using single, double and triple potential
pulses.

All potential programming of the working elec-
trocle was supplied either from a potentiostat ("Hi-Tek
Instruments" model DT2101, or two "Chemical Elec-
tronics" models V150/1.5A, TR70/2A) in conjunction
with a "Chemical Electronics" waveform generator
(type R.B.1), or two "H.Tinsley and Co." potentiometer
(type 3387B). The waveform generator provided sin-
gle/double potential step.

The cell currents were recorded as voltages on an
XY recorder (types "Bryans 26000" or "Hewlett Packard
7015A"). In potential step experiments of longer dura-
tion, a Yt recorder ("Servoscribe 1s" RE 541.20) was
used to record i-t transients. To observe and record the
current-time transients and other [unctions too rapid to
be followed on an XY or Yt recorder, oscilloscopes
("Tektronix" 547 or 5030) were employed. However,
permanent records of such transients were obtained
using a "Hi-Tek Instruments" signal averager (type
AA1) as a transient recorder in conjunction with an XY
recorder. This instrument has the ability to sample the
signal-input voltage; converting it into digital form and
storing it in memory having one location for each
sample (256 locations). Since the time between the
samples (e.g. points on an i-t curve) memorized can be
altered at will, very fast transients could be reproduced
from the instrument's memory on a longer time scale
than used for the input of the data, thus enabling an
XY recorder coupled with the signal averager to record
them.

The signal averager was used in the averaging
mode when i-t transients taken in the legion of very
small current densities (10° to 10> Acm™) showed
noise levels big enough to obscure the true picture of
the process. This technique relies on the fact that the
time average resulting from the superposition of a
number of identical signals (e.g. i-t transients) each of
which has some random or periodic noise associated
with it, will be the original signal but with the signal to
noise ratio improved. This statement is valid provided
that any periodic noise on the signal is not time locked
to the repetition rate of pulsing (e.g. as would be the
case if the beginning of each pulse coincided with the
same point on the 50Hz mains frequency noise). On
each cycle of the signal, the averager samples the signal
input at fixed time intervals, converts the sampled
voltages into digital form and stores the information in
a memory having one location for each sample. This
sampling process is repeated a preset number of times
"n"; a trigger signal from the waveform generator en-
sures that samples are taken at equivalent points on
each signal. Each new sample is added algebraically to
the value already accumulated in the memory location,

Figure 1.a) The cell used for most of the L.S.V. and poten-
tial step experiments

N
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Figure 1.b) The cell used for potential step experiments on
a very long time scale

so that the final value stored is equal to "n" multiples
of the average value of the sample taken at that point.
If one assumes that the electrochemical process itself
produces no random fluctuations in the signal level,
signal content of each sample point is constant and
therefore its contribution to the value stored will in-
crease linearly with "n". However, as "n" increases, the
average value of the noise will approach zero.

The overall SLgml to noise improvement, (SN)p,
is given by (SN)p=n""? . Typically in the pulse experi-
ments described here the value of "n" used was 16 or
32.

Two types of cell were used, Fig.1. a) and b). The
cell given in Fig.1.a) was used for most of the potential
step experiments and was made entirely of glass. The
working electrode, C, and Luggin capillary, L, were
positioned in syringe barrels to enable adjustment to
give the best positions and mutual distances of the two.
The counter electrode, A, was either a platinum disc or
a platinum mash disc ~1.5 cm?® in area, positioned
parallel to the working electrode.

The cell in Fig.1.b) was used for potential step
experiments controlled by potentiometers. This cell
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was also made entirely of glass. The counter electrode,
A, however, was made of the metal deposited (surface
area 45(:111'2; lead "Koch-Light Laboratories Ltd.",
99.999%) and served as a reference electrode at the
same time. The lead disc was pressed into a glass tube
of slightly larger diameter after being wrapped with
very thin (1 10" cm) teflon foil.

Working electrodes were small cylinders of sin-
gle crystal copper ("Metal Research Ltd.", 99.999%)
=0.8cm in diameter. These were sealed into Kel-F rod
such that only the top surface of the metal cylinder was
exposed to the solution. Great care was taken to ensure
that no leakage occurred around the side of the metal
crystal. This was achieved by cooling the cylinder of
copper in liquid nitrogen before mounting in the hol-
low Kel-F rod (drilled for a tight fit at room tempera-
ture), which had been placed in boiling water so that
insertion of the metal and contraction of the plastic
housing ensured a very tight fit. Electrical contact was
made via brass soldered to the copper cylinder. The
reference electrodes housed at the end of the Luggin
capillary were either a saturated calomel (S.C.E. "Radi-
ometer K401") or lead wire ("Koch - Light Laboratories
Ltd.", 99.999%) scaled into the glass holder.

Prior to use all glass-ware was soaked in a mix-
ture containing equal volumes of concentrated nitric
and sulfuric acids to remove any possible traces of
grease, then it was rinsed thoroughly in tap water,
singly distilled and finally triply distilled water. The
latter was prepared by slow distillation from a weakly
alkaline solution of KMnO4 and then from solution
containing a trace amount of ortho-H3PO4.

All solutions were made up from Analar grade
chemicals ("B.D.H. Chemicals Ltd." and "Hopkin and
Williams Company", without further purification) in
triply distilled water. Prior to experiment, solutions
were deaerated inside the cell by purging with a stream
of purified oxygen-free nitrogen, for about 30-35 min-
utes. Nitrogen was purified by purging it through a
solution of ammonia metavanadate, hydrochloric acid
and distilled water lying on top of =25g, of amalga-
mated zinc .

The importance of electrode surface preparation
cannot be overstressed in connection with the metal
deposition work. The surface preparation procedures
finally adopted for copper single crystal electrodes
were result of investigating a number of other meth-
ods. Criteria used to judge the success of each method
was based on the best reproducibility of experimental
data and the clearest delineation of various features on
the voltammetric characteristics. The polishing process
consisted of two stages, the first mechanical and the
second chemical.

Firstly, the electrodes were polished on selvyt
cloths ("Buchler Ltd.") impregnated with alumina
("Buchler Ltd." 5-10™ cm and 3- 10" em grade, and
"Banner scientific Ltd." 1-10” c¢m and 3- 10 cm
grade). Initially the largest grade was used and then

progressively smaller ones down to the smallest, until
the electrode had a mirror-like appearance free from
scratches or blemishes. These mechanical polishing
steps were always performed manually rather than on
a polishing machine, which was less convenient to use.
Before each experiment copper single crystal elec-
trodes were chemically polished using a modified ver-
sion of a process described elsewere”"11.

The (111) oriented single crystal was immersed
for 3 seconds in the acid mixture heated to over 75°C
while stirring, left without stirring for another 3 sec-
onds, then stirred and again left still for 3 seconds,
finally the solution was stirred, the electrode removed
and washed under a strong stream of tap water and
eventually in triply distilled water. The whole proce-
dure was repeated a second time. Then the electrode
would be immersed in 30 vol.% solution of othophos-
phoric acid and stirred for 10 seconds, washed in tap
water and finally with plenty of triply distilled water. If
gas evolution occurred on the electrode immersed in
the polishing mixture earlier than 3 seconds, then the
time which the electrode spent standing still was made
shorter.

Examinations of the polished electrode surfaces
under microscope and with X-ray emission spectros-
copy revealed no contaminating elements except very
minute particles of alumina, but these were very few
in number (on the sample investigated one particle of
alumina was found in an area of about 0.25cm?).

The amount of the copper dissolved in this
chemical polishing process was relatively small. A sin-
gle crystal polished several hundred times would lose
35% of its volume.

The investigation of a particular electrode solu-
tion combination always started with linear sweep
voltammetry.

The voltammogram itself was a direct indication
of the nature of the electrode surface and consequently
could be used to assess the degree to which the pol-
ishing had been successful in producing a well-defined
surface. For any patrticular system, repeated linear
sweep experiments were performed before any addi-
tional measurements were made in order to establish
an arbiter to which all future voltammetry could be
referred. Potential step measurements were made only
if the linear sweep voltammetry was identical or very
close to the accepted arbitrary standard, whiclh was the
clearest delineation of the voltammetric features.

The cell complete with working electrode (not
yet finally mechanically polished) was rinsed thor-
oughly in tap, and triply distilled water. Then the cell
was rinsed with the solution being used and finally
filled with it. This was followed by deaeration with a
rapid stream of nitrogen (scrubbed by a vanadous ion
mixture) for about 35 minutes. During this process the
working electrode was polarized at a potential some-
what positive to that where U.P.D. began. After the
deaeration period, the working electrode was re-
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moved [rom the cell and finally mechanically polished
as described earlier and after thorough rinsing was
placed back in the cell. Gas purging was continued in
the cell scaled with a syringe piston while the final
mechanical polishing was performed. It was resumed
foran additional 5-10 minutes after the freshly polished
working electrode had been put into the cell. The
process of polarizing the electrode during the gas
purging acted as a mild pre-electrolysis method and
impurities were removed from the solution. That this
was the case could be seen by carrying out voltam-
metry with the electrode at the end of the degassing
period without chemical polishing, when markedly
inferior results were obtained. Before the actual L.S.V.
was recorded the cell was sealed off from the air by
tight rubber covers being placed on the gas inlet and
outlet.

Single and double potential steps could be ap-
plied to the working electrode, both in the UPD and
the OPD regions, either by switching from channel A
to channel B or on the "Hi-Tek Instruments" poten-
tiostat (if the potential steps were of longer duration),
or with the waveform generator RB1 in conjunction
with a potentiostat. If the pulse train was employed,
the dissolution pulse was always at least ten times the
length of the deposilion one, to ensure steady state
conditions.

The fact that both the "Hi-Tek Instruments" po-
tentiostat and the waveform generator had a facility for
providing double step, allowed triple step experiments
to be performed when the two were connected.

If potential step responses were not varying rap-
idly with time, the transients were recorded directly
onto a Yt or XY recorder with time base supplied from
the signal averager. When this was not possible, the
averager was used to store and average current tran-
sients that could then be played back onto recorder.

When long duration potential step experiments
in the UPD region were performed, two potentiome-
ters with stable battery power supplies ("EXIDE"
LCP13) were used to provide the working electrode
with the desired potential. Potentiometers were con-
nected to the electrode through a make-belore-break
switch, which enabled the choice of two preset poten-
tials. The cell current was monitored with a battery
driven Current picoampermeter ("Level” D.C. Multime-
ter type TM 9B) and recorded on a Yt recorder.

RESULTS

Copper single crystal with (111) oriented surface,
was examined in solutions containing three different
anions ( perchlorate, acetate and nitrate), and four

dilferent lead u)ncenrmuonb
SMPH(OAC)2 + 107 M HOAC + 0.5M NaOAC
XM PhO +10MHCIO4 +0.5M NaCIOj

10 Mex <107
102Mex <107 M
10'4315.\; <1071
103M e x <10M

XM EDIOAC) + 10'51\1 HCIO4 +0.5M NaClO4
MHCIO4 +0.5M NaNO3

XM PhOAC)? + 107

This relatively wide variation in solution compo-

sition and concentration was necessary to unclerstand
all the variables aftfecting the UPD.
The composition and pH of the solutions used was
decided on the basis of knowledge gathered on the
subleclj 1819 Without added acid, the pH of the solu-
tions was effectively neutral ( pH = 5.2 -5.5 ), and in
such a situation:

PbO + H20 + 2e- << Pb + 20H ; E®=-819mV vs. S.C.E

Therefore:

Eny p,=-819 4295 log

[OHT]*
which for different pH yields:
pH=7 Epb/pho = - 406mV vs. S.C.E.
pH =54 Epb/rho = - 312mV vs. S.C.E.
pH=3 Epb/rbo = - 170mV vs. S.C.E.

The pO[CI‘]lld| region in which lead UPD is ob-
served in 10M lead solution on copperspans approxi-
mately between - 240 and - 340mV vs. S.C.E ( provided

that app™ = Pb+2}, Solutions were acidified to pH =

- 3 in order to push the potential Eppy/pho sulliciently
anodic to the UPD potential region ol investigation,
thus assuring conditions with no interference from
PbO formation.

The single potential step results

After L.S.V. had been recorded the potential of
the working electrode was changed in a step from the
starting value, Es, to a new value, n, in the region of
UPD as indicated by the beginning of the voltammetric
peak and the onset of bulk deposition (see Fig. 2.).

i 1BMPBIOAC) IMHCI0, - RS MNGCHD, cutin)
Yem )
Egx s £00 mVusPo 'y
© feou8misrn "'gél'.
@ el
6 G neeltf - 1 myet
@ nuelsmvvarp &l 266 Whsendd
1
3
ot
3 j -:&s ]Es
Ao b
n i) g !
2 offmvesn
: a
¢ £
1] & EY 1imin

Figure. 2.Current-time transients for a single potential step
from Es to n for values just into the deposition peak. Insert:
voltammogram for deposition process showing the relevant
values of the potential.

Current-time transients obtained in such an way
are presented in Fig. 2. and Fig. 3. The first one shows
transients obtained for n values corresponding to po-
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tentials at very beginning of the voltammetric deposi-
tion peak, and the second one, transients obtained for
n values equal to or more negative than the peak
potential.
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Figure. 3.Current-time transients for a single potential step
from Es to nyfor values of nwell into the L.S.V. deposition peak.

The double potential step results

The results obtained using a double potential
step are consistent with the conclusion already
reached™?, namely that lead UPD on Cu(111) takes
place by a process involving 2D instantaneous nuclea-
tion and the subsequent growth of 2D patches.

When the duration of the first pulse 11, was
increased, the amplitude of the first pulse, ni, and the
second pulse, nz, remaining constant, the current-time
relationships of the form given in Fig. 4. were obtained.

Nuclei formed during the first pulse grew at the

i 'ﬂ?MFb{OAC}E» [f]MHCID‘ +0SMNaCIO,

it Culiin}

Eyz e LLOmMVesPl
200 M= ¢ 98 miesf
ye 120mVesPl

W1 =0sm?
@15 »
QY2
@50
=00

3

—d
s

—

i} i & (] 00

Figure. 4Current-time responses to double potential step ap-
pliedinlead UPD, When time duration of the first step gradually
increases.

potential of the second, thus completing a full mono-
layer. Naturally, the longer t1, all other parameters
remaining the same, the higher the current during the
reign of the first pulse and consequently the shorter the
time needed for the layer to be deposited in full.

When t1 and nz were maintained constant and
varied from values anodic to the L.S.V. peak to those
well within it, transients of a form presented in Fig. 5.
were obtained.
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Figure. 5.Current-time responses to double potential steps.

When the potential of the first pulse was smaller
than that of the second, (curve 1 in Fig. 5.), the i-t
transients in the second pulse closely resembled those
obtained for single step experiments under the same
conditions. When 11 2 12, nuclei produced during the
first pulse continued to grow under the second com-
pleting a full monolayer. The time needed [or the
completion decreased with increasing 1, as was ex-
pected.

In all cases, when the charge under the first pulse
was added to the charge belonging to the second pulse
and the double layer charge was subtracted, the total
was close to the predicted value, 212- 1()'6!&3011'J for
the model shown earlier’.

When double pulse potential experiments were
petformed in 10M lead solutions, planar diffusion
control played an important part in decicing the shape
of the i-t transients obtained in Fig. 6.
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Figure. 6.Current-time responses to double potential steps
applied in lead UPD in diluted lead solution.

Even at low 12 potentials, full development of the
rising i-t transients was either inhibited or prevented
by bulk diffusion control, and at higher n2 values the
control by planar diffusion becomes obvious. These
transients, at the same time, closely resemble those
obtained for lead UPD potential step experiments on
Ag(11 o indicating once more the probable reasons
for absence of well defined rising i-t transients in that
case.
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DISCUSSION

Detailed analysis of the transients given in Fig. 2.
and 3. showed that the initial fall-off of the current
succeeding the double charging current exhibits char-
acteristics common to relationships reflecting planar
diffusion controlled deposition processes.

It was suggestedl‘ that, in the case of the adsorp-
tion of neutral atoms on an electrode at a rate high
enough to be controlled by planar diffusion, the sur-
face concentration of adsorbed species, I, should be
related to the volume concentration of the same spe-
cies at the electrode surface, Cy=0, through an adsorp-
tion isotherm:

Tmax € &)

a+C

a, being a parameter characteristic to the isotherm. The
isotherm was linearized:

i i 2
'=K- ¢ where K=£Z:L @

and the Laplace transform method applied to solve the
diffusion problem to give the relationship between the
surface concentration C and the volume concentration
CI}:

_{
=

C-——Cb[]—exp( X ﬁ] (3

Dt
2 Gt k)
Therefore:

X

Implementation of Fick's first law transforms Eq.
(4) intol12:

For small Cpulk values and short times Eq.(5) can
be approximated to the form:

. zFC'_rﬂJrB (6)
SR =P

Astley et al.’® have derived an identical equation
for the case of metal deposition in which the diffusion
zones of each nucleus rapidly overlapped and the rate
of the reaction was controlled by diffusion paz'pendicu—
lar to the surface. The slopes of i vs 12 for this
equation are constant at short times and equal
tozFCND /x, independent of n. Before the overpo-
tential is high enough for the limiting diffusion control-
led current to be achieved, the plot should show a

characteristic intercept on the gue

curvature at longer times.

The experimentally obtained plots of i vs. t
for the initial falling currents of the recorded i-t tran-
sients are in reasonable agreement with this predic-
tions, Fig. 7. The amount of lead put down in this way
are approximately 5-10% of the total monolayer
charge, and most probably this is all random adsorp-
tion of lead species at preferred sites.

axis, and develop

1/2
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Figure. 7 An i vs. t-1/2 relationship obtained for the very initial
falling portion of the curve number 3 in Fig. 3.

The subsequent rise of current proved to be linear
with time, Fig. 8., which suggested a process of Phase
formation through 2D instantaneous nucleation 413

B[ 2MPbIOAC) KPMHCIO, -05MNGCID, 3 o

Es=+390mYvsFb
=+ 100 mVusFb

.
w Wo's

Figure. 8.The rising portion of current-time transient number
5in Fig. 3. Enlarged to show the initial part.

It has been shown'®'> that the current density-

time relationship for the initial stages of 2D instantane-
ous nucleation and subsequent rate controlling lattice
growth under potentiostatic conditions is of the linear
form:

;. 2ZE TN okt D
p
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However, conclusive proof for such a crystal
growth process is obtained only by obtaining a fit to
the complete equation describing the formation of the
full monolayer:

i 22F TMN ok It o MNP (8

pl{-———)
o2

This predicts a linear relationship between
log(i/t) and 12.

In Fig. 9. a plot of log(i/t) vs. t* is shown for the
same i-t transient plotted in Fig. 8. It shows a good fit
to the predicted linear form, thus proving that the UPD
of lead on Cu(111) takes place by 2D crystal growth
mechanism involving the formation and subsequent
growth of nuclei formed instantaneously. The tran-
sients obtained for other values of also gave good
linear plots of i/t against e

WAMPLIBAC), + IPMHCIO, +05MNaCIO, cuthin

Eg=+300mVv.sFb
n =+ 100 myv.sFo

I

1% %2

Figure. 9. Test of transient number 5 of Fig. 3. According to
equation (8).

Analysis of the charge encompassed by the i-t
transients gave the expected results, Fig. 10. When the
n values were gradually advanced (milivolt by
milivolt), starting from a potential well anodic to the
voltammetric peak, the i-t transients for values up to n
= +149mV vs. Pb showed only monotonous fall of
current and the charge corresponded to the adsorption
of only a small amount of Pb. It was only when a value
of n = +147mV vs. Pb was reached that the full lead
UPD monolayer (283 10'6A5cm'2') was deposited. At
this potential the deposition peak took approximately
30 minutes to complete (curve 2 in Fig. 2.). Thus the
transition from a dilute adsorbed layer to a full crystal-
line layer was observed to take place within a potential
interval of 1mV on time scale of these experiments. For
n=+146mV vs. b, the time needed for the monolayer
to be deposited (280- 10°Ascm™) was almost halved,
Every other n value more negative then +147mV vs. Pb
produces increasingly shorter i-t transients but always
encompassed approximately the same monolayer
charge.

Therefore these experiments, performed with
two potentiometers, show a "discontinuous isotherm”,
Fig. 10. with a change from 5% to 100% (if double layer
charge is subtracted) in the charge of the monolayer
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Figure. 10. Discontinuous isotherm obtained by single poten-
‘tial step experiments in lead UPD.

proposed earlier7, taking place within a ImV potential
difference.

This result shows absolutely conclusively for the
first time that first order phase transformations, the
formation of a 2D crystalline layer by a normal nuclea-
tive mechanism does take place in UPD systems, con-
trary to the doubts of Lorenz, Schmidt and
coworkers!C. :

Experiments using a longer timescale than that
used would probably give an even narrower potential
difference for the "discontinuous isotherm". However,
the measurement problem would become increasingly
severe. To follow the formation of a monolayer in 30
minutes require the measurements of currents of about
107Acm™. These results show the d ifficulty of trying
to recognize such crystal growth processes by L.S.V.
analysis. The extreme potential dependence of nuclea-
tive processes means that impossibly low sweep
speeds would need to be used to oblain very narrow
peaks in L.S.V. e.g. a sweep speed of about 1mV in 30
mins (=10°°vs™) would be needed to give a peak width
of 1mV for the present system.

Attempts using the same technique to obtain
similar clear cut results for lead UPD on Ag(111) were
not successful. This can be understood, if the results
obtained for a single potential step in 107M lead solu-
tions on Cu(111), Fig. 11.a. and b. are compared to
those already published for Ag(1 1, Simple calcu-
lations using Eq.(6) show that contrary to the case of
the long i-t transients, Fig. 2. For which the diffusion
limited current density is still much higher after 15
minutes (3.5- 10°Acm™) than the recorded current (or-
der of magnitude 107Aem™), in the case of 10°M lead
solutions the planar diffusion limiting current is already
reached after a few milliseconds (Fig. 11.a. and b.), Fig.
12. At step potentials more anodic than = +60mV vs.
Pb, there are signs of rising i-t transient caused by
crystal growth but soon (Fig. 11.) the limiting diffusion
current prevails and the kinetics of the crystal growth
process are obliterated.

Therefore by comparison, it appears that the very
fast deposition kinetics and thus higher current densi-
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Figure. 11.a.Current-time transients obtained in dilute solu-
tion for a potential steps in the UPD region.
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Figure. 11.b.Current-time transient obtained in dilute solution
for a potential step in the UPD region; (———- ) calculated
diffusion limited current.

ties involved in lead UPD on Ag(111), lead to mass
transler control and the loss of i-t transients suitable for
kinetic and mechanistic analysis.
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Figure. 12. Plot of i vs. t-1/2 for curve 5 of Fig. 11.a.

In the case of 10*M lead solutions the influence
of planar diffusion on the process is even more obvi-
ous, Fig. 13.a. and b. Ata sweep speed v =107Vs ™! lead
UPD on Cu(111) electrode occurred in an usually
broad peak (compare it with figure7 recorded for the
same sweep speed but for 10°MPb solution).

If the sweep speed was increased twentyfold, Fig.
13.b., diffusion control became very important, and the

UPD current did not reach a zero value (the result of
monolayer completion) before the onset of bulk depo-
sition. If scanning is interrupted at certain potentials
and then resumed after a certain interval at lixed po-
tential, depending on how long the intermission had
lasted and at which potential it took place, additional
amounts of the monolayer were deposited. If the inter-
ruption lasted for 10 seconds (point 1 in Fig. 13.b. the
additional UPD process ran into diffusion control. 1f
the interruption lasted for the same time at two other
potentials, similar behaviour was observed (2 and 3 in
Fig. 13.b.) If however, the scanning was interrupted for
3 or 5 minutes(points 4 and 5 respectively in Fig. 13.1.)
a picture similar to the one in Fig. 13.a. was restored.
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Figure. 13. L.S.V. for UPD of Pb from dilute solution onto
Cu(111); interruptions: 1,2,3 - 10s; 4 - 180s; 5 - 300s.

Itappears that athigher sweep speeds the mono-
layer does not have the time to be deposited under
diffusion limiting conditions before the potential of the
bulk deposition is reached. At low enough sweep
speeds this is not the case, the monolayer has enough
time to deposit even under diffusion limited rates.

Analysis of a number of i-t transients obtained on
the same electrode for different n values should pro-
cluce information about nucleation kinetics.

The slope of the rising portion of an i-t transient
in the case of 2D instantaneous nucleation is defined
by:

22Fn MN o1 (9

A
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; . . 2
Therefore assuming all other terms as constant, Nok
can be evaluated from:

Nolf =210 e

2zFmml

After introducing the value for UPD lead monolayer
charge on Cu(111) (Q(111) = 212 10° Asem™ to

calculate:

_E Qi 11

2zFf

g 2 3 f
actual values for Nok™ were obtained using the expres-
sion:

(12)

It is impossible, unfortunately, to separate the
growth rate constant, k, from the number of nuclei
formed instantaneously.

However, the plot of log Nok?=f(m), givenin Fig.
14., conlirms that the UPD of lead on Cu(111) is a
nucleation process controlled by the charge transfer
reaction:

162MPBI0AC),+10°MHCIO -05MNaCIO,  Cufil)
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Figure. 14. Potential dependence of NOk2; (---—-) the same
dependence calculated according to Eq.(14).

Pb+2 + 2e- < Pb (13

The limiting slope An/ Alog Nok®= 30mV/decade
is the value predicted by the growth rate equation:

& (14)
kzzkﬁexp (%}

if oc=0.5is assumed, and the data gives a very good
fit to the theoretical line shown dashed which takes
account of the full form for the potential dependence
of the rate constant,

= : 14
=1k ,,[exp = a;?] —exp & ;)Tzﬁ n] i

Having established the mechanism of the lead
UPD process on Cu(111) and the structure of the final
layer it is now possible to analyze the L.S.V. peaks and
in particular, to show in detail why these pealks do not
become as sharp as those predicted by the limiting
Frumkin isotherm with g = 4 in:

(15)

a]'_

el
g <P (-20)

This has become possible due to the analysis by
Rangam]an 7 of the LS.V. response of crystal growth
processes. In the case of 2D instantaneous nucleation
and subsequent growth following the relationships
given by Eq.(7) and Eq.(8), the explicitly expressed
charge for the dependence on time of the phase for-
mation can be presented as:

g=qm|{1-exp[ -BF(t) ]| (16)
and therefore the current versus time relationship con-
structing L.S.V. for the same process by:

i=quB (d“Jexp[—BF(;)] an

where: gm is the charge of a completed Il‘lOl’lOlclYEl B
is a dimensionless parameter proportional to 1V (V
being a dimensionless sweep speed V = zFv/4RT,
where v is the sweep speed), and F(t) a dimensionless
parameter defined as:

F() ={[ -

: exp (4o Viy) + a{j‘

= exp (-4 Oy I‘F)] —I} (18)

If transfer coefficients are assumed oy = 0= 0.5 and z
= 2, Eq.(18) transforms into:

F(t) =[ cosh 2V1-1]" (19)

dr (20)

r =4 Vi sinh 2Vt [cosh 2Vi-1]
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sm% the dimensionless L.S.V. peak potential defini-
tion

g _ZEn (21)
I 4RT
and that for L.8.V. peak maximum current’

4iRT (21)
(,l‘;uZFi'

fp=

where: n = vt and gm= 212- 10%Asem™ = Qq11) the
theoretical plot of those values against log B was
obtained. Fig. 15.

0 EXPERMENTAL VALUES FOR i
o " w £

=5 = =] (] i ¥ 3 & ags

Figure. 15. Theoretical (full line) and experimental (dashed
line) plots of the dimensionless peak potential, Ep, and peak
current, ip, against the dimensionless parameter B.

It appears that at very high sweep speeds (small
B) the LS.V. peak potential changes exponentially,
while at low speeds v < 107vs! (high B) it remains
almost constant. At the same time, the peak current
changes oppositely, at high sweep speeds it barely
changes, and at low sweep speeds it changes exponen-
tially. .

When the experimentally obtained peak poten-
tials and peak currents were plotted according to the
same principle, curves formed by circles and squares
in Fig. 15. Were obtained.

The dimensionless peak potential versus log B
curve is in good agreement with theoretically predicted
values. The dimensionless peak current dependence
on log B, however, although showing the predicted
tendency, deviates quantitatively from the theoreti-
cally predicted values in the region of high B values
(low sweep speeds). This is elobab]y due to the fact
that the analytical treatment " does not take into ac-
count the slow kinetics of nucleation (induction pe-
riod).

Expressing B in terms of the quantities already defined
earlier gives:

o 167 NoM*k*R*T? (22)

F'p*v

From the potential step i-t transients obtained at

a number of Cu(111) oriented electrodes, the value of

Nok*M%/ |:)2 was found to be in the region between 1.4
- 8557 extrapolated to n = 0 (the reversible UPD
monolayer potential). These values were used to cal-
culate a linear sweep voltammogram for lead UPD on
Cu(111) according to Eq.(17). Assuming o = 0c = 0.5 :

[olEM gt (23)
m—ﬂf\—i——— D inh 2 Vi [cosh 2 Vt—1]-
v
p
exp M[cosh 2 Vi 1]}
p*V

Fig. 16.a. is the 1esult<tnt L.S.V. calculated for a
sweep speed v = 10mVs ™ and for the lower value of
Nok?M%/p>.

Fig. 16 b. is the result for the higher value of
Nok*M?/ p? p°. The half peak widths were respectively 3.6
and 2.5mV, which is in reasonably good agreement
with the experimentally obtained values for the same
system which average about 5SmV.

= vy
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Figure. 16.a.Voltammogram calculated accord:ng to Eq.(23)
for experlmentally obtained value Nok?M% p = 1.4872 sweep
speed v = 10mvs™.

b.Voltammogram carculated accordmg to Eq.(23) for ex-
perlmentaﬂyq obtained value NokM !p = 1.45% sweep speed
=10mVs™.

These results confirm the view expressed earlier
that in the case of a first order phase transformation the
L.S.V. peaks cannot be infinitely sharp and therefore it
is not possible in practice to obtain the perfect discon-
tinuous isotherm demanded by some authors'™® as a
criterion for true phase formation.
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CONSLUSIONS

The results obtained in LS.V and potential

step experiments presented above enable the follow-
ing conclusion to be made:

1.- The underpotential deposition of lead on the
Cu(111) oriented electrode surface is a first order 2D
phase formation process proceeding through 2D in-
stantaneous nucleation and the subsequent growth of
overlapping centres controlled by charge transfer; the
slow step of the overall reaction is the incorporation of
the building material into the advancing edge of the
growing 2d patches.

2.- The structure of the crystalline 2D layer
formed is the epitaxially closest-packed monolayer
lead lattice7 on the underlying copper (111) substrate.

3.- The UPD monolayer formation was found to
be, in the case of copper(111) substrates, an essential
precursor to thicker deposits; its influence on the in-
itiation of the overpotential deposition and its growth
mechanism, was shown to be very significant.
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STUDIJA POCETNOG STADIJUMA ELEKTRO-
TALOZENJA OLOVA NA BAKRU - IV DIO
REZULTATI DOBIJENI POTENCIOSTATSKIM PUL-
SEVIMA: ELEKTOTALOZENJE PRI POTENCIJALIMA
POZITIVNIJIM OD REVERZIBILNOG NA BAKARNO]J
MONOKRISTALNOJ POVRSINI KRISTALOGRAFSKE
ORIJENTACIJE (111)

Jovan N. _]owéewél, Alan BEWICK

Chemistry Department, Southempton University, UK,
509 5NH

15ada§nja adresa: Odsek za hemiju, PMF, Univerzitet u
Pridtini, 38000 Pritina, Jugoslavija

Ovo je Cetvrli iz serije radova u kojima se iznose
rezultati istraZivanja pocetnih stadijuma elektro-
taloZenja olova (iz acetatnih, nitratnih i perhloratnih
rastvora) na polikristalnom i monokristalnom bakru.

Rad predstavlja rezultate dobijene potenciostat-
skom metodom jednostrukog, dvostrukog i trostrukog
pulsa na monokristalnoj elektrodi poviinske kristalo-
grafke orijentacije (111) u podrudju potencijala pozi-
tivnijih od reverzibilnog potencijala olova u datoj
sredini.

Jo§ jednom se uvjerljivo pokazalo da je pazljivo i
uspjesno poliranje povisine radne elektrode od na-
jveceg znacaja pri ispitivanjima podrudja potencijala
pozitivnijih od reverzibilnog potencijala taloZenja/
rastvaranja ispitivanog metala, ukoliko se Zele dobiti
pouzdani kvantitativni i kvalitativni podaci.

Razliciti upotreblieni anjoni ne uti¢u znacajnije na
karakteristike eksperimentalno dobijenih podataka.

Rezultati dobijeni ciklickom voltametrijom ra-
nije_"'m, a posebno rezultati prikazani u ovome radu
dobijeni potenciostatskom pulsnom metodom
omogucuju slijedece zakljucke:
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- elektrotaloZenje olova pri potencijalima pozi-
tivnijim od reverzibilnog u ispitivanim rastvorima na
monokristalnim povriinama bakra kristalografske ori-
jentacije (111) je aktivaciono kontrolisan proces formi-
ranja dvodimanzione faze putem 2D trenutne
nukleacije i daljeg rasta stvorenih u rastu preklapajucih
centara; spori stupanj ukupne reakcije je ugradnja
gradevnog materijala u ivice rasta dvodimenzionih
kristalnih ostrva;

- stuktura kristalnog dvodimenzionog sloja je epi-
taksijalna najgusce pakovana monoslojna resctka for-
mirana na bakarnoj podlozi kristalografske orijentacije
(111);

- u slucaju bakarne podloge kristalografske ori-
jentacije (111) elekrotaloZenje olova pri potencijalima

pozitivnijim od reverzibilnog predstavlja neizostavnu
predhodnicu debljim talozima olova i ima znacajan
uticaj na zapocinjanje elektrotaloZenja pri katodnim
prenapetostima.

Navedeni zakljucke potvrduje "diskontinualna ad-
sorpciona izoterma" dobijena iz potenciostatskil po-
dataka elektrotalozenja olova pri potencijalima
pozitivnijim od reverzibilnog i rastuci strujni odgovori
na iste potenciostatske pulseva koji su po svom obliku
i analiziranim vrijednostima karakteristiéni za procese
nukleacije i rasta dvodimenzionih slojeva.

Received: December, 1997.
Accepted: January, 1998.
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 ABSTRACT

The underpotential deposition and dissolu-
tion of lead onto carefully chemically polished
single crystal copper(110) electrodes from ace-
tate, nitrate and perchlorate solutions have been
investigated using single and double potential
step techniques.

It appeared that the different anions used
did not change the current-time responses char-
acteristics significantly.

Results obtained by potential step experi-
ments in the case of lead UPD on Cu(110) show
that the kinetics of higher order transformations
in 2D systems can be followed and investigated
by electrochemical means.

The combined results obtained by L.S.V'8
and by potential step experiments presented
here lead to conclusion that:

a.- The UPD of lead on the Cu(110) oriented
electrode surface most probably involves a
higher-order, 2D transformation process from

the epitaxial closest-packed layer8 into close-
packed crystalline lead monolayer.

b.- The structure of the final UPD deposit is
a close-packed lead monolayer probably dis-
torted to a certain extent by the structure of the
underlying copper surface.

c.- The UPD lead monolayer formation, in
the case of copper(111) substrates, is an essential
precursor to thicker deposits; its influence on
the initiation of the overpotential deposition and
its growth mechanism, was shown to be very
significant,

The above conclusions are supported by the
"adsorption isotherm" evaluated from the poten-
tiostatic underpotential deposition data and
analysis of the growth transients at constant po-
tential which showed behaviour characteristic of
higher order 2D phase transformation proc-
esses.

Key words: Underpotential deposition, Potentiostatic step, Cu, Pb, Phase formation, Single crystal

INTRODUCTION

Despite extensive studies of metal underpotential
clepositionl'm'” there have been some important
problems still unresolved. These related principally to
the nature of the monolayer (adsorbed or crystalline),
the interpretation of the linear sweep voltammogram
peaks, phase changes within the monolayer, the kinet-
ics of the crystalline monolayer formation, if any, and
the relevance of the UPD monolayer to the overpoten-
tial deposition process.

The system selected for the stucdy was lead on
copper (111), (110) and (100) oriented single crystal
surfaces. The uderpotential as well as overpotential
deposition and their possible mutual interdependence
were investigated. Chosen substrates possess high hy-
drogen evolution overvoltage and therefore hydrogen
co-adsorption processes do not complicate deposition
of lead.

Linear sweep voilzlmmetlyl'm , however care-
fully and successfully performed, is not sufficiently
diagnostic ool 1o characterize underpotential mono-
layers and the possible phase changes taking part
within them. Therelore help [rom potential step tech-
niques, which are known to provide clear information
on the mechanism of phase formation, was recuired.
The analysis of the current against time transients,
observed alter initiating phase formation at constant
potential using a potential step should yield additional
data on the formation of 2D phase films during UPD.

MATERIALS AND METHODS

The experimental work described in this paper
was done using single, double and triple potential
pulses.
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All potential programming of the working elec-
trode was supplied either from a potentiostat ("Hi-Telk
Instruments” model DT2101, or two "Chemical Elec-
tronics" models V150/1.5A, TR70/2A) in conjunction
with a "Chemical Electronics" waveform generator
(type R.B.1), or two "H.Tinsley and Co." potentiometer
(type 3387B). The waveform generator provided sin-
gle/double potential step.

The cell currents were recorded as voltages on an
XY recorder (types "Bryans 26000" or "Hewlett Packard
7015A"). In potential step experiments of longer dura-
tion, a Yt recorder ("Servoscribe 1s" RE 541.20) was
used to record i-t ransients. To observe and record the
current-time transients and other functions too rapid to
be followed on an XY or Yl recorder, oscilloscopes
("Tektronix" 547 or 5030) were employed. However,
permanent records of such transients were obtained
using a "Hi-Tek Instruments" signal averager (type
AA1) as a transient recorder in conjunction with an XY
recorder. This instrument has the ability to sample the
signal-input voltage; converting it into digital form ancd
storing it in memory having one location for each
sample (256 locations). Since the time between the
samples (e.g. points on an i-t curve) memorized can be
altered at will, very fast transients could be reproduced
from the instrument's memory on a longer time scale
than used for the input of the data, thus enabling an
XY recorder coupled with the signal averager to record
them.

The signal averager was used in the averaging
mode when i-t transients taken in the region of very
small current densities (10° to 10° Acm™) showed
noise levels big enough to obscure the true picture of
the process. This technique relies on the fact that the
time average resulting from the superposition of a
number of identical signals (e.g. i-t transients) each of
which has some random or periodic noise associated
with it, will be the original signal but with the signal to
noise ratio improved. This statement is valid provided
that any periodic noise on the signal is not time locked
to the repetition rate of pulsing (e.g. as would be the
case if the beginning of each pulse coincided with the
same point on the 50Hz mains frequency noise). On
cach cycle of the signal, the averager samples the signal
input at fixed time intervals, converts the sampled
voltages into'digital form and stores the information in
a memory having one location for each sample. This
sampling process is repeated a preset number of times
"n"; a trigger signal from the waveform generator en-
sures that samples are taken at equivalent points on
each signal. Each new sample is added algebraically to
the value already accumulated in the memory location,
so that the final value stored is equal to "n" multiples
of the average value of the sample taken at that point.
If one assumes that the electrochemical process itself
produces no random fluctuations in the signal level,
signal content of each sample point is constant and
therefore its contribution to the value stored will in-

crease linearly with "n". However, as "n" increases, the
average value of the noise will approach zero.

The overall signal to noise improvement, (SNn,
is given by (SN}n=n1/2. Typically in the pulse experi-
ments described here the value of "n" used was 16 or
32

Two types of cell were used, Fig.1. a) and b). The
cell given in Fig.1.a) was used for most of the potential
step experiments and was macde entirely of glass. The
working electrode, C, and Luggin capillary, L, were
positioned in syringe barrels to enable adjustment to
give the best positions and mutual distances of the two.
The counter electrode, A, was ei{her a platinum disc or
a platinum mash disc =1.5 cm? in area, positioned
parallel to the working electrode.

Figure 1.a) The cell used for most of the L.S.V. and poten-
tial step experiments

Figure 1.b) The cell used for potential step experiments on
a very long time scale

The cell in Fig.1.hb) was used for potential step
experiments controllecd by potentiometers. This cell
was also made entirely of glass. The counter electrode,
A, however, was made of the metal deposited (surface
area 4,5cm'2; lead "Koch-Light Laboratories Ltd.",
99.999%) and served as a reference electrode at the
same time. The lead disc was pressed into a glass tube
of slightly larger diameter after being wrapped with
very thin (1- 10" cm) teflon foil.
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Working electrodes were small cylinders of sin-
gle crystal copper ("Metal Research Ltd.", 99.999%)
~0.8cm in diameter. These were sealed into Kel-F rod
such that only the top surface of the metal cylinder was
exposed to the solution. Great care was taken to ensure
that no leakage occurred around the side of the metal
crystal. This was achieved by cooling the cylinder of
copper in liquid nitrogen before mounting in the hol-
low Kel-F rod (drilled for a tight fit at room tempera-
ture), which had been placed in boiling water so that
insertion of the metal and contraction of the plastic
housing ensured a very tight fit. Electrical contact was
made via brass soldered to the copper cylinder. The
reference electrodes housed at the end of the Luggin
capillary were either a satrated calomel (S.C.E. "Radi-
ometer K401") or lead wire ("Koch - Light Laboratories
Ltcl.", 99.999%) scaled into the glass holder.

Prior to use all glass-ware was soaked in a mix-
ture containing equal volumes of concentrated nitric
and sulfuric acids to remove any possible traces of
grease, then it was rinsed thoroughly in tap water,
singly distilled and finally triply distilled water. The
latter was prepared by slow distillation [rom a weakly
alkaline solution of KMnO4 and then from solution
containing a trace amount of ortho-H3zPO4.

All solutions were made up from Analar grade
chemicals ("B.D.H. Chemicals Ltd." and "Hopkin and
Williams Company", without further purification) in
triply distilled water. Prior to experiment, solutions
were deaerated inside the cell by purging with a stream
of purified oxygen-free nitrogen, for about 30-35 min-
utes. Nitrogen was purilied by purging it through a
solution of ammonia metavanadate, hydrochloric acid
and distilled water lying on top of =25g, of amalga-
mated zinc

The importance of electrode surface preparation
cannot be overstressed in connection with the metal
deposition work. The surlace preparation procedures
finally adopted for copper single crystal electrodes
were result of investigating a number of other meth-
ods. Criteria used to judge the success of each method
was based on the best reproducibility of experimental
data and the clearest delineation of various features on
the voltammetric characteristics. The polishing process
consisted of two stages, the first mechanical and the
second chemical.

Firstly, the electrodes were polished on selvyt
cloths ("Buchler Ltd.") impregnated with alumina
("Buchler Ltd." 5-10™ em and 5- 10 em grade, and
"Banner scientific Ltd." 1-10” c¢cm and 3- 107 cm
grade). Initially the largest grade was used and then
progressively smaller ones dewn to the smallest, until
the electrode had a mirror-like appearance free from
scralches or blemishes. These mechanical polishing
steps were always performed manually rather than on
a polishing machine, which was less convenient to use.
Before each experiment copper single crystal elec-
trodes were chemically polished using a modified ver-
sion of a process described elsewere®!2,

The (110) oriented single crystal was immersed
in the acid mixture heated to 65°C, alternately standing
still and stirred every 4 seconds [or 4 times. Then it was
rinsed with tap water and eventually with triply dis-
tilled water. Thereafter the procedure was the same as
that previously described for the (111) orientation?7.

Examinations of the polished electrode surfaces
under microscope and with X-ray emission spectros-
copy revealed no contaminating elements except very
minute particles of alumina, but these were very few
in number (on the sample investigated one particle of
alumina was found in an area of about 0.25¢cm?).

The amount of the copper dissolved in this
chemical polishing process was relatively small. A sin-
gle crystal polished several hundred times would lose
35% of its volume.

The investigation of a particular electrode solu-
tion combination always started with linear sweep
voltammetry.

The voltammogram itself was a direct indication
of the nature of the electrode surface and consequently
could be used to assess the degree to which the pol-
ishing had been successtul in procducing a well-defined
surface. For any particular system, repeated linear
sweep experiments were performed before any addi-
tional measurements were made in order to establish
an arbiter to which all future voltammetry could be
referred. Potential step measurements were made only
if the linear sweep voltammetry was identical or very
close to the accepted arbitrary standard, which was the
clearest delineation of the voltammetric features.

The cell complete with working electrode (not
yet finally mechanically polished) was rinsed thor-
oughly in tap, and triply distilled water. Then the cell
was rinsed with the solution being used and finally
filled with it. This was followed by deaeration with a
rapid stream of nitrogen (scrubbed by a vanaclous ion
mixture) for about 35 minutes. During this process the
working electrode was polarized at a potential some-
what positive to that where U.P.D. began. After the
deaeration period, the working electrode was re-
moved from the cell and finally mechanically polished
as described earlier and after thorough rinsing was
placed back in the cell. Gas purging was continued in
the cell scaled with a syringe piston while the final
mechanical polishing was performed. It was resumed
for an additional 5-10 minutes after the freshly polished
working electrode had been put into the cell. The
process of polarizing the electrode during the gas
purging acted as a mild pre-electrolysis method and
impurities were removed from the solution. That this
was the case could be seen by carrying out voltam-
metry with the electrode at the end of the degassing
period without chemical polishing, when markedly
inferior results were obtained. Before the actual L.S.V.
was recorded the cell was sealed off from the air by
tight rubber covers being placed on the gas inlet and
outlet.
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Single and double potential steps could be ap-
plied to the working electrode, both in the UPD and
the OPD regions, either by switching from channel A
to channel B or on the "Hi-Tek Instruments" poten-
tiostat (if the potential steps were of longer duration),
or with the waveform generator RB1 in conjunction
with a potentiostat. If the pulse train was employed,
the dissolution pulse was always at least ten times the
length of the deposition one, to ensure steady state
conditions.

The fact that both the "Hi-Tek Instruments" po-
tentiostat and the waveform generator had a facility for
providing cdouble step, allowed triple step experiments
to be performed when the two were connected.

If potential step responses were not varying rap-
idly with time, the transients were recorded directly
onto a Yt or XY recorder with time base supplied from
the signal averager. When this was not possible, the
averager was used to store and average current tran-
sients that could then be played back onto recorder.

When long duration potential step experiments
in the UPD region were performed, two potentiome-
ters with stable battery power supplies ("EXIDE"
LCP13) were used to provide the working electrode
with the desired potential. Potentiometers were con-
nected to the electrode through a make-before-break
switch, which enabled the choice of two preset poten-
tials. The cell current was monitored with a battery
driven Current picoampermeter ("Level" D.C. Multime-
ter type T™M 9B) and recorded on a Yt recorder.

RESULTS

Copper single crystal with (111) oriented surface,
was examined in solutions containing three different
anions ( perchlorate, acetate and nitrate), and four
different lead concentrations:

Copper single crystal with (111) oriented surface,
was examined in solutions containing three different
anions ( perchlorate, acetate and nitrate), and four
different lead concentrations:

XMPB(OAC)2+ 10" M HOAC + 0.5M NaOAG 10‘_4Msxs 10M
xM PhO +10MHCIO4+05MNaClO4 10 Msx <10 M
XM PH(OAC)2 + 10 M HCIO4 + 0.5M NaClog 10° M<x <107 I
XMPB(OAC)2 +10™M HCIO4 +0.5M NaNO3 102Mex <107 M

This relatively wide variation in solution compo-
sition and concentration was necessary to understand
all the variables affecting the UPD.

The composition and pH of the solutions used
was decided on the basis of knowledge gathered on
the sul)jectl‘]j'”‘ Without added acid, the pH of the
solutions was effectively neutral ( pH =5.2-5.5 ), and
in such a situation:

PbO + H20 + 2e- ¢« Pb + 20H ;E® = - 819mV vs. S.C.E.

Therefore:
; 1
E My oy =819 + 29.5 I{)g ———
[OH]"
pH=7 Eprb/rhbo = - 406mV vs. S.C.E.
pH =5.4 Epb/rbo = - 312mV vs. S.C.E.
pH=3 Epb/rio = - 170mV vs, S.C.E

The potential region in which lead UPD is ob-
served in 10™M lead solution on COppEr Spans approxi-
mately between - 240 and - 340mV vs. S.C.E. provided

+2

that apy™ =[Pb +2] . Solutions were acidified to pH =
2 - 3 in order to push the potential Epi/pho sufficiently
anodic to the UPD potential region of investigation,
thus assuring conditions with no interference from
PbO formation.

The single potential step results

After L.S.V. had been recorded the potential of
the working electrode was changed in a step from the
starting value, Es, to a new value, 1, in the region of
UPD as indicated by the beginning of the voltammetric
peak and the onset of bulk deposition (see Fig. 2.).

W0 2MPBIOAC) 3 0 MHCI0, -0 SMNGCIO), oty

.;!i’; Cutino)
cme
!
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0|
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e ———
; , S E o
§ L] 15 « s

Figure. 2.Current-time responces to single potential steps from
Esto EMBED Equation.3  for values just into the deposition
peak. Insert: voltammogram for deposition process showing
the relevant values of the potential.

Single potential steps inducing lead UPD on
Cu(110) oriented electrode surface produced current-
time relationships typical representatives of which are
given in Fig. 2.

Steps, n, applied into the potential region of the
first voltammetric peak Ki (see Fig. 2. inserl) yield
monotonously falling transients encompassing charge
values increasing with increasing 1. Steps applied into
the potential region of the second voltammetric peak,
K3z, produced rising i-t transients.
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The double potential step results proceeding mainly at 2 can be separated from the
. . . . epitaxial layer deposition process, taking part partiall
Results obtained in double potential step experi- P o I P ) R
ments are presented in Fig. 3.a.b.,c.,d. and e. These atm.
were obtained when the first pulse, n1, corresponded | OB B0, 05MNaCl, il
to the potential at the rising portion of the first voltam- "
3
mogram pealk, and the second pulse, 12, was varied €= Je0anrvsPy
. . . . . Ty O0hs Lp02
starting with the potential at the beginning of the A ni-ewonne
second peak and continuing into it. The double pulse . ¢ @ nyes BOmwaFD
. . . 4 @ e85 0
technique gave i-t transients with a more pronounced 82?"?3 :
= ; , . e el
rising portion than obtained for the same potential in Dmrd. o
. . . . " mq;;-nmw_nf'h
single potential step experiments. '
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’ 2 5 > sahiord
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Figure. 3.Current-time transients obtained from double po-
tential step experiments.
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The }'151ng portion of an i-t transient I)econ?es Figure. 3.Current-time transients obtained from double po-
more obvious when n1 enters further into the first tential step experiments.

voltammetric peak potential region, Fig. 3.e. In this
way, the higher-order crystalline formation process

WZMPBIOAC)y» KIPMHCIO, 1 0SMNaCIOy cullio) DISCUSSION
"
il 4 . i
e Detailed analysis of the transients showed that
s B0mbsry the monotously deceasing transients observed in the
% L case when 1 was in the region of the first L.S.V. peak
g o were consistent with adsorption onto preferred
@i s 715,16,
© e+ ESmwso sites Fig. 4.:
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Figure. 3.Current-time transients obtained from double po- Figure. 4.i vs. 12 plots of the transients obtained for a single

tential step experinents. pulse, n, into the beginning of the first voltammetric UPD peak,

K1.




42

 zFcy\ND (D
L =5

This also proved to be valid for the initial fall-off
of the i-t transients when the potential was pulsed into
the second voltammetric peak. Therefore the com-
pound i-t transients were deconvoluted, by sutracting
the i-t component due to diffusion controlled adsorp-
tion. This process resulted in well delined rising i-t
transients as in Fig. 5. The suspected linearity of the
initial rising portion of the i-t transients, Fig. 6. was
confirmed by the deconvolution procedure, Fig. 5.

Cuflio
I,"]-‘ u(iio)
cmi]

E y=+ B0 mvvs Fo

\

3 . [ 5 ) TN

Figure. 5.Deconvoluted i vs. t transients from Fig. 2.
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o
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Fig. 6. An enlarged drawing of the i vs. t trasient number 3
of Fig. 2.

When deconvolution was applied to the transi-
ents obtained for nvalues belonging to the first voltam-
metric peak, rising i-t transients were found for which
the total increased with increasing 1. This result con-
trasts sharply. with that found for the (111) surface’.

The linearity of the log i/t vs. i e plots:

 2zFRMN ol It r MEN I E (2)
jE——— R

2

p ol

obtained by analysis of the original i-t transients, Fig.
7.a., was confirmed by the same analysis performed on
the deconvoluted i-t transients, Fig. 7.b.

If the slope ay, in the™:

+ T 2 3
Al 2zFn MN k! (3)
(x ] ==
At P
W02MPBIDAC), + KITMHCI0), + 05MNaCIO), Culln)
logd
2. A Eg= «3E0mVvs P
1) = «E0mYus Po
2.
o
o
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o
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Figure 7. a. Plot of the log(it) vs. t? for transient number 3 in
Fig. 2.

b. Plot of the deconvoluted log(i/t) vs. t for transient number
3in Fig. 2.

is devided by the slope obtained from the lo i/t vrsus
i analysis, Eq.(2) given as:

Ai mANK (4)
(42 D e S e,
At 2303 p?
the result is:
o1 4.606 zFpl (5)
ar M

When this ratios between the slopes ay, obtained
from the rising linear portions of the i-t transients (Fig.
2) and the slopes o obtained from plots of the com-
plete transient (Fig. 7.a.) were plotted against potential
the curve given in Fig. 8.a. was obtained (see Fq.(6)).

This represents the change in the density of de-
posit as the deposition potential is varied. At the same
time, it gives the upper part of the complete tisotherm™
for the UPD deposition of lead.




43

Virtually the same conclusions can be drawn
from the analysis of the i-t transients about the maxi-
mum. Using Taylor series ex pansionzo around tm (the
time at the maximum current) for small displacements
u, the following expression can be derived?!:

i 30 Min i )
- GnR2im———S5 5
1" 1 n zzer pz
and
Lo+ e — 2im _ 5.6 Mz (8)
im 332 2’2}72!3 pz

When this was applied to the deconvoluted i-t
transients the curves shown in Fig. 9. and Fig. 8.b.,
were obtained.

The complete isotherm® and the charges meas-
ured under the peaks obtained in L.S.V. experiments
indicated that the lead UPD on Cu(110) proceeds ba-
sically in two stages: the first stage, identified by the
first voltammetric pealk, Ki, being adsorption onto
preferred sites to give the structure proposed8; the
second stage which actually starts before the first has
been completed and being identified by the second
voltammtric peak, Kz, being a phase transformation
process of the adsorbed layer into a crystalline struc-
ture of close-packed lead.,

The current-time transients obtained by the single
potential pulse technique are consistent with this basic
suggestion. The charge under them increases as the
poltential is made more negative and after the potential
of the maximum of the second voltammtric peak is
exceeded the charge approaches and reaches that
needed for a full close-packed lead monolayer
(2346 10°Asem™ when the double layer charge is
subtracted compared to the ideal value of 310- 107
Ascm™). It remains constant at this value for all poten-
tials more negative than that at the end of the second
voltammetric peak.

The deconvoluted i-t transients have confirmed
that the initiation of the crystalline phase starts alreacly
at potantials within the first voltammitric peak, Fig. 8.a.
and b. and Fig. 9. The density of this phase increases
with increasing negative potential, Fig. 9., until a point
very close to the maximum potential of the second
L.S.V. peak, K2, then it remains constant.

This can also be seen from the data given in the
Fig. 8.a. and b. The limiting values at more negative
potentials are approximately 125- 10° 'Asem?, which is
in good agreement with the value calculated for the
charge needed (122 10°Asem™) for the additional
deposition of material necessaty to convert the existing
epitaxial closest-packed layer” into the close-packed
crystalline layer.

Superposition of the "isotherm" given in Fig. 8.b.
onto the upper part of the complete isotherm® gives a
good fit.
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Figure 8. Variation of the monolayer charge with the applied
potential obtained from responces to single potential steps.
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Figure 9. Variation of the quantity 5.6M%z2F2%p? with potential
from analisys of the i-t transient at the maximum.
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Figure 10. Plot of logNgk? vs. potential, using data from decon-
voluted transient.

Values of (log Nok?) obtained from the slopes of
the deconvoluted i-t transients (see Eq.(9) - Eq.(lZ})l?
were plotted against potential. This produced a linear
relationship, Fig. 10., with a slope of (An /&Iogl’\l(}k2 )
= 30mV/decade, confirming charge transfer control
over the deposition process (Eq.(11) and Eq.(1,2)18.

This, of course, was not the case in 10™'M and
10M lead solutions, where deposition control was
taken over by planar diffusion, Fig. 11.
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Figure 11. i vs. t-1/2 plots for transients obtained from double
potential step experiments using dilute solutions.

These results from potential step experiments
mightat first sight seem contadictory to the conclusions
reached from the L.S.V. measurements® i.e. that the
UPD of lead on Cu(110) most probably involves a
higher order phase transformation. Indeed, all data
obtained by the analysis of the single pulse transients
point to mechanism involving 2D instantaneous nu-
cleation and growth controlled by charge transfer with
the slow step at the edge of the growing centres.

However, it is possible for a higher order 2D
phase transformation to be refelected in i-t transients
with the characteristics just mentioned. A second order
phase transformation, for example, is assumed to pro-
ceed trhough local density changes and their spreading
throughout the entire system™".

If the front of such a local higher density region
is approximated to an advancing boundary belonging
to an irregularly-shaped 2D form, although by defini-
tion it is not sharp as in the case of a first order
transformation, then the incorporation of the less
dense neighbouring material into it will be linearly
proportional to the supply of the material needed.
Since material can be available only by charge transfer
deposition, the process of spreacing of the high-den-
sity patch will be reflected in a linear increase in the
current with time due to the material being deposited
onto the electrode sutface.

The phenomenon of instantaneous nucleation in
such a system can be explained as [ollows. Because of
inhomogeneities in the substrate there will also be
inhomogeneities and density variations in the epitaxial
layer in addition to those produced by transient fluc-
tuations. Therefore it is not difficult to imagine higher
density areas within the UPD monolayer developing
primarily at active sites, most probably dislocations, on
the surface.

Such a process would give density and charge
changes with potential as observed in Fig. 8.a.,b. and
Fig. 9.

On this view, the result obtained from the single
potential step experiments would be consistent with
conclusions reached on the basis of the L.S.V. experi-
mentss.

Going even further, both the L.S.V. and the po-
tential step results put together would lead to the
following explanation:

Lead UPD on the Cu(110) oriented electrode
surface proceeds as a higher order transformation from
the epitaxial structure proposedg, through density fluc-
tuations initiated at active surface sites (most probably
at dislocations of certain activity) and spreading over
the entire surface finally yielding a higher-density,
close-packed crystalline structure.

CONCLUSIONS

Results obtained by potential step experiments in
the case of lead UPD on Cu(110) show that the kinetics
of higher order transformations in 2D systems can be
followed and investigated by electrochemical means.

The combined results obtained by L.8.V.* and by
potential step experiments lead 1o conclusion that:

a- The UPD of lead on the Cu(110) oriented
electrode surface most probably involves a higher-or-
der, 2D-transformation process from the epitaxial clos-
est-packed ]zlyn:er8 into close-packed crystalline lead
monolayer,
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.- The structure of the final UPD deposit is a
close-packed lead monolayer probably distorted to a
certain extent by the structure of the underlying copper
surface.

c.- The UPD lead monolayer formation, in the
case of copper(110) substrates, is an essential precur-
sor to thicker deposits; its influence on the initiation of
the overpotential deposition and its growth mecha-
nism, was shown to be very significant.
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POZITIVNIJIM OD REVERZIBILNOG NA BAKARNO)]
MONOKRISTALNOJ POVRSINI KRISTALOGRAFSKE
ORIJENTACIJE (110)

Jovan N,_IO\-'I(.'LE\'ICI, Alan BEWICK

Chemistry Department, Southempton University, UK,
SO9 5NH

1Sadaénja adresa: Odsek za hemiju, PMF, Univerzitet u
Pristini, 38000 Pristina, Jugoslavija

Ovo je peli iz serije radova u kojima se iznose
rezultati istraZzivanja pocetnih stadijuma elektro-
taloZenja olova (iz acetatnih, nitratnih i perhloratnih
rastvora) na polikristalnom i monokristalnom bakru.

Rad predstavlja rezultate dobijene potenciostat-
skom metodom jednostrukog, dvostrukog i trostrukog
pulsa na monokristalnoj elektrocli povrsinske kristalo-
gralke orijentacije (110) u podrudju potencijala pozi-
tivnijih od reverzibilnog potencijala olova u datoj
sredini.

Jos jednom se uvijerljivo pokazalo da je paZljivo i
uspjesSno poliranje povidine radne elektrode od na-
jveceg znacaja pri ispitivanjima podruéja potencijala
pozitivnijih od reverzibilnog potencijala talozenja/
rastvaranja ispitivanog metala, ukoliko se Zele dobiti
pouzdani kvantitativni i kvalitativni poclaci.

Razli¢iti upotrebljeni anjoni ne utic¢u znacajnije na
kkarakteristike eksperimentalno dobijenih podatalca.

Rezultati dobijeni ciklickom voltametrijom ra-
nije?'m' 12, a posebno rezultati prikazani u ovome radu
dobijeni potenciostatskom pulsnom metodom
omogucuju slijedece zakljucke:

- elektrotaloZenje olova pri potencijalima pozi-
tivnijim od reverzibilnog u ispitivanim rastvorima na
monokristalnim povrsinama bakra kristalografske ori-
jentacije (110) je aktivaciono kontrolisan proces koji
najvjerovatnije ukljuc¢uje i proces dvodimenzione
transformacije viSeg reda iz epitaksijalnog najgusce
pakovanog u gustopakovani kristalni monosloj olova;

- stuktura tog linalnog taloga je gustopakovani
olovni monosloj vjerovatno djelomi¢no izobli¢en
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strukturom bakarne podloge kristalografske orijen-
tacije (110);

- u sluéaju bakarne podloge kristalografske ori-
jentacije (110) elektrotaloZenje olova pri potencijalima
pozitivnijim od reverzibilnog predstavlja neizostavnu
predhodnicu debljim talozima olova i ima znacajan
uticaj na zapocinjanje elektrotaloZenja pri katodnim
prenapetostima.

Navedene zakljucke potvrduje "adsorpciona
izoterma" dobijena iz potenciostatskih podataka elek-
trotaloZenja olova pri potencijalima pozitivnijim od
reverzibilnog i analiza rastucih strujnih odgovora na
potenciostatske pulseva karakteristi¢nili za procese
transformacije viSeg reda u dvodimenzionim fazama.
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ABSTRACT

The underpotential deposition and dissolu-
tion of lead onto carefully chemically polished
single crystal copper (100) electrodes from ace-
tate, nitrate and perchlorate solutions have been
investigated using single and double potential
step techniques.

It appeared that the different anions used
did not change the current-time responses char-
acteristics significantly.

Results obtained by potential step experi-
ments in the case of lead UPD on Cu(100) show
that the kinetics of higher order transformations
in 2D systems can be followed and investigated
by electrochemical means.

The combined results obtained by LS.v.?
and by potential step experiments lead to conclu-
sion that:

a.- The UPD of lead on the Cu(100) oriented
electrode surface appears to be a higher-order

2D-transformation proceeding from a less dense
superlattice structure into a crystalline mono-
layer of much higher density.

b.- The final structure of the lead monolayer
appears to be the closest-packed epitaxial lattice
of the form proposed earlier’.

c.- The UPD lead monolayer formation, in
the case of copper(100) substrates, is an essential
precursor to thicker deposits; its influence on
the initiation of the overpotential deposition and
its growth mechanism, was shown to be very

significant.

The above conclusions are supported by the
"adsorption isotherm" evaluated from the poten-
tiostatic underpotential deposition data and
analysis of the growth transients at constant po-
tential which showed behaviour characteristic of
higher order 2D phase transformation proc-
esses.

Key words: Underpotential deposition, Potentiostatic step, Cu, Pb, Phase formation, Single crystal

INTRODUCTION

Despite extensive studies of metal underpotential
cleposilionl'lz, there have been some important prob-
lems still unresolved. These related principally to the
nature of the monolayer (adsorbed or crystalline), the
interpretation of the linear sweep voltammogram
peaks, phase changes within the monolayer, the kinet-
ics of the crystalline monolayer formation, if any, and
the relevance of the UPD monolayer to the overpoten-
tial deposition process.

The system selected for the study was lead on
copper (111), (110) and (100) oriented single crystal
surfaces. The uderpotential as well as overpotential
deposition and their possible mutual interdependence
were investigated. Chosen substrates possess high hy-
drogen evolution overvoltage and therefore hydrogen
co-adsorption processes do not complicate deposition
of lead.

Linear sweep voltammelwl'g'u, however care-
fully and successfully performed, is not sufficiently
diagnostic tool to characterize underpotential mono-
layers and the possible phase changes taking part
within them. Therefore help from potential step tech-
niques, which are known to provide clear information
on the mechanism of phase formation, was required.
The analysis of the current against time transients,
observed after initiating phase formation at constant
potential using a potential step should yield additional
data on the formation of 2D phase films during UPD.

MATERIALS AND METHODS

The experimental work described in this paper
was done using single, double and triple potential
pulses.
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All potential programming of the working elec-
trocle was supplied either from a potentiostat ("Hi-Tek
Instruments" model DT2101, or two "Chemical Elec-
tronics" models V150/1.5A, TR70/2A) in conjunction
with a "Chemical Electronics" waveform generator
(type R.B.1), ortwo "H.Tinsley and Co." potentiometer
(type 3387B). The waveform generator provided sin-
gle/double potential step.

The cell currents were recorded as voltages on an
XY recorder (types "Bryans 26000" or "Hewlett Packard
7015A"). In potential step experiments of longer dura-
tion, a Yt recorder ("Servoscribe 1s" RE 541.20) was
used to record i-t transients. To observe and record the
current-time transients and other functions too rapid to
be followed on an XY or Yt recorder, oscilloscopes
("Tektronix" 547 or 5030) were employed. However,
permanent records of such transients were obtained
using a "Hi-Tek Instruments" signal averager (type
AA1) asa transient recorder in conjunction with an XY
recorder. This instrument has the ability to sample the
signal-input voltage; converting it into digital form and
storing it in memory having one location for each
sample (256 locations). Since the time between the
samples (e.g. points on an i-t curve) memorized can be
altered atwill, very last transients could be reproduced
from the instrument's memory on a longer time scale
than used for the input of the data, thus enabling an
XY recorder coupled with the signal averager to record
them,

The signal averager was used in the averaging
mode when i-t transients taken in the region of very
small current densities (10 to 10 Acm™) showed
noise levels big enough to obscure the true picture of
the process. This technique relies on the fact that the
time average resulting from the superposition of a
number of identical signals (e.g. i-t transients) each of
which has some random or periodic noise associated
with it, will be the original signal but with the signal to
noise ratio improved. This statement is valid provided
that any periodic noise on the signal is not time locked
to the repetition rate of pulsing (e.g. as would be the
case if the beginning of each pulse coincided with the
same point on the 50Hz mains frequency noise). On
each cycle of the signal, the averager samples the signal
input at fixed time intervals, converts the sampled
voltages into digital form and stores the information in
a memory having one location for each sample. This
sampling process is repeated a preset number of times
"n"; a trigger signal from the waveform generator en-
sures that samples are taken at equivalent points on
each signal. Each new sample is added algebraically to
the value already accumulated in the memory location,
so that the final value stored is equal to "n" multiples
of the average value of the sample taken at that point.
Il one assumes that the electrochemical process itself
produces no random fluctuations in the signal level,
signal content of each sample point is constant and
therefore its contribution to the value stored will in-

crease linearly with "n". However, as "n" increases, the
average value of the noise will approach zero.

The overall signal to noise improvement, (SN,
is given by (SN)p=n"2 Typically in the pulse experi-
ments described here the value of "n" used was 16 or
32.

Two types of cell were used, Fig.1. a) and b). The
cell given in Fig.1.a) was used for most of the potential
step experiments and was made entirely of glass. The
working electrode, C, and Luggin capillary, L, were
positioned in syringe barrels 1o enable adjustment to
give the best positions and mutual distances of the two.
The counter electrode, A, was either a platinum disc or
a platinum mash disc = 1.5 em? in area, positionecd
parallel to the working electrodle.

Figure. 1.a_. The cell used for most of the L.S.V. and poten-
tial step experiments.

The cell in Fig.1.b) was used for potential step
experiments controlled by potentiometers. This cell
was also made entirely of glass. The counter electrode,
A, however, was made ol the metal deposited (surface
area 4.5cnf2; lead "Koch-Light Laboratories Ltd.",
99.999%) and served as a reference electrode at the
same time. The lead disc was pressed into a glass tube
of slightly larger diameter after being wrapped with
very thin (cm) teflon [oil.

Figure. 1.b. The cell used for potential step experiments od
s very long timescale.

Working electrodes were small cylinders of sin-
gle crystal copper ("Metal Research Ltd.", 99.999%)
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~0.8 cm in diameter. These were sealed into Kel-F rod
such that only the top surface of the metal cylinder was
exposed to the solution. Great care was taken to ensure
that no lealkage occurred around the side of the metal
crystal. This was achieved by cooling the cylinder of
copper in liquid nitrogen before mounting in the hol-
low Kel-F rod (drilled for a tight fit at room tempera-
ture), which had been placed in boiling water so that
insertion of the metal and contraction of the plastic
housing ensured a very tight fit. Electrical contact was
made via brass soldered to the copper cylinder. The
reference electrodes housed at the end of the Luggin
capillary were either a saturated calomel (S.C.E. "Radi-
ometer K401") or lead wire ("Koch - Light Laboratories
Ltd.", 99.999%) scaled into the glass holder.

Prior to use all glass-ware was soaked in a mix-
ture containing equal volumes of concentrated nitric
and sulfuric acids to remove any possible traces of
grease, then it was rinsed thoroughly in tap water,
singly distilled and finally wriply distilled water. The
latter was prepared by slow distillation from a weakly
alkaline solution of KMnQO4 and then from solution
containing a trace amount of ortho-H3PO4.

All solutions were made up from Analar grade
chemicals ("B.D.H. Chemicals Ltd." and "Hopkin and
Williams Company", without further purification) in
triply distilled water. Prior to experiment, solutions
were deaerated inside the cell by purging with a stream
of purified oxygen-free nitrogen, for about 30-35 min-
utes. Nitrogen was purified by purging it through a
solution of ammonia metavanadate, hydrochloric acid
and distilled water lying on top of =25g, of amalga-
mated zinc™

The importance of electrode surface preparation
cannot be overstressed in connection with the metal
deposition work. The surface preparation procedures
finally adopted for copper single crystal electrodes
were result of investigating a number of other meth-
ods. Criteria used to judge the success of each method
was based on the best reproducibility of experimental
data and the clearest delineation of various features on
the voltammetric characteristics. The polishing process
consisted of two stages, the first mechanical and the
second chemical.

Firstly, the electrodes were polished on selvyt
cloths ("Buchler Ltd. ") 1mpregn'1ted with alumina
("Buchler Lid." 5-107%cm 'mcl 3.10"cm g,mdc, and
"Banner scientific Ltd." 1 10 cm and 3- 10”°cm grade).
Initially the largest grade was used and then progres-
sively smaller ones down to the smallest, until the
electrode had a mirror-like appearance free from
scratches or blemishes. These mechanical polishing
steps were always performed manually rather than on
a polishing machine, which was less convenient to use.
Before each experiment copper single crystal elec-
trodes were chemically polished usmﬁg a modified ver-
sion of a process described elsewere

The (100) oriented single crystal was immersed
in the acid mixture heated to 70°C, and alternately kept
still and stirred every 3 seconds four times. Then it was
rinsed with tap water and eventually with triply dis-
tilled water. Thereafter the procedure was the same as
that previously described for the (111) and (110) cop-
per surface orientation””!

Examinations of the polished electrode surfaces
under microscope and with X-ray emission spectro-
scopy revealed no contaminating elements except very
minute particles of alumina, but these were very few
in number (on the sample investigated one p.lmde of
alumina was found in an area of about 0.25cm?).

The amount of the copper dissolved in this
chemical polishing process was relatively small. A sin-
gle crystal polished several hundred times would lose
35% of its volume.

The investigation of a particular electrode solu-
tion combination always started with linear sweep
voltammetry.

The voltammogram itself was a direct indication
of the nature of the electrode surlace and consequently
could be used to assess the degree to which the pol-
ishing had been successful in producing a well-defined
surface. For any particular system, repeated linear
sweep experiments were performed before any addi-
tional measurements were made in order to establish
an arbiter to which all future voltammetry could be
referred. Potential step measurements were made only
if the linear sweep voltammetry was identical or very
close to the accepted arbitrary standard, which was the
clearest delineation of the voltammetric features.

The cell complete with working electrode (not
yet finally mechanically polished) was rinsed thor-
oughly in tap, and triply distilled water. Then the cell
was rinsed with the solution being used and finally
filled with it. This was lollowed by deaeration with a
rapid stream of nitrogen (scrubbed by a vanadous ion
mixture) for about 35 minutes. During this process the
working electrode was polarized at a potential some-
what positive to that where U.P.D. began. After the
deaeration period, the working electrode was re-
moved from the cell and finally mechanically polished
as described earlier and after thorough rinsing was
placed back in the cell. Gas purging was continued in
the cell scaled with a syringe piston while the final
mechanical polishing was performed. It was resumed
foran additional 5-10 minutes after the freshly polished
working electrode had been put into the cell. The
process of polarizing the electrode during the gas
purging acted as a mild pre-electrolysis method and
impurities were removed from the solution. That this
was the case could be seen by carrying out voltam-
metry with the electrode at the end of the degassing
period without chemical polishing, when markedly
inferior results were obtained. Before the actual LS.V.
was recorded the cell was sealed off from the air by
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tight rubber covers being placed on the gas inlet and
outlet.

Single and double potential steps could be ap-
plied to the working electrode, both in the UPD and
the OPD regions, either by switching from channel A
to channel B or on the "Hi-Tek Instruments" poten-
tiostat (if the potential steps were of longer duration),
or with the waveform generator RB1 in conjunction
with a potentiostat. If the pulse train was employed,
the dissolution pulse was always at least ten times the
length of the deposition one, to ensure steady state
conditions.

The fact that both the "Hi-Tek Instruments" po-
tentiostat and the waveform generator had a facility for
providing double step, allowed triple step experiments
to be performed when the two were connected.

If potential step responses were not varying rap-
idly with time, the transients were recorded directly
onto a Yt or XY recorder with time base supplied from
the signal averager. When this was not possible, the
averager was used to store and average current tran-
sients that could then be played back onto recorder.

When long duration potential step experiments
in the UPD region were performed, two potentiome-
ters with stable battery power supplies ("EXIDE"
LCP13) were used to provide the working electrode
with the desired potential. Potentiometers were con-
nected to the electrode through a make-before-break
switch, which enabled the choice of two preset poten-
tials. The cell current was monitored with a battery
driven Current picoampermeter ("Leve]" D.C. Multime-
ter type TM 9B) and recorded on a Yt recorder,

RESULTS

Copper single crystal with (100) oriented surface,
was examined in solutions containing three different
anions ( perchlorate, acetate and nitrate), and four
different lead concentrations:

XM PB(OAC)2+10"°M HOAC+0.5M NaOAC 10 *Msx<107IM
XMPbO  +10 31\'_IHC104+0 SM NaClO4 10 Msx< 107'M
XM PB(OAC)2+10™ M HCIO4 +0.5M NaClog 10 Msx<10"'m
XM PB(OAC)2+10 M HClO4+0.5M NaNO3 107 M<x<10"'M

This relatively wide variation in solution compo-
sition and concentration was necessary to understand
all the variables affecting the UPD.

The composition and pH of the solutions used
was decided on the basis of knowledge gathered on
the subject 1516 Without added acid, the pH of the
solutions was effectively neutral ( pH =5.2-5.5), and
in such a situation:

PO + H20 + 2e- <= Pb+20H ;E®=-819mV vs.S.C.E.

Therelore:

: 1
Epb/pbo = - 819 + 29.5 log ————;
[OH ]
which for different pH yields:
pH =7 Epb/pbo = - 406mV vs. S.C.E.
pH =54 Epb/rho = - 312mV vs. S.C.E.
pH=3 Epb/ebo = - 170mV vs. S.C.E.

The porenml region in which lead UPD is ob-
served in 10™M lead solution on copper spans approxi-
mately between - 240 and - 340mV vs. S.C.E. provided

that a p,™ =[Pb+3] . Solutions were acidified to pH = 2
- 3 in order to push the potential Eppy/pho sufficiently
anodic to the UPD potential region of investigation,
thus assuring conditions with no interference from
PbO formation.

The single potential step results

After L.S.V. had been recorded the potential of
the working electrode was changed in a step [rom the
starting value, Es, to a new value, 1, in the region of
UPD as indicated by the beginning of the voltammetric
peak and the onset of bulk deposition (see Fig. 2.).
Single potential steps applied in the region of lead UPD
on the Cu(100) surface produced i-t transients typically
of the form given in Fig. 2.
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Figure. 2.Current-time responces to single potential steps
applied in lead UPD.

The double potential step results

Double potential step experiments using values
of 11 at the beginning of the first voltammetric peak
and of a short duration, helped little to obtain better
defined rising transients in the second pulse, 12, Fig.
3.,a.and b. However, when 11 and 11 were increased,
the i-t transients in the second pulse showed clear
characteristics of phase formation, Fig. 4. Asin lhe case
of similar experiments performed on Cu(110'] this
seems to be a good way to separate, to a certain exlem,
the two processes taking part in lead UPD on Cu(100),
adsorption leading to a superllatice structure (mainly
during the first pulse) and phase formation leading to
a full crystalline monolayer (mainly in the second
pulse).
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Figure. 3.Current-time transients for double potential steps.
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Figure. 4.Current-time transients for double potential steps.

DISCUSSION

If the potential of the pulse, , was in the region
of the L.S.V. peak more anodic than the peak potential
Kz, then monotonously falling i-t transients were ob-
tained. The charge passed increased as the potential
was made more cathodic. The charge reached a limit-
ing value, approximately 282: 10" Asem™ and close to
that needed for the deposition of the full monolayer
recorded in the L.S.V. experiments (276 10°° Ascm 5
only when n was equal to or more cathodic than Ka.
Rising portions of the transients indicate a nucleative,
two-dimensional phase formation process.

Analysis of the monotonously falling current ver-
sus time transients showed a linear relationship be-
tween i and /2 ( Eq. '3, This is most simply
accounted for by diffusion controlled random adsorp-
tion of lead species onto [avorable sites'” , Fig. 5.

2,
L Culiod)

Eg=+385nVv.s Pb
7 =+65mVys Fb

§ i 3 # F3 £ ] [ Ha
Figure. 5.Plot of i versus t "2 for i-t transient number 3 in
Fig. 2

An indication that the rising portions of the origi-
nal i-t transients might be linear, Fig. 6.a., was con-
firmed by the analysis performed on the deconvoluted
transients, Fig. 6. b.
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Figure. 6.a.Enlarged rising portion of i-t transient number 3
in Fig. 2.
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Figure. 6.b.Enlarged rising portion of the deconvoluted i-t
transient number 3 in Fig.2.

The original transients were also plotted as
log(i/t) vs. t as in Fig. 7. These were approximately
linear but the linearity was even better for the decon-
voluted transients.
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Figure. 7.Plot of log(i/t) vs. t2 for i-t transient number 3 in
Fig. 2
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Figure. 8.The originally reacorded a.) and the deconvoluted
b.) i-t transients for single potential steps.

The set of deconvoluted transients (Fig. 8.a., b.)
was analyzed about the maxima (Eq. (7) and &),
These plots give values for density of the layer which
vary greatly with potential, Fig. 9.
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Figure. 9.Monolayer charge and density change with poten-

tial obtained from analysis around the maxima of the i-t tran-
sients.

The slopes of the rising portion of the deconvo-
luted transients were used to evaluate Nokz. The plot
of log(Nok2) vs. 1 ( see Eq. (3) - (8), using Qc100)=
234- 10 Ascm'z, gave a linear relationship with a slope
of 30mV/decade, Fig. 10.
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Figure. 10.Plots of logNok? vs. potential obtained from de-
convoluted transients.

Comparison with the results obtained in the same
system from L.S.V. experiment59, Fig. 5 and Fig. 6.,
shows that the charge at the constant portion of Fig. 9.,
(164- 10 Asem™), is in good agreement with the
charge of the second voltammetric peak, Kz, (180 10°
Asem™). The data of Fig. 9. Shows a continuous in-
crease in the monolayer density with potential, starting
from the potentials region of the first L.S.V. peak, Kj,
until potentials near the end of the second voltammet-
ric peak, K2, when it becomes constant. The shape of
this function suggests a continuous phase transforma-
tion from a structure of relatively small density into a
structure of higher constant density.

By comparison with the results and analysis al-
ready &iven for deposition on the (111)"'° and
(110'}8' substrates, it can be concluded that the data
given above is due to a higher order 2D phase trans-
formation. The superlattice adsorbed structure, pro-
posec|9 in Fig. 5. (position A occupied by lead particles)
transforms, through locally initiated higher density
fluctuations (most probably induces at active surface
sites produced by dislocations) after the supply of
material needed is secured by charge transfter control-
led reaction, into 2D epitaxially closest-packed lead
monolayer proposedg. The increase in the density and
the amounts of additional material needed to produce
the crystalline epitaxial structure can be followed by
the relationship given in Fig. 9.

Single potential step experiments performed in
10™M Lead solutions yielded monotonously falling i-t
functions, Fig. 11., which gave linear plots of i versus
s showing once more that the kinetics of lead UPD
on Cu(100) is fast enough to run into planar diffusion
control! relatively soon in diluted lead solutions.
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Figure. 11.Current-time transients for single potential steps
in diluted lead solutions.

CONCLUSIONS

Results obtained by potential step experiments in
the case of lead UPD on Cu(100) show that the kinetics
of higher order transformations in 2D systems can be
followed and investigated by electrochemical means.

The combined results obtained by L.8.v? and by
potential step experiments lead to conclusion that:

a.- The UPD of lead on the Cu(100) oriented
electrode surface appears to be a higher-order 2D-
transformation proceeding from a less dense superlat-
tice structure into a crystalline monolayer of much
higher density.

b.- The final structure of the lead monolayer
appears to be the closest-packed epitaxial lattice of the
form proposed catlier’.

c.- The UPD lead monolayer formation, in the
case of copper(100) substrates, is an essential precur-
sor to thicker deposits; its influence on the initiation of
the overpotential deposition and its growth mecha-
nism, was shown to be very significant.
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STUDIJA POCETNOG STADIJUMA ELEKTO-
TALOZENJA OLOVA NA BAKRU - VI DIO.
REZULTATI DOBIJENI POTENCIOSTATSKIM PUL-
SEVIMA: ELEKTOTALOZNJE PRI POTENCIJALIMA
POZITIVNIJIM OD REVERZIBILNOG NA BAKARNO)]
MONOKRISTALNO] POVRSINI KRISTALOGRAFSKE
ORIJENTACIJE (100)

Jovan N. Jovicevic!, Alan BEwick

Chemistry Department, Southempton University, UK,
SO9 SNH

ISadaEnizl adresa: Odsek za hemiju, PMF, Univerzilet u
Pristini, 38000 Pristina, Jugoslavija

Ovo je Sesli iz serije radova u kojima se iznose
rezultati istraZivanja pocetnih stadijuma elektro-
taloZenja olova (iz acetatnih, nitratnih i perhloratnih
rastvora) na polikristalnom i monokristalnom bakru.

Rad predstavlja rezultate dobijene potenciostat-
skom metodom jednostrukog, dvostrukog i trostrukog
pulsa na monokristalnoj elektrodi povrdinske kristalo-
gratke orijentacije (100) u podrucju potencijala pozi-
tivnijih od reverzibilnog potencijala olova u datoj
sredini.
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Jo§ jednom se uvijerljivo pokazalo da je paZljivo i
uspjesno poliranje poviSine radne elektrode od na-
jveceg znacaja pri ispitivanjima podrucja potencijala
pozitivnijih od reverzibilnog potencijala talozenja/
rastvaranja ispitivanog metala, ukoliko se Zele dlobiti
pouzdani kvantitativni i kvalitativni podaci.

Razli¢iti upotrebljeni anjoni ne uti¢u znacajnije na
karakteristike eksperimentalno dobijenih podataka.

Rezultati dobijeni cikli¢ckom voltametrijom ra-
nijel‘g‘lz, a posebno rezultati prikazani u ovome radu
dobijeni potenciostatskom pulsnom metodom omo-
guduju slijedece zakljucke:

- elektrotaloZenje olova pri potencijalima pozi-
tivnijim od reverzibilnog u ispitivanim rastvorima na
monokristalnim povrsinama bakra kristalografske ori-
jentacije (100) je aktivaciono kontrolisan proces koji
najvjerovatnije ukljucuje i proces dvodimenzione
transformacije viSeg reda iz epitaksijalnog manje gus-
tog sloja ranije predloZene superstrukture” u gustopak-

ovani epitaksijalni mnogo gusci kristalni monosloj
olova;

- stuktura tog finalnog taloga je gustopakovani
epitaksijalni olovni monosloj vierovatno djelomi¢no
izobli¢en strukturom bakarne podloge kristalografske
orijentacije (100);

- u slucaju bakarne podloge kristalogralske ori-
jentacije (100) elektrotaloZenje olova pri potencijalima
pozitivnijim od reverzibilnog predstavlja neizostavnu
predhodnicu debljim talozima olova i ima znacajan
uticaj na zapocinjanje elektrotaloZenja pri katodnim
prenapetostima.

Navedene zakljucke potvrduje "adsorpciona
izoterma" dobijena iz potenciostatskih podataka elek-
trotaloZenja olova pri potencijalima pozitivnijim od
reverzibilnog i analiza rastucih strujnih odgovora na
potenciostatske pulseva karakteristi¢nih za procese
transformacije viseg reda u dvodimenzionim fazama.

Received: December, 1997.
Accepted: January, 1998,
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A Study of the Initial Stages of the Electrochemical
Deposition of Lead on Copper - PART VIL

The Potential Step Results: Overpotential Deposition on
(111), (110) and (100) oriented Copper Single Crystal
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ABSTRACT

The overpotential deposition and dissolu-
tion of lead onto carefully chemically polished
single crystal copper (111), (110) and (100) elec-
trode from acetate, nitrate and perchlorate solu-
tions have been investigated using single, double
and triple potential step techniques.

It appeared that the different anions used
did not change the current-time responses char-
acteristics significantly.

The UPD lead monolayer formation, in the
case of copper (111), (110) and (100) substrates,
is an essential precursor to thicker deposits; its
influence on the initiation of the overpotential
deposition and its growth mechanism, was
shown to be very significant.

The charge corresponding to the UPD
monolayer of lead (=280 10°%Asem® for Cu(111),
~340- 10%Ascm? for Cu(110) and =300- 10 %Ascm”
2 for Cu(100) oriented substrate) was observed
under the very initial fall-off seen on the current-
time transients obtained at very short times, pre-

ceding the current-time relationships for the
overpotential deposition.

Indication of a rising i-t transient reflecting
bulk lead deposition on Cu(111) were usually
observed at n = -6mVvs.Pb (some carefully pre-
pared experiments revealed that overpotentials
of n = -4mVvs.Pb and 1 = -5mVvs.Pb could pro-
duce the same results), in the case of the Cu(100)
electrode, it was 12 = -6mVvs.Pb, while an over-
potential of 1z = -6mVvs.Pb was needed for simi-
lar effects on Cu(110).

The observed i vs. t* linearity corresponds
to 3D instantaneous nucleation of lead on top of
the previously formed UPD monolayers and the
further growth of the 3D centres. The results
show no appreciable 3D nucleation occurring
until the monolayer is completed. The very small
3D nucleation overpotentials recorded, varying
in the order n111) < 1(100) <N(110) must be due to
the influence of these layers.

Key words: Overpotential deposition, Potentiostatic step, Cu, b, Phase formation, Single crystal

INTRODUCTION

The history of electrochemical metal deposition
is no younger than the history of electrochemistry. It
was a subject of theoretical as well as experimental
research as early as 1834, Nevertheless, explanations
for many of the phenomena involved are still not
available. This is still particularly true for the deposition
of metals on foreign substrates, where only relatively
recently the phenomenon of a deposition occurring at
more positive potentials than that of the bulk of the
deposited metal/metal ion electrode - underpotential
deposition has been closely investigated.

The knowledge gathered about metal deposition
s0 far strongly suggests that the deposition of a metal
on a similar substrate and on a dissimilar substrate,
although having many features in common, does ex-

hibit important differences. Nevertheless, an elec-
trodeposition process could be divided basically into
two parts™

- adatom formation,

- phase formation and electrocrystallization.

An adatom formation process includes:

a) transport of a solvated cation from the bulk of
the electrolarte to the electrode/electrolyte interfacial
bounclzuyz' ‘]2,

b) charge exchange between the electrode and
the cation (reduction), accompanied by partial
desolvation of the ion®3”"1%, This provides an almost
neutral and partly desolvated particle adsorbed at the
electrode surface (adatom or aclion) and able to move
laterally over the surface.
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Phase formation and electocrystallization include
incorporation of adatoms (adions) into already exist-
ing crystal lattice, or their galllerin% together to form
nuclei of a new crystal lattice™” 81 1-17-

In reality, these two main groups of processes are
so interdependent and mixed in time that it is very
difficult to separate, evaluate and follow their individ-
ual contributions to the overall process.

Despite extensive studies of metal underpotential
deposition there have been some important problems
still unresolved. These related principally to the nature
of the monolayer (adsorbed or crystalline), the inter-
pretation of the linear sweep voltammogram peaks,
phase changes within the monolayer, the kinetics of
the crystalline monolayer formation, if any, and the
relevance of the UPD monolayer to the overpotential
deposition process.

The system selected for the study was lead on
vitreous carbon. The uderpotential as well as overpo-
tential cdeposition and their possible mutual interde-
pendence were investigated. Chosen substrate
possesses high hydrogen evolution overvoltage and
therefore hydrogen co-adsorption processes do not
complicate deposition of lead.

MATERIALS AND METHODS

The experimental work described in this paper
was done using single, double and tiple potential
pulses.

All potential programming of the working elec-
trode was supplied either from a potentiostat ("Hi-Tek
Instruments" model DT2101, or two "Chemical Elec-
tronics" models V150/1.5A, TR70/2A) in conjunction
with a "Chemical Electronics" waveform generator
(type R.B.1), or two "H.Tinsley and Co." potentiometer
(type 3387B). The wavetform generator provided sin-
gle/double potential step.

The cell currents were recorded as voltages onan
XY recorder (types "Bryans 26000" or "Hewlett Packard
7015A"). In potential step experiments of longer dura-
tion, a Yt recorder ("Servoscribe 15" RE 541.20) was
used to record i-t transients. To observe and record the
current-time transients and other functions too rapid to
be followed on an XY or Yt recorder, oscilloscopes
("Tektronix" 547 or 5030) were employed. However,
permanent records of such transients were obtained
using a "Hi-Tek Instruments" signal averager (type
AAT) as a transient recorder in conjunction with an XY
recorder. This instrument has the ability to sample the
signal-input voltage; converting it into digital form and
storing it in memory having one location for each
sample (256 locations). Since the time between the
samples (e.g. points on an i-t curve) memorized can be
altered at will, very fast transients could be reproduced
from the instrument's memory on a longer time scale
than used for the input of the data, thus enabling an
XY recorder coupled with the signal averager to record
them.

The signal averager was used in the averaging
mode when i-t transients taken in the region of very
small current densities (10° to 10” Acm™) showed
noise levels big enough to obscure the true picture of
the process. This technique relies on the fact that the
time average resulling from the superposition of a
number of identical signals (e.g. i-t transients) each of
which has some random or periodic noise associated
with it, will be the original signal but with the signal to
noise ratio improved. This statement is valid provided
that any periodic noise on the signal is not time locked
to the repetition rate of pulsing (e.g. as would be the
case if the beginning of each pulse coincided with the
same point on the 50Hz mains frequency noise). On
each cycle of the signal, the averager samples the signal
input at fixed time intervals, converts the sampled
voltages into digital form and stores the information in
a memory having one location for each sample. This
sampling process is repeated a preset number of times
"n"; a trigger signal from the wavelorm generator en-
sures that samples are taken at equivalent points on
each signal. Each new sample is added algebraically to
the value already accumulated in the memory location,
so that the final value stored is equal to "n" multiples
of the average value of the sample taken at that point.
If one assumes that the electrochemical process itself
produces no random fluctuations in the signal level,
signal content of each sample point is constant and
therefore its contribution to the value stored will in-
crease linearly with "n". However, as "n" increases, the
average value of the noise will approach zero.

The overall signal to noise improvement, (SN);,
is given by (SN)a=n""2 Typically in the pulse experi-
ments described here the value of "n" used was 16 or
32.

Two types of cell were used, Fig.1. a) and b). The
cell given in Fig.1.a) was used for most of the potential
step experiments and was made entirely of glass. The
working electrode, C, and Luggin capillary, L, were
positioned in syringe barrels to enable adjustment 1o
give the best positions and mutual distances of the two.
The counter electrode, A, was either a platinum disc or
a platinum mash disc 1.5 ecm?® in area, positioned
parallel to the working electrode.

The cell in Fig.1.b) was used for potential step
experiments controlled by potentiometers. This cell
was also made entirely of glass. The counter electrode,
A, however, was made of the metal deposited (surface
area 4.5cm’; lead "Koch-Light Laboratories Ltd.",
99.999%) and served as a reference electrode at the
same time. The lead disc was pressed into a glass tube
of slightly larger diameter after being wrapped with
very thin (1- 10" cm) teflon foil.

Working electrodes were small cylinders of sin-
gle crystal copper ("Metal Research Ltd.", 99.999%)
~0.8cm in diameter. These were sealed into Kel-F rod
such that only the top surface of the metal cylinder was
exposed to the solution. Great care was taken to ensure
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Figure 1.a. The cell used for most of the L.S.V. and poten-
tial step experiments.

Figure 1.b. The cell used for potential step experiments on a
very long timescale.

that no leakage occurred around the side of the metal
crystal. This was achieved by cooling the cylinder of
copper in liquid nitrogen before mounting in the hol-
low Kel-F rod (drilled for a tight fit at room tempera-
ture), which had been placed in boiling water so that
insertion of the metal and contraction of the plastic
housing ensured a very tight fit. Electrical contact was
made via brass soldered to the copper cylinder. The
reference electrodes housed at the end of the Luggin
capillary were either a saturated calomel (S.C.E. "Radi-
ometer K401") or lead wire ("Koch - Light Laboratories
Ltd.", 99.999%) scaled into the glass holder.

Prior to use all glass-ware was soaked in a mix-
ture containing equal volumes ol concentrated nitric
and sulfuric acids to remove any possible traces of
grease, then it was rinsed thoroughly in tap water,
singly distilled and finally triply distilled water. The
latter was prepared by slow distillation from a weakly
alkaline solution of KMnO4 and then from solution
containing a trace amount of ortho-H3PO4.

All solutions were made up from Analar grade
chemicals ("B.D.H. Chemicals Ltd." and "Hopkin and
Williams Company", without further purification) in
triply distilled water. Prior to experiment, solutions
were deaerated inside the cell by purging with a stream
of purified oxygen-free nitrogen, for about 30-35 min-

utes. Nitrogen was purified by purging it through a
solution of ammonia metavanadate, hydrochloric acid
and distilled water lying on top of ~25g, of amalga-
mated zinc'®.

The importance of electrode surface preparation
cannot be overstressed in connection with the metal
deposition work. The surface preparation procedures
finally adopted for copper single crystal electrodes
were result of investigating a number of other meth-
ods, Criteria used to judge the success of each method
was based on the best reproducibility of experimental
data and the clearest delineation of various features on
the voltammetric characteristics. The polishing process
consisted of two stages, the first mechanical and the
second chemical.

Firstly, the electrodes were polished on selvyt
cloths ("Buchler Ltd.") impregnated with alumina
("Buchler Lid." 5-10"cm and 310 cm grade, and
"Banner scientific Ltd." 110> ¢m and 3-10° cm
grade). Initially the largest grade was used and then
progressively smaller ones down to the smallest, until
the electrode had a mirror-like appearance free from
scratches or blemishes. These mechanical polishing
steps were always performed manually rather than on
a polishing machine, which was less convenient touse.
Before each experiment copper single crystal elec-
trodes were chemically polished usinﬁ)a modified ver-
sion of a process described elsewere™”.

The (111) oriented single crystal was immersed
for 3 seconds in the acid mixture heated to over 75°C
while stirring, left without stirring for another 3 sec-
onds, then stirred and again leflt still for 3 seconds,
finally the solution was stirred, the electrode removed
and washed under a strong stream of tap water and
eventually in triply distilled water. The whole proce-
dure was repeated a second time. Then the electrode
would be immersed in 30 vol.% solution of othophos-
phoric acid and stirred for 10 seconds, washed in tap
water and finally with plenty of triply distilled water. If
gas evolution occurred on the electrode immersed in
the polishing mixture earlier than 3 seconds, then the
time which the electrode spent standing still was made
shorter,

The (110) oriented single crystal was immersed
in the acid mixture heated to 65°C, alternately standing
still and stirred every 4 seconds for 4 times. Then it was
rinsed with tap water and eventually with triply dis-
tilled water. Thereafter the procedure was the same as
that previously described for the (111) orientation.

The (100) oriented single crystal was immersed
in the acid mixture heated to 70°C, and alternately kept
still and stirred every 3 seconds four times. Then it was
rinsed with tap water and eventually with triply dis-
tilled svater. Thereafter the procedure was the same as
that previously described for the (111) and (110) cop-
per surface orientation.

Examinations of the polished electrode surfaces
under microscope and with X-ray emission spectros-
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copy revealed no contaminating elements except very
minute particles of alumina, but these were very few
in number (on the sample investigated one patticle of
alumina was found in an area of about 0.25cm?).

The amount of the copper dissolved in this
chemical polishing process was relatively small. A sin-
gle crystal polished several hundred times would lose
35% of its volume.

The investigation of a particular electrode solu-
tion combination always started with linear sweep
voltammetry.

The voltammogram itself was a direct indication
of the nature of the electrode surface and consequently
could be used to assess the degree to which the pol-
ishing had been successful in producing a well-defined
surface. For any particular system, repeated linear
sweep experiments were performed before any addi-
tional measurements were made in order to establish
an arbiter to which all future voltammetry could be
referred. Potential step measurements were made only
if the linear sweep voltammetry was identical or very
close to the accepted arbitrary standard, which was the
clearest delineation of the voltammetric features,

The cell complete with working electrode (not
yet finally mechanically polished) was rinsed thor-
oughly in tap, and triply distilled water. Then the cell
was rinsed with the solution being used and finally
fillec with it. This was followed by deaeration with a
rapid stream of nitrogen (scrubbed by a vanadous ion
mixture) for about 35 minutes. During this process the
working electrode was polarized at a potential some-
what positive to that where U.P.D. began. After the
deaeration period, the working electrode was re-
moved from the cell and finally mechanically polished
as described earlier and after thorough rinsing was
placed back in the cell. Gas purging was continued in
the cell scaled with a syringe piston while the final
mechanical polishing was performed. It was resumed
foranadditional 5-10 minutes alter the freshly polished
working electrode had been put into the cell. The
process of polarizing the electrode during the gas
purging acted as a mild pre-electrolysis method and
impurities were removed from the solution. That this
was the case could be seen by carrying out voltam-
metry with the electrode at the end of the degassing
period without chemical polishing, when markedly
inferior results were obtained. Before the actual L.S.V.
was recorded the cell was sealed off from the air by
tight rubber covers being placed on the gas inlet and
oullet.

Single and double potential steps could be ap-
plied to the working electrode, both in the UPD and
the OPD regions, either by switching [rom channel A
to channel B or on the "Hi-Tek Instruments" poten-
tiostat (il the potential steps were of longer duration),
or with the waveform generator RBI in conjunction
with a potentiostat. If the pulse train was employed,
the dissolution pulse was always at least ten times the

length of the deposition one, to ensure steady state
conditions.

The fact that both the "Hi-Tek Instruments" po-
tentiostat and the waveform generator had a facility for
providing double step, allowed triple step experiments
to be performed when the two were connected.

If potential step responses were not varying rap-
idly with time, the transients were recorded directly
onto a Yt or XY recorder with time base supplied from
the signal averager. When this was not possible, the
averager was used to store and average current tran-
sients that could then be played back onto recorder.

When long duration potential step experiments
in the UPD region were performed, two potentiome-
ters with stable battery power supplies ("EXIDE"
LCP13) were used to provide the working electrode
with the desired polential. Potentiometers were con-
nected to the electrode through a make-before-break
switch, which enabled the choice of two presel poten-
tials. The cell current was monitored with a battery
driven Current picoampermeter ("Level" D.C. Multime-
ter type TM 9B) and recorded on a Yt recorder.

RESULTS

Copper single crystals with (111), (110) and (100)
oriented surfaces, were examined in solutions contain-
ing three different anions ( perchlorate, acetate and
nitrate), and four different lead concentrations:

XM Pb(OAC)2 + 10"2M HOAG + 0.5M NaOAC 10-f1M <x<10'M
xM PhO +107M HClO4 + 0.5M NaClO4 10'5msxs 10" M
XM PB(OAC)2 + 10 "M HCIO4 + 0.5M NaClO4 10 M<x < 10" 1M
XM PI(OAC)?2 + 10'3M1-ICI04 +0.5M NaNO3 107M<x<107M

This relatively wide variation in solution compo-
sition and concentration was necessary to understand
all the variables affecting the UPD and OPD intercle-
pendence. :

The composition and pH of the solutions used
was decided on the basis of knowledge gathered on
the subjecll’ls‘w'ﬂ. Without added acid, the pH of the
solutions was effectively neutral ( pH =5.2-5.5 ), and
in such a situation:

PbO + H20 + 2e- <= Pb + 20H-:E°=-819mV vs. S.C.E

Therefore:

Emy =819+ 29.5 log 5
[OHT®

which for dilferent pH yields:

pH=7 Epb/rbo = - 406mV vs. S.C.E.
pH=54 Epb/rbo = - 312mV vs. S.C.E.
pH=3 Epb/pbo = - 170mV vs. S.C.E.
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The potemml region in which lead UPD is ob-
served in 10°M lead solution on copper spans approxi-
mately between - 240 and - 340mV vs. S.C.E ( provided

that app™ = [ Pb*?] . Solutions were acidified to pH = 2
- 3 in order to push the potential Eph/pbo sufticiently
anodic to the UPD potential region of investigation,
thus assuring conditions with no interference from
PbO formation.

Single, double and triple potential steps were
used on copper single crystal electrodes in an attempt
o examine the possible interdependence between the
underpotential deposition (UPD) and the overpoten-
tial deposition (OPD) of lead.

In the single potential step experiments the work-
ing electrode potential was changed from a starting
value, Es, well anodic to the UPD monolayer formation
potential, to an overpotential value, ni, sufficiently
cathodic to induce and sustain overpotential lead
deposition.

Double potential steps involved a potential
change from Es anodic to the lead UPD region to the
reversible bulk potential, i, (or a litde anodic to it)
follosed by step from 1 to n2 entering the overpoten-
tial region ol lead bulk deposition.

The triple potential step usually consisted of three
pulses:

1.- A potential step from gS to a value n asin the
double step methocd.

2.- A nucleation overpotential step, m, of dura-
tion, t1.

3.- A growth pulse, n3, less cathodic than nz but
high enough to preserve the growth of nuclei formed
during the previous nucleation pulsc.

Virtually the same shaped current-time transients
were obtained when smgle or double potenrml step%
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Figure 2.a. Current-time transients for single potential steps.

were applied, Fig. 2.a. and b. respectively.

In lhc ilut case, the monolayer charge ol about
280- 10" °Asem™ (for the Cu(111) oriented subctrate")
was provided by the very initial fall-off seen on the
current-time transients obtained at very short times.
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Figure 2.b. Current-time responses to double potential steps.

In the second case, approximately the same
charge (corresponding to the UPD of lead) could be
observed under the i-t transient, preceding the current-
lime relationships for the overpotential deposition.

The same was true for the other two substrale
orientations, except that the initial charge would match
that required for the UPD monol: lYel Fommnon on the
correspondin, suu.\ce('v% 40- 10 Asem™ for C u(110)*
and =300 107 Asem™ 2 for Cu(100)%3).

The characteristics of these i-t transients did not
change significantly when different lead concentra-

tions or different anions were used, Fig. 3.a. and b. Of

course, the planar diffusion controlled plateau current
was reached earlier in the case of the less concentrated
solutions.
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Figure 3. Current-time transients obtained from double
pulse experiments,
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Single and double potential step experiments on
all three of the single crystals yielded relatively fast
rising i-t transients of the same shape, once a certain
characteristic overpotential had been overcome, Fig.
4.a., b.and c.
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When the current-time relationships for long
overpotential deposition pulses were recorded on a
more sensitive current setting, they revealed that the
bulk deposition commences at very low overpoten-
tials®% on all three copper substrates (-4 to -6mV vs.
Ph), Fig. 5.a., b. and c.
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The triple potential step experiments strength-
ened this conclusion. On the (111) and (100) oriented
substrates a nucleation pulse n111)= -8mVvs.Pb and
M2c100)= -10 mVvs.Pb lasting t1(111)= 0.3s and 11(100)=
0.3s, were enough to enable the formation of small
number of nuclei capable of growing further at only
M311n= -3mVvs.Pb and n3(100)= -4 mVvs.Pb (Fig. 6.a.
and b.). At the same time, a nucleation overpotential
nie= -10mVvs.Pb for only a slightly longer time,
T1110)= 15, was needed to produce the same effect for
a growth pulse n31100= -5mV vs. Pb on the (110)
oriented copper substrate, Fig. 6.c.
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Ata constant value of the nucleation pulse ampli-
tude, 11, an increase in its duration, 11, produced an
increase in the growth currents, Fig. 7. As did an
increase in the growth potential.

Generally speaking, with overpotential values
ranging between zero and the nucleation overpoten-
tial characteristic ol each surface examined, a small
finite background current could be observed, but this
did not rise with time within the observation period
(up to 60 min).

All current-time transients were found to be very
sensitive to small changes in overpotential: an increase
of ImV in overpotential causes the gradient to increase
by factor of 2-3, 5 and 8 for (100), (111) and (110)
oriented substrates, respectively.

Indication of a rising i-t transient reflecting bulk
lead deposition on Cu(111) were usually observed at
n = -6mVvs.Pb, Fig. 4.a., although some carefully pre-
pared experiments revealed that overpotentials of 1=
-4mVvs.Pb and n=-5mVvs.Pb could produce the same
results.

In the case of the Cu(100) electrode, it was found
that mp= -6mVvs.Pb is usually a sufficiently high over-
potential to provoke lead bulk deposition, Fig. 5.c.,
while an overpotential of 2= -6mVvs.Pb was needed
for similar effects on Cu(110), Fig. 5.b.

DISCUSSION

The analysis of the i-t transients due to single and
double potential steps, Fig. 2. to Fig. 4., yielded linear
plots for i vs. %) Fig. 8.a. and b. The same type of
linearity was obtained for the current-time responses
to triple pulse experiments, Fig. 9. a., b. and c.
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The results presented and particularly the i vs. t2
relationships, could arise from™” either 3D instantane-
ous nucleation and growth, or 2D progressive nuclea-
tion and growth (charge transfer controlled and the
rale determining step being the rate of incorporation
of material at the edge of the growth centres).

In the case of 2D nucleation and growth, at least
one peak would be expected to appear in the tran-
sients, containing approximately a monolayer amount
of charge. No such effect was seen among the recorded
current-time transients in the present cases.

Therefore, it must be concluded that the ob-
served i vs. t* linearity corresponds to 3D instantane-
ous nucleation of lead on top of the previously formed
UPD monolayers and the further growth of the 3D
centres.

The equation describing this process at the begin-
ning '~ is:

i_2zF1tM2Nnk3t3

= (1)
0’

The deviation from the i vs. t* relationship at
longer times observed for all the transients obtained is
most probably due to the overlap of the growing
centres, and usually the current approaches a limiting
value.

However, ultimately the current runs into diffu-
sion control and after reaching a maximum starts to
decease with time eventually settling at the value dic-
tated by the mass transfer laws, Fig. 2.a. and Fig. 3.b.

From the gradient of the i vs. i plots it is possible
to determine Nok?, which in the present cases show
extreme potential dependence. This could arise from
a highly potentially dependent k or No, or both. Since
the variation of k with overpotential for a simple elec-
tron transfer process at small cathodic values would
be given by:

k~k, (exp —a;?] s Ay et e o) 2y ) (2

RT

itis difficult to predict such large potential dependence
as found experimentally. It seems more probable
therefore, that the variation of Ny, clearly indicated to
be appreciable by the increase of the very initial cur-
rents, with increasing overpotential, would be respon-
sible for the observed behaviour.

Indeed, this is exactly that could be expected for
instantaneous nucleation and growth at very small
overpotentials at which all active sites for nucleation in
the underlying substrate have not yet been used by the
process, and in the example given in Fig. 6.a., b. and
c. and Fig. 7. Where amounts of the deposit rarely
exceed 10 lead monolayers.

It has already been stated that the results show
no appreciable 3D nucleation occurring until the
monolayer is completed (similar conclusions were
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reached in other cases*®) and the very small 3D nuclea-
tion overpotentials recorded in the present case vary-
ing in the order n(i11) £ neioo) € ne110) must be due to
the influence of these layers.

In the case of lead UPD on the Cu(111) oriented
substrate, the monolayer is the least dense crystal-
lographic structure, compared to the monol.&welstob—
tained in the other two copper orientations”-2429-31
Therefore it seems reasonable to assume that although
it is probably the least distorted by the underlying
crystallographic structure of the substrate, this mono-
layer is the least successful in covering active nuclea-
tion sites (e.g. dislocations), originally offered by the
initial substrate-copper. This will, by the very nature of
the process, favor instantaneous rather that progres-
sive nucleation.

Being at the same time crystal metal-like struc-
ture, this monolayer must be in character closer to the
bulk lead than it was to copper, and therefore it inevi-
tably changes the surface conditions in such an w:?r as
lo decrease the free energy for 3D nucleation®*?. In
such a case the change in free surface energy will be
primarily at the interphase nucleus-lead UPD mono-
layer and it is likely to be of a sort that would, at very
small overpotentials, decrease the work of formation
of 3D nuclei®!. This would be facilitated by the
existence of the distorted closest-packed epitaxial
monolayer structure, enabling a wider choice of pos-
sible crystallographic (hkl) orientation for nuclei to be
formedl.

This is supported by the results obtained on
Cu(110). The lead UPD monolayer on this substrates is
a close-packed crystalline Ltttlce dnd thenefo:e the
densest of all the three examined® Although
it will be somewhat distorted by the original substrate,
such a layer would still most successfully mask dislo-
cations in the surface. Of course, not o the extent of
providing the change from instantaneous to progres-
sive nucleation, but well enough to decrease the nu-
cleation overpotentials as observed. On the other
hand, the more pertect structure of this lead UPD
monolayer narrows the choice of the crystallographic
orientation of the nucleus to be formed, most probably
to those for which the work of formation is somewhat
higher than was the case on Cu(111).

The density of the lead UPD closest-packed epi-
taxial monolayer on Cu(100) is higher than on Cu(111)
but notas high as on Cu(110), therefore in view of what
was saicdl above it is not surprising to find that the
overpotential for 3D nucleation and the minimum
growth potential value are in between those observed
for the other cases.

CONCUSIONS

The characteristics of the i-t responses to the
potential step regimes applied did not change signifi-
cantly when different anions were used.

The charge corresponding to the UPD :11onoldyu
of lead (=280 10_(}[&:3(2[1'1-"01‘(“(111) ~340- 10 Ascm’
? for Cu(110) and ~300- 10°Asem™ for Cu(100) ori-
ented substrate) was observed under the very initial
fall-off seen on the current-time transients obtained at
very short times, preceding the current-time relation-
ships for the overpotential deposition.

Indication of a rising i-t transient reflecting bulk
lead deposition on Cu(111) were usually observed at
n = -6mVvs.Pb (some carefully prepared experiments
revealed that overpotentials of = -4mVvs.Ph and n =
-5mVvs.Pb could produce the same results), in the case
of the Cu(100) electrode, it was ma=-6mVvs.Pb, while
an overpotential of 2= -6mVvs.Ph was needed for
similar effects on Cu(110).

The observed i vs. 1* linearity corresponds to 3D
instantaneous nucleation of lead on top of the pre-
viously formed UPD monolayers and the further
growth of the 3D centres. The results show no appre-
ciable 3D nucleation occurring until the monolayer is
completed. The very small 3D nucleation overpoten-
tials recorded, varying in the order 111y < o) <
110y must be due to the influence of these layers.

Being at the same time crystal metal-like struc-
ture, these monolayers must be in character closer to
the bulk lead than to copper, and therefore inevitably
change the surface conditions in such an way as to
decrease the free energy for 3D nucleation. In such a
case the change in free surface energy occurs primarily
at the interphase nucleus-lead UPD monolayer and it
is likely to be of a sort that would, at very small
overpotentials, decrease the work of formation of 3D
nuclei. This would be Facilitated by the existence of the
distorted closest-packed epitaxial monolayer struc-
ture, enabling a wider choice of possible crystal-
lographic (hkl) orientation for nuclei to be formed.

The density of the lead UPD closest-packed epi-
taxial monolayer on Cu(100) is higher than on Cu(111)
but notas high as on Cu(110), therelore in view of what
was said above it is not surprising to find that the
overpotential for 3D nucleation and the minimum
growth potential value are in between those observed
for the other cases.

The UPD lead monolayer formation, in the case
of copper (111), (110) and (100) substrates, is an es-
sential precursor to thicker deposits; its influence on
the initiation of the overpotential deposition and its
growth mechanism, was shown to be very significant.
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REZIME

STUDIJA POCETNOG STADIJUMA ELEKTRO-
TALOZENJA OLOVA NA BAKRU - VII DIO
REZULTATI DOBIJENI POTENCIOSTATSKIM PUL-
SEVIMA: ELEKTROTALOZENJE PRI KATODNIM
PRENAPETOSTIMA NA BAKARNOJ] MONOKRISTAL-
NOJ POVRSINI KRISTALOGRAFSKE ORIJENTACIJE
(111), (110) I (100)

Jovan N. JOWCE\’ICl, Alan BEWICK

Chemistry Department, Southempton University, UK,
509 5NH

lSadaénja adresa: Odsek za hemiju, PMF, Univerzitet u
Pri&tini, 38000 Pristina, Jugoslavija

Ovo je sedmi iz serije radova u kojima se iznose
rezultati istraZivanja pocetnih stadijuma elektro-
taloZenja olova (iz acetatnih, nitratnih i perhloratnih
rastvora) na polikristalnom i monokristalnom balcru.

Rad predstavlja rezultate dobijene potenciostat-
skom metodom jednostrukog, dvostrukog i trostrukog
pulsa na monokristalnim elektrodama povisinske kris-
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talografke orijentacije (111), (110) i (100) u podru¢ju
potencijala negativnijih od reverzibilnog potencijala
olova u datoj sredini.

Karakteristike odgovora struje-vrijeme na
primjenjene reZime potenciostatskih pulseva nisu se
znacajnije razlikovale s obzirom na razlicite anjone u
izabranim rastvorima.

Pocetni opadajuci dio i-t krive (odraZavajudi
~280- 10°Asem™ za Cu(111); =340- 1078 Asem™ za
Cul110) i #300- 10 Ascm™ za Cu(100) podlogu) re-
dovno je predhodio naknadnim djelovima i-t krive koji
su odrazavali elektrotalozenje olova pri katodnoj
prenapelosti.

Rastuce i-t krive, koje odrazavaju elektro-
taloZenje masivnog olova, na Cu(111) podlozi javljaju
se prin=-5mVvs.Pb, na Cu(100) podlozi pri 1m2=-6mV
vs.Pb, a na Cu(110) pri n2=-6mVvs.Pb.

ZapaZena linearnost funkcija i = f (1%) odrazava
trodimenzionu trenutnu nukleaciju i dalji rast stvorenih
centara olova na predhodno formiranom monosloju
nastalom pri potencijalima pozitivnijihm od reverzibil-
nog potencijala olova. Dobijeni rezultati ne pokazuju
da dolazi do znacajnije trodimenzione nukleacije
olova prije nego 3o se u potpunosti ne formira receni
monosloj. Cinjenica da je nukleaciona prenapetost
olova na ispitivanim bakarnim povriinama (i <
ncoo < 1y110)) tako mala mora biti rezultat uticaja tih
monoslojeva.

Kako su monoslojevi dobijeni pri-potencijalima
pozitivnijim od reverzibilnog po karakteru kristalne

metalu sli¢ne strukture po osobinama bliZe olovu nego
bakru, njihovo prisustvo neminovno mijenja povisin-
ske uslove u praveu smanjivanja slobodne energije
trodimenzione nukleacije. Do promjene slobodne
povrsinske energije trodimenzione nukleacije dolazi
najvecim dijelom na granici faza nukleus-olovni
monosloj i kao posljedicu ima smanjenje potrebnog
rada formiranja 3D nukleusa. Ovo smanjenje rada
potrebnog za formiranje nukleusa, nadalje je olak3ano
i postojanjem poremecene strukture epitaksijalnog
gustopakovanog monosloja, 5to omogucava veéi izbor
mogucih kristalografskih orijentacija nukleusa (hkl)
koji se formiraju.

Gustina olovnog gustopakovanog epitaksijalnog
monosloja nastalog pri potencijalima pozitivaijim od
reverzibilnog na Cu(100) je veca nego na Cu(111), ali
ne tolika koliko na Cu(110), zato nije iznenadlujude da
se prenapetosti 3D nukleacije i minimalne prenapeto-
sti rasta medusobno razlikuju na zapazeni nacin.

Formiranje monosloja olova pri potencijalima
pozitivnijim od reverzibilnoga, u sluc¢aju Cu(111),
Cu(110) i Cu(100) podloge predstavlja neophodnu
predhodnicu debljim olovnim talozima, a njihov uticaj
na zapocinjanje i mehanizam rasta olova pri potenci-
jalima negativnijim o reverzibilnog pokazao se
znacajnim.
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AMMONIZATION OF OXIDIZED LIGNITE
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ABSTRACT

We have examined parameters of lignite
ammonization (influence of ammonia concen-
tration, temperature, period of ammonization,
coal / ammonia ratio). The lignite was previously
oxidized by nitric acid in order ammonium-ni-
tro-humat with greater nitrogen content to be

obtained. It has been stated that the maximal
nitrogen content in ammonium-nitro-humat
(6,26%) is gchieved during ammonization of 10
g oxidized lignite in 125 ml of 20% ammonium-
hydroxide solution at temperature of 20 °C in
period of 16 hours,

Key words: Ammonization, ammonium-nitro-humat, humic acid

INTRODUCTION

The proved varied positive role of humic sub-
stances in soil / plant system shows that for modern
inensive agricultural production it is necessary besides
artificial fertilizer, organic fertilizer to be added to soil
since reserves of humus in soil are decreasing. Appli-
cation of organic fertilizers would be of special impor-
tance for soil poor in humus substances. Coal which
positively affect soil-plant system is the one used for
coal based production of fertilizers. Advantage is given
to naturally oxidized coal which contains 40-80 % of
humic acids. Although the recent types of coals con-
taining less quantity of humic acids, by oxidation pro-
cedure can be easily enriched in humic acids. In such
away enriched coal in humic acids - through ammoni-
zation procedure ie. treatment of coal by ammonia
solution gives ammonium-humat, the product soluble
in water and accessible to plants for adoption .

Technological procedure to produce ammo-
nium-humat can be different (Fuertes and Alvares,
1981; Dorneanu et all. 1990, Aleksandrov et all. 1992;
Xiaoyon, 1994.) and before all depends on type of coal,
humic acid content, coal carbonification level and am-
monization parameters: temperature, pressure, quan-
tity of ammonia etc.

In reference with the above said the purpose of
this paper is to examine ammonization of lignite which
is oxidized by nitric acid in order to obtain ammonium-
nitro-humat which could be applied for growth and
development of plants, Ammonization conditions of
oxidized lignite (influence of ammonia concentration,
temperature, period of ammonization, coal / ammonia
ratio) would be particularly examined to obtain a
product with greater gain and nitrogen content.

MATERIAL AND METHODS

We have taken Kosovo lignite from surface exca-
vation site "Dobro selo" for our examination. The lig-
nite was previously oxidized by nitric acid and
containing 73,15 % of humic acids.

For the purpose of producing ammonium-nitro-
humat, ammonization of oxidated lignite was followed
in functions of concentrations of ammonium-hydrox-
ide solution, reaction temperature, period of ammoni-
zation and quantity of ammonium-hydroxide
solution.

a) Influence of ammonia concentration. Am-
monization of oxidized lignite (10 g) was performed
by 5%, 10%, 15%, 20% and 25% of ammonium-hydrox-
ide solution. Experiments were made under the same
conditions at temperature of 20 °C in period of 16 hours
and the volume of ammonium-hydroxide solution was
125 ml.

b) Influence of temperature. Examination of
temperature influence to ammonization of oxidized
lignite (10 g) was performed at 20, 40, 60, 80 and 100
°C while other parameters (ammonia concentration,
ammonization period, volume of ammonium-hydrox-
ide) were constant (125 ml 20 % NH4OH 16 hours).

¢) Influence of ammonization. In the third series
ammonization of oxidated lignite (10 g) was per-
formed in function of reaction period duration (0,5 ,
4,8 and 16 hours) while other parameters were kept
constant (125 ml 20% NH4OH at 20 °C ).

d) Influence of ammonium-hidroxide volume.
During these examinations ammonization of oxidated
lignite (10 g) was performed in function of ammo-
nium-hydroxide quantity (25, 75, 125, 225 and 325 ml)
and other parameters were kept constant (20 % solu-
tion NH4OH, 16 hours, 20 °C).

After ammonization was finished the solution
was steamed at water bath and then ammonium-nitro-
humat was dried at 105 °C. Gain of ammonium-nitro-
humat was calculated in relation to lignite without
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‘Table 1. Influence of ammonitm-hydroxide concentration to ammonization of oxidaied lignite

i

wn

105,83

5,74

10

105,24

5,34

15

107,08

5,58

20)

109,09

6,26

25

113,48

5,30

Table 2. nfluence of temperature to anionization of oxidated lignite

20

107,08

40

114,26

60

106,48

80

115,17

100

114,66

Table 3. nfluence of time duration to annnonization of oxidated lignite

113,46

3,95

114,17

531

107,89

6,01

111,93

5,74

107,08

5,58

Table 4. nfluence of volume of ammonium-hydroxide to ainmonization of oxidated lignite

112,72

5.26

115,44

4,20

107,08

5,58

114,16

5,95

231,47

5,18

117,59

9,11
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humidity and ash. In all samples of ammonium-nitro-
humat nitrogen content was determined by Dumas
method.
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RESULTS AND DISCUSSION

Ammonization of coal in order produce ammo-
nium-humat and stimulative effect of ammonium-hu-
mat preparation to plants growth still are the subject of
study to many of the researches.

Our task was to find the most optimal conditions
under which ammonium-nitro-humats with the great-
est nitrogen content in their structure can be obtained.

Ammonization of oxidated lignite was followed
in function of concetration of ammonium-hydroxice
solution, reaction temperature, ammonization time clu-
ration and in relation of coal to ammonium-hydroxide
solution,

Studying the influence of ammonium-hidroxide
concentration o ammonization of oxidated lignite we
have noticed (Tab. 1) that with increase of ammonium-
hydroxide concentration the gain of ammonium-nitro-
humat also increases,

Quantity of total nitrogen in the sample of ammo-
nium-nitro-humat ranges from 5,30 to 6,26 %. The least
nitrogen content was found in the oxidated lignite
sample which was ammoniated with 25 % of ammo-
nium-hydroxide and the greatest nitrogen content was
found in the sample which was ammoniated with 20
% of ammonium-hydroxicde.

Examinations regarding influence of temperature
to ammonization to ammonization of oxidated lignite
(Tab. 2) show that the least gain of ammonium-nitro-
humat is obtained at temperature of 60 °C and the
greatest at ammonization temperature of 80 °C.

Content of total nitrogen in the obtained products
ranges from 5,58 to 5,83 %. Change of temperture did
not essentially infuenced to the change of total nitro-
gen content. Nevertheless it can be stated that when
ammonization temperature increases nitrogen content
in ammoniated samples slightly decreases.

Results of influence of time duration to ammoni-
zation of oxidated lignite (Tab. 3) show that maximal
gain of ammonium-nitro-humat is obtained during
four hours period of ammonization of oxidated lignite.
Nitrogen content in ammonium-nitro-humats ranges
from 5,31 to 6,01 %. The greatest nitrogen content in
the samples of oxidated lignite is obtained during
ammonization of lignite of 8 hours period. Either
shorter or longer ammonization period nitrogen con-
tent in the ammoniated samples decreases.

During examination of inflence of ammonium-
hydroxide volume to gain ammonium-nitro-humat
(Tab. 4) it was noticed that maximal gain of ammo-
nium-nitro-humat is obtained when ammonization of
oxidated lignite is performed with 225 ml of ammo-
nium-hydroxide solution.

Nitogen content in ammoniated samples of oxi-
dated lignite ranges from 4,20 to 5,95%. Regarcling
nitrogen linkage to oxidated lignite the best effect is
achieved during ammonization of lignite (10 g) in 175
ml of 20% ammonium-hydroxide solution at 20 °C in
16 hours period.

CONCLUSIONS

When parameters of ammonization of oxidated
lignite were examined in order ammonium-nitro-hu-
mat to be obtained we have come to the following
conlusions:

1. With growth of ammonium-hydroxide concen-
tration gain of ammonium-nitro-humat also increases.
The greatest nitrogen content in ammonium-nito-hu-
mat is obtained during ammonization of oxidated lig-
nite with 20%ammonium-hidroxide.

2. Changes of ammonization temperature have
not essentially influenced to change of total nitrogen
although with ammonization temperature growth ni-
trogen content in ammoniated samples decreases.

3. The greatest nitrogen content in the samples of
ammonium-nitro-humat is obtained during ammoni-
zation of oxidated lignite for period of 8 hours. Either
shorter or longer ammonization period nitrogen con-
tent in ammoniated samples decreases,

4. Change of ammonium-hydroxide volume has
influence to ammonization of oxidated lignite and to
nitogen content in ammonium-nitro-humat.

5. Maximal nitrogen content in ammonium-nitro-
humat (6,26%) is achieved during ammonization of
oxidated lignite (10 g) in 125 ml of 20% ammonium-
hydroxide solution at temperature of 20 °C in period
of 16 hours.
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Ispitana je amonizacija lignita, koji je prethodno
oksidovan azotnom kiselinom, u cilju dobijanja amoni-
jum-nitro humata koji bi mogao imati primenu za rast

i razvoj biljaka. Posebno su ispitani uslovi amonizacije
oksidovanog lignita (uticaj koncentracije amonijaka,
temperature, duZine vremena amonizacije, koli¢ine
amonijaka) kako bi se dobio proizvod sa vecim
sadrzajem azota.

Konstatovano je da se maksimalan sadrZaj azota
u amonijum-nitro-humatu (6,26%) postiZe pri amoni-
zaciji 10 g oksidovanog lignita sa 125 ml 20% rastvora
amonijum-hidroksida na temperaturi od 20 °C i u vre-
menu od 16 ¢asova.
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ABSTRACT

The paper deals with the horizontal sundial
set, in 1932, in the meridian of then newly built
Belgrade Astronomic Observatory. It is a rudi-
mentary sundial and for that reason it is not very
important. What is really important is the fact
that its constructor was the manager of the Ob-

servatory, Professor Vojislav V. MiSkovic. Despite
all his scientific and teaching obligations,
Miskovi¢ had time to engage himself in the his-
tory of astronomy and in that way in gnomonics,
which he defined as "a scientific entertainment".

Key words: gnomonics, sundial, Professor Vojislav V. MiSkovic, the Belgrade Astronomic Observatory.

INTRODUCTION

Gnomonics is a scientific discipline which deals
with the theory and construction of sundials - or shortly
- gnomonics is the art of coustructing sundials.
Nowadays, gnomonics is still actual despite the fact
that its main product has been replaced with modern
instruments. Without discussing the longevity of sun-
dials we may say that science started with astronomy
and astronomy with gnomonics.

The essential development of gnomonics has
always been within astronomy, and long after the
Middle Ages and the first mechanical clocks astronom-
ers were obliged to have knowledge of gnomonics.
Because of their complexity sundials are the subject of
interest of different kinds of researchers (archeologists,
architects, historians of arts...), but among them the
first place always belongs to an astronomer.

Every old sundial is important, but the sundials
especially important for the history of astronomy are
those constructed by astronomers themselves. When
we talk about old stationary sundials (those construc-
ted before World War II ), only one of this kind is
known to us and that is the sundial constructed by a
professional astronomer. This sundial is, in fact, the
horizontal sundial of the Belgrade Astronomic Obser-
vatory.

The Sundial of the Belgrade Astronomic

Observatory

The sundial is within the area of the Belgrade
Astronomic Observatory. In the middle of the path that
connects the pavillions of the big and small refractors
( Fig.1) there is the horizontal sundial out of function
for a long time (Fig.2). It was constructed in 1932 by
Professor, PhD Vojislav V. Miskovié (1892-1976), the
manager of then newly built Observatory on Veliki
Vracar.

The base of the sundial is a square marble slab
with its sides 50cm each (Fig.3). There are two concen-

Fig.1-A photograph taken from a plane of the Belgrade Astro-
nomic Observatory in the time when Professor Mi{kovi} was
its manager. The sundial is marked with an arrow. The pavillion
of the big refractor (1), the school pavillion (2) and the small
refractor (3) are marked with numbers.

Sl.1.-Avionski snimak Astronomske opservatorije iz viemena
kada je profesor Miskovi¢ bio njen upravnik. Strelicom je
oznac¢eno mjesto suncanika. Brojevima su oznaceni paviljon
velikog refraktora (1), Skolski paviljon (2) i mali refraktor (3).

tric squares chiselled in the slab with their sicles parallel
to the slab sides at a distance of 2em and 7cm. It is the
space between these squares where a dial in the range
of 5a.m. to 7p.m. is chiselled and represented by Ro-
man numerals with their size of 20-22cm. The lines for
full hours are drawn from almost the half of the sundial
to the internal frame of the dial, while the lines for
halves stretch from the same frame to a hypothetical
circle drawn from the centre of the slab 25c¢m in radius.
There is no polos. There are only the remains of its
supporters, 89mm far away from each other. Taking
into consideration the fact that then measured latitude
of the Observatory was ¢ = 44°48'08", the supporters
of the polos must have been 31.3mm and 88.4mm high,
and a rod not longer than 228.6mm (Fig.3).
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Fig.2-The marble slab of the horizontal sundial of the Bel-
grade Astronomic Observatory.

Sl.2. Mermerna ploca horizontalnog sunéanika Astronom-
ske opservatorije u Beogradu.

Fig.3-The plan of the horizontal sundial of the Belgrade As-
tronomic Observatory.

S1.3.-Nacrt horizontalnog sunéanika Astronomske opserva-
torije u Beogradu

The sundial was set on the path - in the meridian
of the Observatory ( then measured A = 20°30'57") -
which was very busy even at nights, so it is possible
that the polos was broken, somebody could have
simply stumbled over it. Apart from this, we must not
forget that the Observatory was a battle field during
World War IL

The lines of the sundial are chiselled with geo-
metrical and stonemason's precision. The sundial was
chiselled by Avanti Bertoto', a Belgrade stonemason,
according to Professor MiSkovic's plan of course ( then
measured latitude of the Observatory was @ =
44°48'08"). There is neither ornamental nor unneces-
sary detail on the sundial. It is a typical rudimentary
one.

The sundial is constructed to show apparent solar
time (Tp). A moment read from the sundial can be
converted into Central-European time (Tsg) according
to the formula Tsg=Tp+22"3.°8+e, where e represents
a time difference which Miskovic for the first time in
Serbian called "vremensko izjednacenje" (equation of
time) in "GodiSnjak naSeg neba za godinu 19312
("The Almanac of Our Sky - for the year 1931").

The setting of the sundial was preceded by the
article "O suncanim ¢asovnicima"("On Sundials"), pub-
lished in "Godi$njak nadeg neba za godinu 1931" and
completely editted by Professor Miskovic.

Miskovié: "O suncanim &asovnicima"

("On Sundials")

The article has 17 pages (p.178-195), 9 illustra-
tions and a table. It consists of 5 sections: On Gnomon;
On Cadrans Solaires; What Does a Cadran Solaire
Consist of?; General Instructions: Material, Shape, Di-
mensions of a Cadran; Appendix to the Previous Ex-
plainations.

The article gives a set of instructions and advice
for everybody to construct a sundial. In the introduc-
tion the author says that he does not want to write
about theory because he might lose a great number of
readers in that case, and after all, the theory is not quite
necessary for constructing elementary sundials. The
section "On Gnomon" is a historical introduction about
a gnomon - when it was used for the first time by the
ancient civilization and for what purpose: for measur-
ing the height of the sun, for determining the direction
of the meridian, for measuring latitucdle and for deter-
mining the apparent noon. What Professor Miskovié
states precisely about the use of a gnomon is the
following: .. for observing and measuring
beights and determining only that what could be
derived from them".

In the footnote of the original it is noted that the
historical introduction was done according to:
G.Bigourdan, Gnomonique. And that is all. In facl, it

1 Datum: Professor, PhD Milorad Protié

2 In the article "O merenju i m&unanju vremena'("On the Time Measuring and Calculating”), published in "Godignink nageg neba za odinu
| I ) 8

1932", p.51.
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is Gnomonique ou traile theorique et praktique de la
constriction des cadrans solaives (Paris, 1922) consid-
ered as one of the most important papers on gnomon-
ics (Aked 1997).

In the introduction of the next section ("On Cadl-
rans Solaires") it is stated that "a gnomon is a kind of
sundials" and pointed out that the turning of a gnomon
into the sky axis represents the main reason for the
gnomon to become a sundial®. The author points out
the skill of the ancient Greeks and their followers
Arabic astronomers as well as that the literature on the
theory on sundials and their constructing was espe-
cially rich in the Middle Ages. The title of the next
section "What Does a Cadran Solaire Consist of?" com-
pletely says what this section is about. It gives not only
the parts ol a sundial, but also different kinds of sun-
dials: equatorial, horizontal, vertical. In "General In-
structions..." marble is recommended as the most
appropriate material for constructing sundials and op-
timal dimensions of rectangular slab that are recom-
mended here are 1-1.5m, maximum 2m, and minimum
10-15cm. A reader is advised 1o read the latitude of a
place [rom the map before starting work as well as to
determine the direction of the meridian by means of
gnomon - by means of the method of equal heights,
and the best time to do that is around solstice. What
follows in the section is a set of very clear and detailed
instructions for a geometrical construction ol hour
lines on a rectangular slab with dimension 60x40cm by
means of what we can call "Direr's method". In order
to be easy lor every reader to construct a sundial and
to be spare of any measuring and plotling angles, a
table is given on the page 190. In the last section
"Appencdlix..." it is said that sundials show the apparent
time , and in order to know the civil time "one has 1o
know a little astronomy". At the end of the article the
author says that what follows in the next number of
"Godidnjuk naSeg neba" is the continuation of this
article.

Really, the continuation ol Miskovic's article "On
Sundials" was published in "GodiSnjak naseg neba za
godinu 1933". Tt has 10 pages, 10 illustrations and a
table. It deals with constructing vertical sundials in our
latitudes in the same way as the previous article -
without discussing theory. This paper gives a set of
detailed instructions not only about constructing hour
lines of vertical sundials of dilferent orientations, but
also some advice on the choice of material, the propor-
tion of dimensions, the way of rod fixing and line
drawing. At the end readers are informed that they may
expect the article on constructing other kinds of sun-
dials in one ol the following numbers of
"Godidnjak"("The Almanac").

In both articles Miskovic states only one, already
mentioned book source. It is interesting that he does
not inform a reader about the book "Opredeljenje ¢asa

pomocu suncanika"("An Hour Determination by
means of a Sundial") , published in 1902 by MiSkovic's
predecessor Milan Nedeljkovic (1857 - 1950), who was
the founder and the first manager of the Belgrade
Astronomic and Meteorological Observatory as well as
a professor of astronomy and meteorology at the
University. This book (Fig.4) has 130 pages and tables
of sunrises and sunsets in 1903 on the last 13 pages. It
is divided into 3 chapters: 1-Time (hour), 2-Sundial,
3-Clock.

OTNGCEPBATOPHJIA
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Fig.4-The front page of Nedeljkovi¢' s book.
Sl.4.-Naslovna strana Nedeljkoviceve knjige

In the [irst chapter the author explains the basic
terms - apparent and mean solar time and gives two
tables to show the way of converling one to another.
At the end of the chapter he notities the aim of the
book, and that is to explain the construction of a
sundial which would be used in meteorological sta-
tions for checking clock coreciness. In the second
chapter it is stated that it should be the sundial by
which one can determine the noon with a mistake not
bigger than "a few seconds”. The same chapter consists
ol detailed instructions for determining the noon line
by means of the method of equal heights of the sun,
and a very important note that in tyvo moments sym-
metrical to the noon the shadows are not symmetrical
to the noon line. The sundial work is described very
precisely: material, dimensions, the way of construct-
ing and fitting a sundial...everything. From the very
beginning a reader may [ind reading the book very
harcl, but after that he starts to admire Nedeljkovic's
patience in describing all details, exactly predicting
everything that would be conlusing for readers who

3 In fact, it is not exactly the point. A gnomon could be a polos of a sundial as well. It is clear that the author simplifies the instructions in

order to be understandable o everyone.
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are "not at home" in astronomy. Concerning gnomon-
ics the third chapter is not interesting, it is about check-
ing mechanical clocks according to already
constructed sundial.,

Nedeljkovic's instructions are, in fact, about the
construction of a gnomon and its use in determining
the noon line and the apparent noon. It could be said
that it is a noon sundial. This is only the first step in
constructing a sundial, what is clearly and concisely
written in "Appendix" on the page VII, where Nedeljk-
ovic¢ states that in constructing a real sundial one
should drawn hour lines considering the top of a
gnomon as "the top of a hypothetical rod that slopes at
the angle of the latitude of a place”.

Nedeljkovic¢ and Miskovic¢ were both French dis-
ciples. From time to time Nedeljkovi¢ was staying in
Paris (Sorbonne, College de France, the Paris Observa-
tory) where one could find about 100 stationary sun-
dials. He went to Paris in 1879, and in Sorbonne 3 years
before that a mericdian wall sundial had been restored,
constructed by Jacques Picard (1620-1682), a French
astronomer. In old Sorbonne Picard constructed two
vertical sundials as well (Gotteland 1983), the eastern
and the western one. The [irst one was restored and as
a gift of Paris taken to the Nice Observatory. In this
Observatory Miskovi¢ worked as an astronomer since
1922. In the period of 1919-1925, besides Nice,
Miskovic¢ visited Marseille and Montpellier as well,
where one could find 350 Slliidiﬂis4. So, during their
professional travellings to France both Nedeljkovic
and Miskovi¢ learned a lot about sundials and the
literature on gnomonics.

The terms one can find in the mentioned works
are the most important ones for the history of our
gnomonics. Keeping in mind the purpose of their
articles, both Nedeljkovi¢ and Miskovi¢ completely
avoid the astronomic terms. Nedeljkovi¢ uses the term
“suncanil” (a sundial) for a sundial, and gives its
delinition, that is "a device which shows either the solar
noon only or particular hours of the apparent solar time
as well". A sundial consists of stub (postolje) (a post
(a base)), ploca (aslab), sipka (a rod) and kazaljka
suncanika (a sundial hand). It is interesting that ac-
cording to Nedeljkovié "kazaljka suncanika" represents
a cut on the flat end of the rod. On the other hand,
MiSkovic uses a Serbian-French compound "sunéani
kadran"” (a cadran solaire). The base of a sundial is
called "tabla" (a board), the polos is "kadranova
osovina" ( a cadran axis) and the exact point it is fixecl
in is called "srediste kadvrana” (a cadran centre).
According to the board position Miskovic divides sun-
dials into borizontalni (horizontal), ekvatorijalni
(equatorial) and vertilalni (vertical). The vertical
ones are divided into those "bez skretanja” (without
turning) and those "koji skrecu" (which turn). The
first group includes vertical sundials which lie in the

first vertical level (sjeverni i juzni) (the northern and
the southern) and those which lie in the meridian level
(istocni i zapadni) (lhe eastern and the western).
The second group includes other vertical sundials with
the noon shadow which does not fall vertically on the
board of a normal stick, and these sundials are divided
into those "koji skreéu ka istoku" (which turn to-
wards the east) and those "koji skrecu ka zapadu"
(which turn towards the west).

Gnomonics itself is defined by Miskovi¢ as “a
science of sundials”, and later as "a scientific en-
tertainment” what is maybe the most appropriate
description of the modern status of this ancient art.

Miskovic's Motive for Constructing the Sundial

In the astronomic observatories and planetari-
ums over the world there are not only a lot of old
sundials, but newly constructed ones as well. The
Belgrade Observatory is not an exception. So, we
cannot accept a very frequent statement that since the
second half of the 19™ century sundials have been only
traditional ornaments on churches or plastics in city
parks. We can agree that sundials have an aesthetic
function, but that is not all. They are not only orna-
ments...and this is best explained by Miskovic in his
preface of "Godisnjak naSeg neba za godinu 1931" by
making comments on a letter of a village school prin-
ciple who asked for instructions about constructing
sundials:

"What would we praise movre the pedagogical
intention and the idea of this principle or his love
towards science and towards bis pupils?There is
no doubt that the children will learn much more
and more easily in this way than by means of books
and many other methods".

By these words Miskovi¢ clearly explains not
only his motive for constructing the sundial within the
area of the Belgrade Observatory, but a general motive
for constructing sundials nowadays.
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U krugu Astronomske opservatorije u Beogradu
nalazi se kvadratna mermerna ploca (50 x 50 cm)
horizontalnog suncanika, bez bacaca sjenke (SL.2).
Suncanik je postavljen 1932.g. u meridijan (A =
20°30'57") tek sagradene opservatorije na Velikom
Vracaru (SL.1). Suncanik je konstruisao (S1.3) sam
upravnik opservatorije, Vojislav V. Miskovi¢ (1892-
1976), profesor Beogradskog Univerziteta. Konstruk-
ciji sun¢anika prethodio je MiSkovidev ¢lanak "O

suncanim ¢asovnicima" u "Godisnjaku naseg neba za
1931", &iji je drugi dio objavljen u narednom broju istog
godisnjaka. MiSkovic se pored intezivnog nauc¢no-nas-
tavnog rada bavio i istorijom astronomije, i usput gno-
monikom. U ovim MiSkovicevim radovima, i u
navedenom radu (S1.4) njegovog prethodnika, pro-
fesora Milana G. Nedeljkovica (1857-1950), osnovaca
Astronomske i meteoroloske opservatorije u Beo-
gradu, nalazimo na srpskom jeziku prvi put jasno
definisane pojmove iz gnomonike. MiSkovic¢ je gno-
moniku nazivao "nau¢nom zabavom", §to je, mozda,
njeno najprimjerenije savremeno odredenje.
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Floristic composition of weed communities in wheat,
maize and soybean crops after liming
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ABSTRACT

The use of calcium (the "Njival Ca" fertilizer)
improved physical, chemical and biological
properties of the soil (vertisol). The changes ob-
served in this soil caused some changes in floris-
tic composition of wheat, maize, and soybean
agrophytocenoses. Number of acidophilic weeds
decreased with the simultaneous increase of cal-

ciphilic ones. The total weediness also dimi-
nuted, as well as number of individuals per m2,
and these changes were followed by the decrease
of raw and air-dry weed biomass. The dominant
species of the mentioned agrophytocenoses
have been established.

Key words: calcium, liming, maize, soybean, wheat, weeds.

INTRODUCTION

Rinsing down of calcium and its going out of soil
by yields, intesive crop production, use of physiologi-
cally acid fertilizers and pesticides, heavy machines
and making of soil anaerobe conditions, root system
secretions, acid rainfall, etc., inlluence soil acidification
more and more. About 50-60% of the total agricultural
land in Serbia is acid (Stevanovic, 1991; 1995). Soil
acidification (the change of pH value) has a significant
influence on macro and micro flora and fauna, espe-
cially on floristic composition of grown crops agrophy-
tocenoses. We can, therefore, estimate approximate
soil pH value on the basis of present weed species,
because weed plants are good indicators of resident
conditions ( Gracanin, 1947; Popovic, 1960; Kovacevic,
1976; Calic, 1993; Kojic i Janjic, 1994; Ognjanovic et
al., 1995; 1996). Acidophilic weeds are prevalent on
acid soils, and alkalophilic ones on alkal soils. Zdravk-
ovic et al. (1993), Veljovic (1995), Novakovic (1995),
Ognjanovic et al. (1995; 19906), established, investigat-
ing influence of soil liming when wheat, maize and
soybean were grown, that on the plots unfertilized by
calcium (control), in all the crops, there was the highest
number of species, and that acidophilic weeds were
prevalent in the control, whereas in the variants with
applied calcium there were some calcifilic (alkalo-
philic) species too.

MATERIAL AND METHODS

The investigation have been carried out during
the six-year period (1989/90-1994/95), at the experi-
mental field of the Centre for Small Grains in Kragu-
jevac, at the stationary three-field trial (wheat, maize,
soybean), on the vertisol soil type. Fettilization by NPK
fertilizers were the same for all the investigated crops.

The following variants of calcium fertilization and lim-
ing were applied:

1. NPK (120 N : 90 P20s : 90 K20), without use of
calcium (control);

2. NPK (120 N : 90 P20s : 90 K20) + 0.8 t/ha of "Njival
Ca" fertilizer;

3. NPK (120 N : 90 P20s : 90 K20) + 1.6 t/ha of "Njival
Ca" fertilizer;

4, NPK (120 N : 90 P20s5 : 90 K20) + 4.0 t/ha of "Njival
Ca" fertilizer;

5. NPK (120 N : 90 P20s5 : 90 K20) + 8.0 t/ha of "Njival
Ca" fertilizer.

As a lime fertilizer was used "Njival Ca" - ground
lime of Serbian Glass Factory at Paracin, obtained from
the "Plana" mines on the Baba mount. It contained at
least 98.5% of CaCO3. Size of the elementary plot was
100 m” (10x10 m). Variant 1 (control without Ca) was
involved in the study because in production of the
mentioned crops (wheat, maize, soybean) NPK fertil-
izers were regularly used, and these conditions were
similar to the production ones. Variants 2 and 3 were
the variants of calcium fertilization usually used every
year, and the variants 4 and 5 were the liming variants
usually applied periodically every five years.

Weed determination was carried out according to
the handbook of Canak et al. (1978). We also used
scientific and popular literature references ( Bebrend et
al., 1979, Javorka et al., 1979; Han/f, 1980; Kojic, 1981,
19806; Saric, 1978; Fisjunov, 1984; Tatic et al., 1984).

The weed flora and vegetation have been studied
by the method of testing area (control squares). We
determined weediness, as well as the total raw and
air-dry biomass. Determination of weedines was car-
ried out during waxy ripeness in the wheat agrophyto-
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Table 2. Life spectar in weed communities of the investigated agrophytocenoses

Variant - crop
wheat 1 wheat 2-5
Life forms No of sp. Yo No of sp. Yo
Terraphyta (T) 27 73.0 27 843
Hemicryptophyta (1) 6 16.2 2 6.3
Geophyta (G) 4 10.8 3 9.4
Total 37 1 UO.Q_ 32 - 100.0
maize 1 T n;;ize 2-5
Life forms No of sp. % No of sp. Yo
Terraphyta (T) 20 64.5 12 75.0
Hemicryptophyta (H) 6 19.3 1 6.3
Geopbyla (G) 5 16.2 2 124
Terro-hemicryptophyta (1-I) -- -- 1 6.3
Total 31 100.0 16 100.0
soybean 1 soybean 2-5
Life forms No of sp. Yo No of sp. W
Terraphyta (T) 17 68.0 13 76.4
Hemicryptophyta (1) 3 12.0 2 11.8
Geophyia (G) 5 20.0 2 11.8
Total _ 25 100.0 17 100.0
_ total
Life forms No of sp. %
Terraphyta (T) 44 69.84
Hemicryptophyta (H) 11 17.46
Geophyta (G) 7 11.11
Terro-hemicryptophyta (1-H) 1 1.59
Total 63 100.0

cenose, during earing in maize, and during flowering
in the soybean crop. Herbicides were not used at the
experimental field many years ago.

For the better clearness, changes of the weed
flora and other observed parameters are given as the
six-year mean of the crops, separately for the control
(var. 1), and joint for the variants with applied calcium
(var. 2-5) (tables 1 i 2).

RESULTS AND DISCUSSION

The most of crops request a slightly acid, neutral,
orslightly alkal soil. Thus, alfalfa requests soil pH value
of 7-8, barley 7-8, wheat and maize 6-7, sugar beet
0.5-7.5, onion 6.5-7.8, etc. A little higher tolerance to
acid environment is shown by buckwheat, grapevine,
strawberry, tomato, vetch, rhubarb, cucumber, Timo-
thy's grass, and much higher tolerance by forage pea,
lupine, millet, oats, potato, rye, and watermelon ( Pop-
ovic, 1960, Ognjanovic et al., 1996). Stevanovic (1991)
stated that is very difficult to product biologicaly wor-
thy and quality food because of higher content and
mobility of some harmful elements (Al, Cd, Cu, Cr, Ni,
Pb, NO2), that could, except their phytotoxic effect,
pollute plant fruits and vegetative organes. According
to the same investigator, application of lime fertilizers
(ground CaCO3 and similar) through acidiity decrease
significantly decreases solubility of the harmful ele-
ments in soil, and so their higher accumulation in
plants,

Weed plants have a similar behavior with crops.
So Ognjanovic (1987), by the study of some mineral
matters outcoming, found out that dominant wheat
and maize weeds contained 1.99% and 1.34% of Ca
respectively, and Ca coming out of soil under wheat
and maize was 9101 kgCa/ha and 8799 kgCa/ha re-
spectively.

The same researcher consider Stachys annua L.
and Sonchus arvensisL. as acidophilic weed plants. He
also found out that mechanical weed replacement
(weeding), when they had been replaced out of a crop,
accelerated soil acidification, because significant cal-
cium amounts came out of crop by weed:s.

Some weed species tolerate an acid environment
(Spergula arvensis L., Rumex acetosella L., Equisetum
arvense L., Holcus lanatus L., Deschampsia [lexuosa
(L) Trin., Calluna vulgaris (L) Hull., Lathyrus mon-
lanus L., Potentila tormentilla L., Arnica moitanal..,
Nardus stricta L., Blechnum spicant L., Juncus trifidus
L), and some a neutral and slightly alkal (Salvia
pratensisL., Plantago media L., Teucrivim montanim
L., Centanrea scabiosa Neck., Deschampsia caespitosa
(L) Beauv., Cirsium oleraceum (L) Scop., Angelica
Sylvestris L., Tussilago farfaral., Agrostis alba L., etc.).

We observed in total, during six years of the
investigation and in all three agrophytocenoses, 63
weed species, of which 46 in weat, 36 in maize, and 31
in soybean. There were 13 species (20.63%) observecd
in all the agrophytocenoses. There were eight species
of Monocotyledonae (12.70%), 53 of Dicotyledonae
(84.12%), and two species were Pteridophytes (3.18%).




81

According to life form the most of weeds were terra-
phyta (T in tab. 1) with 44 species (69.84%), then
hemicryptophyta (FI) with 11 species (17.46%), geo-
phyta (G) with seven species (11.11%), and one spe-
cies was terro-hemicryptophyta (T-H) which was
1.59% of the total number. Such life spectar of the
communities was caused by the intensive agrotech-
niue applied in the investigated crops production
(crop rotation, cultivation, fertilization, protection,
etc).

The dominant weed group in the wheat agrophy-
tocenose were Delphinium consolida L., Convolvulits
arvensis L., Centairea cyanus L., Anthemis arvensis
L., Polygonum convolvulus L., Avena fatua L. i Xan-
thivm strivmarittin L. In maize crop the following
species were dominant: Abutilon theophrasti Med.,
Amarantbus retroflexus L., Atriplex patula 1., Con-
volvilus arvensis L., Digilaria sanguinalis (L) Scop.,
Paniciom crus-galli L. i Xanthivm struomariton L., and
in soybean agrophytocenose Abutilon theopbrasti
Med., Amaranthus albus L., Amaranthus retroflexis
L., Atriplex patula L., Convolvulus arvensis L., Digi-
taria sanguinalis (L) Scop., Panicum crus-galli L. i
Xanthitm strimarivim L.

It might be seen that weed communities of maize
and soybean were typical for crops with a lower den-
sity and alike each other (tab. 1). It also can be seen
that the weed community of wheat was typical for
small grains. In all three agrophytocenoses was ob-
served a higher number of individuals and species per
m?on the control without calcium, in comparision with
the limed variants. That difference in wheat agrophy-
tocenose amounted five species, in maize 15, and eight
species in soybean. The highest difference was ob-
served in maize agrophytocenose because, among
others, maize phytomicroclimate (lower density) gave
more opportunities for appearing and development of
weed plants comparing with wheat and soybean
crops, which had a higher density and their phytomi-
croclimate was more "closed", so the grown plant
prevented higher weed infestation by competition.
This lower species number in all three agrophyto-
cenoses was followed by lower individuals number
per mz, as well as by lower raw and air-dry biomass in
the variants fertilized by "Njival Ca" fertilizer.

It can be seen in table 1, according to the value
of ecological index for soil pH (R; Kojic i Janjic, 1994),
that in the control plots (without Ca) were observed
the species tolerant to acid soils (R1- a plant living on
very acid soils, pH = 3.0-4.5 and R2- a plant living on
acid soils when pH is 3.5-5.5) Anthemis arvensis L.,
Apera spica-venti (L) P.B., Gypsophila muralis L.,
Prteridium aquilinum (L) Kubn., Rumex acetosella L.,
Spergula arvensisL., Vicia tetrasperma (L) Schreb., etc.
On the other hand, in the variants of lime fertilization
ancd! liming we observed, among others, species with
higher values of ecological index for soil acidity (R3- a
plantliving on slightly acid and neutral soils, R4-a plant

living mainly on alkal soils when pH is 5.5-8.0, and R5-
a plant obligately living on alkal soils) such were
Sonchus arvensis L., Atriplex patula 1., Convolvulus
arvensisL., Galium tricorne Stock., Lathyrus tiberosuis
L., Myagrum perfoliatum L., Plantago medial.., Salvia
verticillata L., Stachys annua 1., Delphinium cons-
olida L., and other species demanding a lower soil
acidity. Similar results were found by Ognjanovic et al.
(1995; 1996). As is seen, application of the lime fertil-
izer ("Njival Ca") significantly decreased weediness,
which decreased the need for use of herbicides and
other weed control measures. It is very important for
environmental protection and economical procduction
of grown crops.

Number of geophyta and hemicryptophyta (G,
H) was lower on the control plots. It can be explained
by the presence of a robust root system in two-year anc
perennial species, that can use mineral matters from
deeper layers of the control plots, despite significantly
higher pH and less-favourable life conditions (Ogrn-

Janovic, 1987). We could state that the geophyte spe-

cies Convolvulus arvensis L. demands a less-acid
environment, because number of Convolvulus plants
per m” was significantly higher in the variants with
applied calcium. This might be seen better in the
terraphyta species Atriplex patula L., Panicum crus-
galli L., Polygontun convolvulus 1., Hibiscus trionum
L., which was comfirmed by the values of ecological
index for soil acidity (Kojic i Janjic, 1994). However,
significantly higher number of Digitaria sanguinalis
(L) Scop., Amaranthus retroflexus L. etc., was ob-
served in the maize and soybean control plots, as well
as of Abutilon theopbrasti Med. in the wheat agrophy-
tocenose. It means these species tolerate well soils with
lower pH, regardless their R3 ecological index for soil
acidity (living on slightly acid and neutral soils). We
can state, therefore, they are able to adapt to ecological
conditions (significantly lower pH) of the control.

Antropogenous factors are very important, and in
some cases crucial for appearing, growth and develop-
ment of weed plants, as well as for weed communities
forming (Kojic i Janjic, 1994). The mentioned influ-
ence can be seen in life forms change, so between
agrophytocenoses, as between variants fertilized and
unfertilized by calcium (tab. 2).

We found out four life forms. The domination of
terraphyta is visible in all the agrophytocenoses, as in
control variants as in the calcium fertilized ones. De-
pending of agrophytocenose, their percent on the con-
trol was from 64.5% (maize) to 73.0% (wheat) or 68.5%
in average, and on the variants fertilized by calcium
(var. 2-5) from 75.0% (maize) to 84.3% (wheat) or
78.5% in average.

Life forms change in the variants fertilized by
calcium was observed in every weed community. One
can see (tab. 2) that man's intervention (application of
calcium) caused an increase of terraphyta percent,
meanly by 10%. That occured because of decreased
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percent of geophyta and hemicryptophyta life forms in
the variants of calcium fertilization and liming (2-5),
comparing with the control (1), and reason for that was
the improvement of physical, biological, and espe-
cially chemical soil properties, not only soil acidity
(pH), but also other traits favourable for terraphyta
(Ognjanovic et al., 1995), which expeled geophyta
and hemicryptophyta from weed community.

Alittle higher number of geophyta and hemicryp-
tophyta in maize and soybean agrophytocenoses, in
general, was caused by the sowing term, but also by
the other agrotechnique measures usually applied in
the procduction of spring crops with lower crop density.
The application of calcium improved above men-
tioned soil properties; as first soil acidity decreased,
wich caused appearing of a higher number of terra-
phyta species (tab. 2), mainly those with higher value
ol ecological index for soil pH.

CONCLUSION

The use of the "Njival Ca" fertilizer decreased
number of acidophilic weeds with the simultaneous
increase of calciphilic ones. Also decreased the total
weediness, number of species and individuals per m2,
as well as raw and air-dry weed mass per m2. It is very
important for environmental protection and economi-
cal production of grown crops.

We also observed some changes in weed com-
munities life spectar. At the variants of calcium fertili-
zation and liming number of terraphyta increased, and
number of geophyta and hemicryptophyta decreased.

The dominant weed group in the wheat agrophy-
tocenose were Delphinittm consolida L., Convolvithis
arvensis L., Centaurea cyeanus L., Anthemis arvensis
L., Polygonium convolvulus L., Avena fatua L. i Xan-
thivtm strumariim L. In maize crop the following
species were cominant: Abutilon theopbrasti Med.,
Amaranthus retroflexus L., Atriplex patula L., Con-
volvulus arvensis L., Digitaria sanguinalis (L) Scop.,
Panicum crus-galli L. i Xanthivm strinmarium L., and
in soybean agrophytocenose Abutilon theophrasti
Med., Amaranthus albus L., Amaranthus retroflexus
L., Atriplex patula 1., Convolvulus arvensis L., Digi-
taria sanguinalis (L) Scop., Panicum crus-galli L. i
Xanthivm striemaritem L.
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REZIME

FLORISTICKI SASTAV USEVA PSENICE, KUKURUZA I
SOJE POSLE KALCIZACIJE

Radomir OGNJANOVIC, Neboj$a DELETIC
Poljoprivredni falultet, Pristina.

Ispitivanja su izvriena u Sestogodiinjem
razdoblju (1989/90-1994/95), na oglednom polju Cen-
tra za strna Zita u Kragujevcu, na tropoljnom stacionar-
nom ogledu (pSenica, kukuruz, soja), na zemljistu tipa
smonica (vertisol). Proucavan je uticaj dubrenija kalci-
jumom i kalcizacije na [loristicki sastav agrofitocenoza
psenice kukuruza i soje.

Upotrebom kalcijuma (dubrivo "Njival Ca")
poboljsana su fizicka, hemijska i bioloska svojstva
zemljista (smonica). Promene koje su se dogodile u
ovom zemlji§tu su dovele do izvesnih promena u flor-
istickom sastavu agrofitocenoza p3enice, kukuruza i
soje. Smanjena je brojnost acidofilnih korova uz is-
tovremeno povecanje broja kalcifilnih vrsta. Takode,
smanjena je i ukupna zakorovljenost, kao i ukupna
sveZa i vazdudno suva biomasa korova. Doglo je i do
odredenih promena u Zivotnim formama proucavanih
agrofitocenoza uslovljenih primenom kalcijuma. lzd-
vojene su i dominantne grupe korova agrofitocenoza
pienice, kukuruza i soje.
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ABSTRACT

The paper presents the results of algological
analysis (July 1997) of the two water eco-systems
in the Nedzinat circue on Prokletije Mountains.
Some 42 taxa were found in Dreljsko Lake, while
16 were found in the spring that lays isolated
below the lake. Total composition of both com-
munities was presented with 54 taxa: Cyano-
pbyta - 4, Chrysophyta - 1, Bacillariophyta - 44,
Euglenopbyta - 1 and Chlorophyta - 4. The rep-
resentatives of Bacillariophyta community, pre-

sented with 78.5%, 87.4% respectively, were the
most numerous in both of the systems examined.
A quantitative domination of Pbormidium au-
tumnale (Cyanophyta) species was determined
in the spring. The water quality determined on
the basis of indicator's values of types of algae
(25) was good (1.306, 1.43 respectively) indicating
the affiliation to oligo-beta-mezzo-saprobic de-
gree, or to the 1% and 2™ quality class.

Key words: Peryphiton algae, indicator's species, Prokletije Mountains, Dreljsko lake, spring.

INTRODUCTION

High-mountain lakes of Prokletije are relatively
less researched from the algological aspect. Up to now,
we could have only got, literature data of the lakes on
Visitor and Bogicevica (Petkovic Smiljka and Petkovic
St., 1971), then, the algae of Ridsko, Visitorsko, Plavsko
and Rikavacko lakes (Petkovic Sm., 1975), as well as,
a supplement to the knowledge of Plavsko lake algae
(Petkovic Sm. and Petkovic St., 1982). We have also
given a supplement to the knowledge of algae of the
water eco-systems on Djeravica (Urosevic, 1997). Fi-
nally, the algae of the spring and the creek of Velika
Podina on the saddle of Nedzinat and Zuti Kamen were
researched too.

Dreljsko lake and the spring are settled in the
circue that is oriented in the direction of southeast -
northwest with its face starting from the saddle men-
tioned between the spurs of Nedzinat and Zuti Kamen
(2,522 ma/s/l). Water currents are short and periodical
in higher zones of the circue, due to karstic terrain. The
first larger accumulation, in which, the water from the
surrounding slopes are collected is Dreljsko Lake, situ-
ated at an altitucle of 1,820-m (Figure 1). The lake is of
pear-like form. The water, which flows off the lake,
sinks. At some 2 km downstream (1,160 m), the arm of
the lake river merges with the river arm of the neigh-
boring Kucisko lake and both together make up Nedz-
inat creek, that is the right-side tributary of Pecka
Bistrica.

Dreljsko lake is some 130-m long and some 75-m
wide, and we have estimated the depth to be some
2.0-m in its deepest part, during the sampling day. It
dries intensively during summer months, which is in-
dicated by the shoreline that is far from the water
surface. The lake is situated in the lakebed whose

Figuré 1. Tﬁe position of Dreljskd Lake in Nedzinat circue with
the sampling spot indicated (1) and the position of the spring
below the lake (2)

shore is built up of the rocky blocks and large gravel.
Itis surrounded by dense coniferous forest. The spring
below the lake has no physical connection with it, but,
probably, the lake water feeds it.
Pedological-geologic ground of the whole com-
plex is a shallow brown soil on compact limestone.
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Table 1. Systematic census of overgrowing algae, frequency and presence of indicating species in
Dreljsko Lake (1) and the spring below the lake (2).

TAXONS 1 2 INDEX OF
SAPROBITY

CYANOPHYTA

Calothryx parictina Thurel
Merismopedia punctata Meyen
Microcystis elabens (Menegh) Kiitz
Phormidium autumnale (Ag.) Gom.

e e e

CHRYSOPHYTA
Hydrurus foetidus (Vill.) Trev. 3 X-0 .

BACILLARIOPHYTA
Achnantes lanceolata (Bréb.) Grun. 1 X-0
Achnantes lanceolata var. lanceolata I. 1 i
ventricosa Huslt.

Amphora ovalis var. gracilis Ehr.
Anomoconeis serians (Bréb.) Cl.
Anemoeoners serians var. brachysira (Bréb.)
Cl

Caloneis alpestris Cl.

Caloneis schumaniana (Grun.) CI.

Caloneis silicula (Ehr.) Cl.

Ciclotella bodanica Eulenst.

Ciclotella comta (Ehr.) Kiitz.

Cymbella aequalis W. Sm.

Cymbella aftinis Kiitz

Cymbella cistula var. gibbosa Brun.
Cymbella hauckii V.H.

Cymbella hebridica (Greg.) Grun.

Cymbella lanceolata (Ehr.) V.H. 1 b
Denticula tenuis Kiitz
Denticula tenuis var. crassula (N&g.) Hust. ¥
Diatoma hiemale var. mesodon (Ehr,) Grun. 1 X
Diatome vulgare var. productum Grun.
Diploneis parma CI.

Fragilaria pinnata Ehr.

Frustulia rhomboides var. saxonica f. undulata 1
Hust,
Gomphonema angustatum (Kiitz.) Rabenh, d o
Gomphonema angustatum var. productum 7 b-a
Grun,
Gomphonema angustatum var. undulatum 1
Grun.
Hantszchia amphioxys £ capitata O. Miill, 1
Melosira italica (Ehr.) Klitz. 1 0
Meridion circulare Ag. 1 X
Navicula cuspidata var. heribrandii Perag. 1

~

~

b~
)

NN~

Wl =
P

M~~~

b~

Navicula pupula var. rectangularis (Greb.) 1
Grun.
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Navicula radiosa Kiitz.

Navicula viridula Kiitz,

a

Neidium affine var. amphirhynchus (Ehr.) Cl.

Neidium iridis var. amphigomphus (Ehr.) CI.

Nitzschia thermalis var. minor Hilse.

Nitzschia vermicularis (Kiitz.) Grun.

b

Pinnularia divergens var. elliptica Grun.

Pinnularia episcopalis var. brevis CI.

Stauroneis anceps [ gracilis (Ehr.) Cl.

Stauronels fluminea Patr. & Freese

Surirella linearis W. Sm.

Surirella linearis var. helvetica (Brun.) Meist.

Synedra ulna var. biceps (Kiitz.) Schont.

EUGLENOPHYTA

Trachelomonas volvocina var. subglubosa
Lemm.

CHLOROPHYTA

Qedogonium sp.

Pediastrum boryanum (Turp.) Menegh.

Scenedesmus dispar Bréb.

Staurastrum punctulatum Bréb.

1
1
1
1 0

MATERIAL AND METHODS

The water temperature recordings and the algae
sampling were done July 1997 in Dreljsko lake and the
spring laying below (Fig. 1). The alcohol lab ther-
mometer (scale from -200C to 500C) was used o
record the water temperature. The samples for the
algological analysis were collected by scratching the
submerged stones and by squeezing the moss. The
fixing was done in a 4% solution of Phoraldechide. The
microscope analysis was made by the "Ergeval" (Zeiss,
Jena) microscope in the laboratory of the Biology
Department of the FNS in Pristina.

The keys and handbooks were used for the de-
termination of the systematic taxon affiliation: Cvijan
& Blazendi¢ (1996), Dedusenko et all. (1959), Goller-
bach et all. (1953), Hustedt (1930), Hustedt (1961 -
1965), Hindak et all. (1975), Komarenko et all. (1975),
Lazar (1969), Patrick - Reimer (1966), Pascher (1925),
Vodenicharov et all. (1971), Zabelina et all. (1951),
Popova (1966), Palmar-Mondviceva (1982). Indicators
of water saprobity were established according to
Sladecek (1973). Saprobity index was determined ac-
cording to Pantle and Buck (1955).

RESULTS AND DISCUSION

The Dreljsko lakeshore is rocky and its water
(16.00C) is probably enriched with lime content
(chemical recordings were not made). As a proof to the
respective is that the limestone layer is visible in the jar

with the sample collected. Regarding the respective
and other ecological-geographic factors prevailing in
the area researched, a specific algae community, pre-
sented with 42 taxa, was determined (Table 1, Fig. 2).
All of the taxa were found in quite rare, individual
samples. Among these, the representatives of Bacil-
lariophyta community were the most numerous with
33 laxa (78.5%). Subdominant communities of Cyarno-
phyta and Chlorophyta participated with 4 taxa each
(9.5%), while the representatives ol Euglenophyta in-
dicated their presence only with the taxon of Trachelo-
monas volvocina var. subglubosa (2.5%).

A spring with fast water flow (10.00C) lays iso-
lated below Dreljsko Lake. Its poor community ol algae
was presented by 16 taxa only, dispersed on small-sub-
merged stones and rare moss at the bottom of the
spring. Cyanophyta (6.3%) with a massively frequent
species of Phormidium autimnale, Chrysophyta
(6.3%) with well frequent species of Hydrurus foetidus
and Bacillaripopbyta(87.4%) with 14 individually pre-
sented taxa (Table 1, Figure 2) indicated their presence
in the composition of the spring community. A massive
presence of Phormidium autumnale species could be
connected with a complex action of ecological factors,
but it is most probable that the moss present, through
the process of mineralization, provides nitrogen, easily
attainable for a strong development of nitrogen-fixing
species of Phormidivm auiltmnale (Gecen, 1990).

June 1, 1997, the analysis of overgrowing algae
determined 54 taxa in Dreljsko Lake and the spring
located near by the lake, as follows: Cyanophyta - 4,
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Figure 2. The number of overgrowing species of algae in Dreljsko Lake (1) and the spring below the lake (2) July 1996

Chiysopbyta - 1, Bacillariophyta - 44, Euglenophyia -
1, and Chlorophyte - 4.

The complexity of both communities researched
is reflected in the systematic characteristics of the taxa
determined (54), as well as in the taxon affiliation to a
large number of various genera (31). Accordingly, an
emphasis is given that the richest genera of Cymbella
and Navicula had only 4 taxa each.

Although Dreljsko Lake and in the spring below
the lake represent two different eco-systems, insignifi-
cantly remote one from another, the presence of 4
mutual species were determined, as follows: Phor-
midivm auvtumnale (Cyanophyla), Cyclotella bo-
tanica, C. compta and  Cymbella affinis
(Bacillaripbyta). Table 1 indicates that the qualitative
algological analysis in Dreljsko Lake and in the spring
below, determined total (54 taxa) 25 species indicators
of water saprobity. The presence of an alpha-mezzo-
saprobe species (Navicula viridula) and higher pres-
ence of oligo-saprobe (10 species, or 40.0%) and
xeno-saprobe (7 species, or 28.0) compared to beta-
mezzo-saprobe indicator species (7, or 28.0%), witness
the purity of water tested. The respective is also con-
firmed by the results obtained on the basis of calcu-
lated low index values of water saprobity (1.36, 1.43
respectively) and v.v., - high water bonus (Class 1 to
Class 2) for both water system examined.

The algae of various eco-systems: lakes, river
arms, springs were examined on the mountain massif
of Prokletije (Urosevie, 1997, 1998). The algae resi-
dences were examined individually, but also within
the complex that considers the action of the same
climatic factors, geologic and pedological ground, as
well as, an insignificant distance of the localities. A
mosaic diversity of floral and vegetation structure of

each algae residence remained unexplained from the
ecological point. The above is confirmed by the pres-
ence of an insignificant number of common species in,
at present, researched ecosystems, as follows: within
the complex of Dijeravicka lakes (2 lakes) and river
arms (3 river arms) only 3 common species were
determined out of total 239 species. At the locality of
Velika Podina on Nedzinat saddle in 2 springs and the
creek formed by the two spring arms, out of 73 taxa,
common species were not determined, while between
the right spring (30 taxa) and the creek (47 taxa), 12
common species were determined, and between the
left spring (11 taxa) and the creek, only 3 common
species were found.

Taxonomic complexity is also reflected in the
presence of an insignificant number, but, probably,
more tolerant species, as follows: Phormiditm autiom-
nale (Cyanophyta), Cyclotella bodanica, Gom-
phonema angustatim, Neidium iridis var.
amphigomphus, Nitszhia thermalis var. minor (Bacil-
lariophyta) and Trachelomonas voivocina var. sub-
glubosa (Euglenpbyta), as these are frequently found
in the Prokletije eco-systems examined.
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Dreljsko jezero (1820 m) i izvor koji izolovano
leziispod jezera (Prokletije) ispitivani su sa algoloskog
aspekta jula 1997. godine. Analizom obradtaja utvrd-
jeno je ukupno 54 taksona: Cyanophyia - 4, Chiryso-
phyta - 1, Bacillariopbyta - 44, Euglenopbyta - 1 i
Chlorophyta - 4.

Predstavnici zajednice Bacillariopbyta imali su
najvecu brojnost taksona (78,5 odnosno 87,4%) na oba
ispitana lokaliteta (Tabla 1, Figura 2).

Dreljsko jezero je u vreme ispitivanja pred-
stavljeno sa 42 taksona. Svi taksoni su nadjeni u vrlo
retkim, pojedina¢nim primercima. Reakcija na kvanti-
tativnu selektivnost taksona moZe se dovesti u vezu
sa ekoloskim faktorima sredine, od kojih najvaZnijim
smatramo sadrzaj kreca u vodi, ¢ije su naslage jasno
vidljive u teglici sakuplienog uzorka.

U odnosu na Dreljsko jezero izvor je imao si-
romasniju zajednicu algi, predstavljenu sa 16 taksona,
ali i kvantitativnu dominaciju vrste Phormidium au-
tumnale (Cyanophyla). Masovni razvoj ove vrste
verovatno je u funkcionalnoj vezi sa  mahovinama
naselienim u izvoru.

Taksonomska sloZenost ispitanih fitocenoza
ogleda se i u pripadnosti taksona (54) velikom broju
rodova (31): Cymbella i Navicula kao najbrojnije,
imale su samo po 4 taksona,

[ako su ispitivana dva razli¢ita vodena ek-
osistema, svaka zajednica algi pojedinac¢no, imala je
jedinstven sastav, ali i 4 zajednicke vrste: Phormidiim
autumnale (Cyanophyta), Cyclotella bodaitica, Cy-
clotella comta i Crumbella affinis (Bacillariophytc).

U Dreljskom jezeru i izvoru utvrdjeno je ukupno
(54 taksona) 25 vrsta algi indikatora saprobnosti vode:
ksenosaprobnih - 7 (28,0%), oligosaprobnih - 10
(40,0%), betamezosaprobnih - 7 (28,0%) i alfamezos-
aprobnili - 1 (4,0%). lzracunata vrednost indeksa
saprobnosti u oba ispitana stanidta algi bila je (1,36
odnosno 1,43) u granicama oligobetamezosaprobnog
stupnija, tj., pripadnost I - II klase boniteta vode.
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ABSTRACT

Flora and Vegetation of high-mountain peat-
bogs of Mt. Sar-planina.

In this paper results of investigation of flora

and vegetation of high-mountains peat-bogs of
serbian part of Mt. Sar-planina are presented. On

peat-bogs of Mt. Sar-planina 8 species of mosses
and 80 species of vascular plants are found. Peat-
bog's vegetation belong to classis Scheuchzerio-
Caricetea fuscae and its are presented with 8
association from 2 orders and 4 alliances.

Key words: peat-bogs, flora, vegetation, Mt. Sar-planina

INTRODUCTION

In phytogeographical sense massif of Mt. Sar-
planina is located in the north of Scardo-Pindic floris-
tical province of the Central European floristical
region, and her highest peaks belongs to the Central-
South-European mountain floristical regioon. Change
of different rocks in the substrate, often and on a small
space, and jagged terrain caused various [lora and
vegetation. Special sel to [loristical diversity of Mt.
Sar-planina gives high-mountain peat-bogs, which had
preserved many elements of tertiary endemic flora.
Except endemic species, on peaat-bogs, after the last
period of glaciation, shelter have found and many
representatives of boreal flora, which had caused
forming of specific plant cover.

Peaat-bogs vegetation of Mt. Sar-planina is till
now very little explored. Kosanin (1913) on peat-bogs
of this mountain massif finds and describes species
Narthecium scardicum, the most significant species of
high-mountain peat-bogs of Balkan peninsula.

Some floristical characteristics of peat-bogs of Mt.
Sar-planina had shown Horvat (1935, 1936) in works
which are related to former Vardar regional unit. The
area that he had explored partly reached and Kosovo-
Metohian part of Mt. Sar planina and that the part in
which peat-bogs takes up the biggest surface (Sutman
and Vraca). Except a few characteristic species for
peat-bogs vegetation, horvat cites two peat-bogs aso-
ciations, Cariceto-Narthecietum scardici and
Caricetum macedonicum, but without phytocenologi-
cal tables.

Data about distribution of peat-bogs plant spe-
cies can be found in some floristical works (Horvat,
1953, Stevanovic, Jankovic, 1984, Randjelovic et al.,
1997).

MATERIAL AND METHODS

Exploring flora and vegetation of peat-bogs of Mt.
Sar-planina, which results had been shown in this
worls, was carried in the period from 1995 to 1997. The
peat-bogs were detaily explored in glacial cirque Dur-
lov potok, on Sutman and in the foothill of Vraca, and
material was collected on the spring of Prizrenska
Bistrica river.

Determination and nomenclature of mosses was
done according to Pavletic (1968) and Petrov (1975),
while for determination and nomenclature of vascular
plants "Flora Europaea, 1-5" was used (Tutin et al.
(ed.), 1964-1980). For taxa that have not been de-
scribed so far, the other sources have been consulted
(Josifovic (ed.), 1970-1977; Saric (ed.), 1986).

The grouping of floristic elements into area
groups and area types was performed on the basis of
the delinitions by Stevanovic (1992).

The vegetation was studied according to the
Braun-Blanquet approach (Braun-Blanquet 1964,
Mueller-Dombois & Ellenberg 1974). Abundance, cov-
erage, sociability and the presence of each species was
measured by means ol the Braun-Blanquet scale.

The herbarium material of shown taxons is in the
private herbarium cellection "Herbarium Moesiacum"
in Doljevac (HMD).

HIGH-MOUNTAINS PEAT-BOGS OF
MT. SAR-PLANINA

High-mountain peat-bogs of the Southeastern
Europe belongs to eutrophic-mesotrophic low peat-
bogs, which were formed on impermeable silicate
substrate in glacial forms of relief (Milic & Gigov, 1974).
Florogenesis of this peat-bogs had began in tertiary
(Lakusi¢, 1968), and today's characteristics of peat-
bogs flora are result of changing ditferent climate con-
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ditions on this area. Peat-bogs are developed fragmen-
tary around springs of mountain brooks and on the
places were water longer retains. Continious stagna-
tion of water on this cold mountain residences had
caused dense development of specific hydrophilic
vegelation, and also made anaerobic conditions in
substrate which had brought to slowly process of dis-
assembling of dead plant parts, because of this they
were accumulated in the form of weak disassemblecl
organic masses called peat. This substrate is distin-
guished by characteristic and only typical for it peat
vegetatioon, which presents perfect isolated and in
definite measure "conservative environment" in which
were saved many elements of tertiary and boreal flora.
Presence ol tertiary endemic plant species refers to
relict character ol the vegetation, and also disables
their regard as identical with Central and North-Euro-
pean peat-bogs.

Peat-bogs of Mt. Sar-planina can be devided con-
ditional on glacial lake peat-bogs and high-mountain
spring and brool peat-bogs.

The biggest peat-bog is "Tija voda", which is
located in foothill of pealk Velika Vraca. It had become
by overgrowing oof former glaciaal lake. It extends on
around 6 ha surlace, with extending direction NW-SE,
Depth of peat layers are to 150 cm (TeSic et al., 1979).
Peal is exceptionally acid reaction (pH around 4), and
is bilt mostly ool Sphagnum and partly of Caricetum-
peat. On several places in this peat-bog big holes of
free water are noticed.

Big surface takes up Veljinbeska peat-bog, too.
Its located in the foothill of peak Mala Vraca. Acording
by characteristics ol the plant cover this peat-bog is
very heterogenous. By its edge is developed a great
number of little spring peat-bogs, but the biggest mid-
dle part presents a lake peat-bog. Peat is exceptionally
acid reaction, and on some parts of peat-bog pH is 3.5.

On Sutman are a few little peat-bogs originated
by overgrowing of glacial lakes. South of "Sutman”
farm is peat-bog "Sutman lake", which takes up area
about 50 ares. Peat is deep to 80 cm and is built of
Sphagnum and Caricetum-peat exceptionally acid re-
action (Tesi¢ et al. 1979). Not far from it is one more
peat-bog ("Little Sutman lake"), which is completely
overgrowed with vegetation of type Hygronardetum,
which is the last stage in succesion ol peat-bogs vege-
tation.

Spring and brook peat-boogs can be found by
almost any spring and brook on silicate massives of Mt.
Sar-planina. This peat-bogs are built mostly of
Caricetum-peat temperate acid reaction. By this ex-
ploring are included spring peat-bogs Sutman,
Celepinsko vrelo and Durlov potok.

On places where on impermeable silicate sub-
strate from the depth is coming out water rich with
carbonate are developed alkalifilous peat-bog discov-
ered on the spring of Prizrenska Bistrica.

FLORA OF HIGH-MOUNTAIN PEAT-BOGS
OF MT. SAR-PLANINA

Floristical investigation of peat-bogs of Mt. Sar-
planina are carried out mostly from Veljinbeski Rid in
the foothill of Vraca to Celepinsko vrelo on the [oothill
of peak Celepinski Vrh. On this place are the biggest
surfaces under peat-bogs vegetation on Mt. Sar-plan-
ina. Except that, in floristical list are included plant
species discovered on little peat-hog surlaces in cirque
Durlov potok and around spring of Prizrenska Bistrica.

On explored peat-bog are noted 8 species of
mosses (collected only dominant species of mosses)
and 80 species of vascular plants. Considering that by
this exploring are not included aall high-mountain
peat-bogs, no them could be expected much bigger
number of plant species.

Basic characteristic of flora of high-mountain
peat-bogs of Mt. Sar-planina gives tertiary endemics
Narthecium scardictom, Leucorchis frivaldi, Silene as-
terias, Calicocorsus stipitatits, Barbarea balcana, Car-
duus kerneri ssp. scardicus, Cirsinm beterotrichinm,
Dactyloriza coredygera ssp. bosniacc, Rimex belcani-
cus, Pedicularis brachyodontha and Phyleunia
pseudoorbicilare. From mountain peat-bogs of Cen-
tral Balkan high-mountain peat-bogs of Mt, Sar-planina
are differentiating by bigger representation of species
of the Central-South-European area-group (13.7%) and
Arcto-Alpine area-type (7.7%) as well as minor pres-
ence of boreal elements of flora (5.0%).

Table 1. Reviev of taxons

MOSES (BRYOPHYTA)

Brytm sehleicheri (Hedw.) Turn. (1, 3, 3)

Climacivm dendroides (L) Web. et Molir. (2)
Conocephalim conicunt (L) Dum. (1)

Cratonetron comundatiom (Hedw.) Roth. (5)

C. committtatim var. falcatiom (Brid.) Moenkem (1)
Drepanocladus exannulatus (BS.G) Warnst. (1, 2, 6)
Marchantia polymorpha L. (1, 6)

Philonotis sericita Miw. (1-7)

Sphagnum nemoretm Scop. (1, 2, 3)

VASCULAR PLANTS

Agrostis alba .. (1)

A canina L. (L, 2. 3)
Alchemilla crinita Buser (4)

| AL glabra Neygenf.(3)

Altitm sibirictim L. (3, 6)
Angelica pancicii Vand. (3)
Anthoxantbum odoratum L. (3)
Barbarea balcana Pancic (1, 3)
B. stricta Andrz. (3)

Blysmus compressus (L) Panz. (1, 5) 1
Bruckentbalia spiculifolia Rehb. (3)
Calicocorsus stipitatus (Jacq.) Rausch. (1, 3, 6)
Caltha palustris L. (1, 3)

Campanitla abietina Gris. et Sch. (1, 2)

C. scheuchzeri Vill. (1)

Caidamine glanica Sprengel (3)

C. pratensisL. (1,2, 3, 7)

C. raphanifolia Pourret (1, 2, 5)

Cards kerneri Simenk. (1, 4)




Carex canescens L. (1-7)
C. davalliana Sm. (3)
C. echinata Murr. (1-7)
C. elongalal. (G)
C. ferruginea Scop. (6)
C flava L. (1-7)
C. lepidocarpa Tausch (1, 2, 3)
C.nigra (L) Reich. (1, 2, 3)
Conigra (L) Reich.
var, macedonica nom. nud. (4, 6)
C. rostrata Stokes in With. (1, 2, 3)
C. sempervirens Vill, (1)
Cerastinnm cerastoides (L.) Britton (1, 2, 3)
Cirsirrm beterotrichim Panéic (1, 3)
Dactylorbiza cordigera (Fries) Soo
ssp. bosniaca (Beck) Soo (1)
Deschampsia caespitosa (L) P.B. (1, 2, 3)
D. flexuosa (L.) Trin. (2)
Dianthus superbus L. (1)
Eleocharis acicilaris (1) R.Br. (2, 3)
E. palustris (L) R. Br.(3)
Epilobitom alsinifoliem Vill. (1)
Epilobitn palustre L. (1, 2, 3)
FEquisetion pelustris L. (1)
Eriophorun angustifolivim Roth. (1-7)
Eriophorum vaginatiim 1. (2, 3)
Festirce rubra L. (1)
Galivtm palustrel.. (1)
Gewnm coceinerm Sibth. et Sm. (1, 3, 6)
Hieracinm alpicola Schleicher ex Gaudin
ssp. alpicola (1)
Suncus alpinus Vill, (1, 4)
S trighanis L. (4)
Leontodon autumnalis L. (1, 2, 3)
Leucorchis frivaldii (Hampe) Schlechter (1-7)
Ligusticum mutellina (L.) Crantz (1, 3)
Lusile campestris (L.) Lam. et DC.
ssp. mudtiflora (Ehr) AL et G, (1)
L. sudetica (Willd.) DC. (3)
Narduus stricte 1. (1-7)
Nartheciunm scareiciim Kosanin (4, 5, 6)
Parnassia pafusirisL. (1-7)
Pedicularis verticillata L. (1)
Pedicularis brachyodonta Schlosser & Vul. (6)
Pinguicula balcanica Casper (1-7)
Phlewm alpinimn L.
var. commitatum (Gaud.) Boiss. (1, 2, 3)
Phvterma pseudorbiculare Pant. (3)
Plantago gentianoides Sibth. et Smith (1, 3, 5)
Poa pretensis1. (1, 2, 3)
P. trivialis L. (1)
P. violacea Bell. (2)
Polygonum bistorta L. (1-7)
Potentilla palustris (L.) Scop. (1)
Primula balleri Gmel. (4)
Prunella vilgaris L. (1)
Renyncudus montanus Willd. (1)
Rumex balcanicus Rech. (1, 3)
Sanguisorba officinalis L. (1)
Saxifraga aizoides 1. (5)
Selaginella sellaginoides (L.) Link (4)
Sclevanthus neglectus Roch. (4)
Silene asterias Griseb. (1)
Tozzia alpina L. (3)
Trifolivem badium Schreb. (1-7)
T, pratense L. var. pilosum Grisel. (1)
Veratrum albun L. (1-7)
Veronica beccabungaL. (1)
V. serpyllifolia L. (1)

1 - Veljinbeski Rid

2 - Tija voda

3 - Sutman

4 - spring of Sutmanska river

5 - spring of Prizrenska Bistrica
6 - Durlov potok

7 - Celepinsko vrelo

1-7 - on all peat-bogs

VEGETATION OF HIGH-MOUNTAIN
PEATBOGS OF MT. SAR-PLANINA

Plant cover of peat-bogs of Mt, Sar-planina is
presented by mosaicly arranged asociations of peat-
bogs plants. Peat-bogs vegelation is the most devel-
opedl on plateaus which were once glacial lakes, while
around springs and upbrooks takes up just a liule
surfaces. Floristical structure and arrangment of this
associations depends of ecological influences on peal-
bog residances had caused appearing of 7 different
asociations, which are on explored area divided in 2
ordos and 4 alliances. All associations belongs to clas-
sis Scheuchzerio-Caricetea fuscae. Together with peat-
bogs associations on spring are developing vegetation
of classis Montio-Cardaminetea, which presents transi-
tional stage in development of spring peat-bogs. (Ta-
ble 2)

Table 2. Reviev of plant communities

SCHEUCHZERIO-CARICETEA FUSCAE (Nordh. 1936) R.
Tx. 1937
CARICETALIA FUSCAE W. Koch 1926 em. Nordh. 1937
Caricion cannescentis-nigrae Nordh. 1937

Sphagno nemorei-Caricetium rostratae

V. Randj., ass. nova

Eriophoro-Caricetum echinatae V. Randj., ass. nova

Carici ferruginei-Eriophoretum angustifoliae

V. Randj., prov

Caricetum nigrae scardicum V. Randj., prov.
Narthecion scardicae (Horvat 1960) Lakusi¢ 1966

Calicocorso stipitatae-Caricetum nigrae Lakusic 1964

Carici-Narthecietim scardicae Horvat 1935
Carici-Nardion V. Randj. all. nova (Hygronardetim s. )

Cavici-Nardetun strictae V. Randj. prou.

caricetosim nigrae
caricefostm macedonicae

CARICETALIA DAVALLIANAE Br. Bl. 1949
Caricion davallianae Klika 1934

Pinguiculo balcanicae-Caricetum davallianac

V. Randj. et B. Zlat. prow.

MONTIO-CARDAMINETEA Br.-Bl. et Tx. 1943
MONTIO-CARDAMINETALIA Pawl.. 1928
Cardamino-Montion Br-Bl. 1925
Bryetrm sehleicheri Br.-Bl. (1921) 1926
Rumiicion baleanici Lakusic 1965
Barbareo-Runmicetum balcanici V. Randj. prov.
Cratoneurion connnutati W. Koch 1928

Saxifragetum aizoides Horvat 1935
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Table 3. Association Sphagno-Caricetun rostratae V. Randj., ass. nova (1, 2 -Veljinbeski Rid, 3, 4 - Tija voda, 5 - Sutmansto Lake)

[ 1+ [ 2« ]| 3 | 4 [s
Character arten of association
Carex rostrata 55 32 5 55 5
Sphagnum nemoreum 13 33 +.3 1.3 +.2
Char. arten of alliance, ordo and classis
Carex nigra : 1.2 1.2 1.2
Carex cannescens +.2 12 +.2
Potentila palustris 1.1 +
Drepanocladus exannulatus ' : 33
Eriophorum angustifolium ; 12
Carex echinata : 12
Cerastium cerastioides . +
Calicocorsus stipitatus i +
Eriophorum vaginatum ; = . . +.2
Cardamine pratensis ‘ " ‘ +
Epitobium palustre : +

* Nomenclature type

Table 4. Association Eriopboro-Caricetum echinatae V. Randj., ass. nova (1, 2 -Veljinbeski Rid, 3, 4 - Tija voda, 5 - Sutmansko Lake)

[ 1 | 2 | 3] a4 s

| Character arten of association

Carex echinata 4.4 33 3.3 33 4.4
Eriophorum angustifolium 22 22 2.2 22 22
Eriophorum vaginatum i . 1.1 2 +.2
Char, arten of alliance, ordo and classis

Sphagnum nemoreum 1.3 23 33 23 23
Drepanocladus exanulatus 2.3 1.3 13 1.3 2:3
Carex nigra 22 1.2 12 1.2 1.2
Parnasia palustris 1.1 1.1 1.1 L.t +
Carex flava 1.2 1.2 +2 12 +.2
Leontodon autumnalis 1.1 1.1 + + 1.3
Pinguicula balcanica 1.1 1.1 11 + +
Trifolium badivm + 1.1 1.1 + +
Agrostis canina +.2 +2 12 +.2 1.2
Alchemilla glabra 1.1 + + + +
Leucorchis frivaldi + 1.1 1.1 = 3
Philonotis seriata 33 3 13 3 13
Carex cannescens . +.2 +2 +.2
Cardamine pratensis + + +

Dactylorhiza cordygera ssp. hosniaca + + S

Dianthus superbus +

Commons and others species

Sanguisorba officinalis + o+ ; ; 1.1
Campanula abietina + . + ‘ 4
Ligusticum mutellina 1.1 + .

Phleum alpinum v, commutatum + F

Veratrum album + 4 > : 4
Deschampsia caespitosa +.2 , +2

Lusula campestris ssp. multiflora +.2 +.2 .

Lusula sudetica +.2 p +2

Epilobium palustre + ‘ +

Eleocharis acicularis ; ; 1.2

Brium schleicheri +3

Prunella vulgaris +

Festuca rubra +.2 . .

FPoa pratensis +.2

Poa trivialis | +2

Trifolium pratensis 4

Galium palustriy +

Agrostis alba +.2

* Nomenclature type
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Table 5. Caricetum nigrae scardicum V. Randj. prov.

EEFEE
Character arten of association
Carex nigra v, scardicum 55 33 55
Pinguicula balcanica + 1.1
Char. arten of alliance, ordo and classis
Sphagnum nemoreum +.3 +.3 +3
Eriophorum angustifolium +.2 +.2 1.2
Drepanocladus exannulatus £33 y 23
Leontodon autumnale . 1.1 1.1
Philonotis seriata ’ +3 +.3
Deschampsia caespitosa . +.2 +.2
Climacium dendroides . 13
Eleocharis acicularis . 1.2
Carex cannescens ; 1.2
Carex rostrata . 1.2
Trifolium badium : 1.1
Galium palustre i 1.1 ‘
Allium sibiricum : : 1.1
Carex echinata F . 12
Eriophorum vaginatum +.2
Agrostis alba +.2
Cardamine pratensis i +
Campanula abietina i +
Epilobium palusire +
Ligusticum mutellina +
Sanguisorba officinalis ; ; -+

Table 6. Carici-Narthecietum scardicae Horvat 1935 (1, 2 - Sutman, 3 - Durlov potok) and Calicocorso stipitatae-Caricetium nigrae
Lakusic 1964 (4 - Veljinbeski Rid)

[ 1 [ 2 [ 3T 4
Char. aricn of association and alliance
Narthecium scardicum 33 22 22
Carex nigra v. macedonica 12 +.2 12 ;
Pinguicula balcanica 1.1 1.1 1.1 1.1
Leucorchis frivaldi 1.1 + 1.1 1.1
Calicocorsus stipitatus + + + 1.1
Carex nigra v. scardica . ; ‘ 22
Primula halleri + 1.1
Juncus triglumis + 1.2 i
Dactylorhiza cordygera ssp. bosniaca + ] + ;
Silene asterias . i g 4
Char. arten of ordo and classis
Eriophorum angustifolium 1.2 1.2 1.2 1.2
Philonotis seriata 1.3 +.3 23 +3
Trifolium badium + 3 + 1.1
Parnasia palustris + 1.1 ; +
Deschampsia caespitosa +.2 ’ +.2 +.2
Carex lepidocarpa 2.3 1.2
Eleocharis acicularis +.2 1.2
Sanguisorba officinalis + 1.1
Bruckenthalia spiculifolia + 1.1
Eleacharis palustris + + G
Juncus alpinus + +
Dianthus superbus + + i :
Carex flava . , ‘ 1.2
Selaginella selaginoides ; 1.1
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Association Sphagno nemorei-Carvicetum
rostratae V. Randj. ass. nova

Association Sphagno nemorei-Caricetum rostrea-
tae presents beginning stage in developing peat-bogs
vegetation. In singenetic sense this association traces
origin to swamp vegetation of alliance Magnocaricion
W. Koch 26, exactly froom aasociation Cericeliim ros-
trato-vesicariae W. Koch 26. Characteristic and domi-
nant species of association are Carex rostrata and
Sphagnunt nemoreun. 1t is developing around free
water surfaces and around bigger brooks in the shape
of naarrow vegetation zone. Further succession of this
association unfolds in the direction of the most widest
association on peat-bogs of Mt. Sar-planina, Eriophoro-
Caricetiim echinatae. The [loristical structure of asso-
ciation is shown in Table 3.

Association Eviophoro-Caricetum echinata
V. Randj., ass. nova

This association is developed on glacial lake
peat-bogs. Physiognomy of association defines the
species Carex echinata and Eriophborum angustifo-
Jlitt, which are characteristic species of association
together with Eriopborum vaginatum. According to
floristical structure association is very similar with as-
sociation Eriophoro-Caricelim flavae V. Randj. et
Radak 94 from Vlasina peat-bog (Randelovié 1994).
Differential species in relation to the quoted associa-
tion are Eriophorum vaginatum, Sphagnum
nemorewm, Philonolis seriata, Pinguicula balcanica,
Daclylorbiza cordigera ssp. bosniaca and Trifolivm
bacdlitm. Floristical structure of association is shown in
Table 4.

Association Caricelo ferruginei-Eviophore-
tum angustifoliae V. Randj., prov.

By high-mountain brooks in cirques of Mt. Sar-
planina are developing stands of peat-bogs vegetation
characterized by numerous population of species Erio-
phorim angustifolium and defferent species of the
genus Carex. Absence of sphagnum mosses and spe-
cies Carex echinata shows that it is about a special
association, which is different from the previous and
by floristical strukture and by morphology. In explored
stands on terraces by brook Dutlov potok are noted
the next vascular plant species: Carex elongata, C.
Jferruginea, C. lepidocarpa, C. nigra ssp. macedonica,
Leucorchis frivaldi, Pinguicula balcanica, Dactylo-
rhiza cordygera ssp. bosniaca, Calicocorsus stipitatiis,
Trifolivm badium, Geum coccineum and others, and
mosses Bryum schleicheri, Drepanocladits exanula-
tus, Philonotis seriata and others.

Association Caricetum nigrae scarvdicum
V. Randj. prov.

Association Caricetitin nigrae scardiciim over-
grows the edge part of glacial lake peat-bogs. Pure
stands of species Carex nigra are developing by parts
of lake peat-bogs in which water slowly moves. By
floristical structure (Tab. 5) is not essentially ditferent
from association Caricetitm goodenowii Penev 1953,
which is developing on peat-bogs of Ballkan moun-
tains. However, chaaracteristic species of association,
Carex nigra, from this peat-bogs is in a great part
different from the typical representatives of species. It
is probably word about some special infraspecific
taxon, which is for now under the name C. nigra var.
scardica. Except that, in any stands it is not recorded
another characteristic species of association Caricetin
goodenouwii, Juncus filiformis.

Alliance Narbecion scarvdicae (Horvat 1960)
Lakusic 1966

Endemic Balkan alliance of tertiary-relict origin
Narthecion scardicae on M. éz‘u'—planinn is presented
by associations Calicocorso stipitatae-Caricetitn 1ii-
grae and Carici-Narthecietum scardicae. First associa-
tion (Tab. 6) is rare and develops around springs and
edges of glacial lake peat-bogs. Characteristic species
of this association are Calicocorsus stipitatis and
Carex nigra. Distribution and floristical structure of
association on Mt. Sar-planina should be detailed ex-
plored.

Second association (Tab. 6) is more spreaded on
Mt. Sar-planina and develops around high-mountain
brooks. Characteristic and dominant species of asso-
ciation is Narthecium scardictm. Except it, in associa-
tion is reported a great number of species which are -
according to Laku3i¢ (1968) - characteristic for alliance:
Carex nigra v. macedonica, Pinguicula balcanica,
Leucorchis frivaldi and Calicocorsus stipitatis. In this
type of vegetation here are reported furncus trightmis
and Pinguicula balleri, so they could be designated as
local characteristic species of alliance.

Alliance Carici-Nardion V. Randj., all. nova

Secondary vegetation which originates by over-
growing and by gradual draining of plane peat-bogs,
characterized by domiantion of species Nards stricta
and by participation of peat-bogs elements in building
stands, most of authors keeps under provisional name
Higronardetim. However, vegetation which presents
the last stage in overgrowing of plane peat-bogs in
mountain and high-mountain zone and in which spe-
cies Narduus stricta appears in a great number, can be
divided on great number of associations. On Mt. Sar-
planina alliance is presented by association Carici-
Nardetum nigrae, which is divided on two
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subassociations: caricetosum macedonicae and
caricetostm scardicae. Characteristic species of asso-
ciation are Nardus strictaand Carex nigra. First subas-
sociation is the last stage in overgrowing of plane
peat-bogs in which dominates species Nartheciim
scardiciim. In it species Carex nigra is presented by
variety of macedonica. Second subassociation is the
last stage in overgrowing of glacial lake peat-boogs.
Carex nigra is presented by variety of scardica.

Asocijacija Pinguiculo-Caricetum
davallianae V. Randj. et B. Zlat. prov.

On places where on impermeable silicate sub-
strate from the depth is coming out water full of car-
bonate, develops vegetation of basophilic low
peat-bogs, which belongs to ordo Caricetalia daval-
lianae. On Mt. Sar-planina hitherto this type of vege-
tation is found only on spring of Prizrenska Bistrica. It
is probably about a new association in which domi-
nates species Carex davalliana, but in relation to
Central European association Caricetum davallianae
differentiate by species Pinguicula balcanica. In ex-
plored stands are noted next species Blysmus compres-
sus, Cardamine glauca, C. raphanifolia, Cratoneuron
commuttatun and Bryum schleicheri. Together with
this association on spring of Prizrenska Bistrica is de-
veloping association Saxifragetum aizoides.

Ordo Montio-Cardaminetalia Pawl. 1928

Together with peat-bogs associations on spring
developing vegetation of classis Montio-Cardami-
nelea. This vegetation on Mt, Sar-pplanina is presented
by alliances Cardamino-Montion and Rumicion bal-
canici on silicate springs and Saxifragetum aizoides
on carbonate springs on impermeable silicate sub-
strate. This type of vegetation deserves a special atten-
tion and should be detaily explored.

CONCLUSION

By analysis of flora and vegetation of explored
peat-bogs we had came to the conclusion that high-
mountain peat-bogs of Mt. Sar-planina is in great meas-
ure different not only of peat-bogs of Central and North
Europe, and also of mountain peat-bogs of Central
Balkan.

Flora of explored high-mountain peat-bogs of Mt.
Sar-planina encircles 8 species of mosses (collected
only dominant species) and 80 species of vascular
plants. Great number of endemic and relict species
(Narthecium scardicum, Leucorchis frivaldi, Silene
asterias, Calicocorsus stipitatits, Barbarea balcana,
Carduus kerneri ssp. scardicus, Cirsium hetero-
trichum, Dactylorhiza cordygera ssp. bosniaca, Ru-
mex balcanicus, Pedicularis brachyodontha and

Phyteuma pseudorbiculare) points that genesis of this
peat-bogs had started in tertiary. About strong influ-
ence oof glaciation on forming peat-bogs flora testifies
greater number of species of Arcto-Alpine area-type
(7.7%), in relation to boreal elements of flora (5.0%),
which were in period of glaciation populated mostly
the mountain region. Greate number of species of
Central-South-European mountane area-group
(13,7%) is the result of the location of this peat-bogs.

Peat-bogs vegetation belong to class Scheichz-
erio-Caricetea fuiscae and it is consist of 8 associations
from 4 alliances.

On peat-bogs wich presents former glacial lakes
in overgrowing develops mostly vegetation of alliance
Caricion cannescentis-nigrae, and the biggest surface
of this peat-bogs takes up association Eriophoro-
Caricetum echinalae.

On peat-bogs around springs and mountain
brooks develops vegetation of endemic Balkaan alli-
ance of tertiary and relic origin Narthecion scardicac.
This alliance is presented by associations Calicocorso
stipitatae-Caricetum nigrae and Carici-Narthecietum
scardicae.

On places where on impermeable silicate sub-
strate comes out water full of carbonate develops vege-
tation of basophilic low peat-bogs, which belongs to
ordo Caricetalia davallianae. This alliance on M.
Sar-planina is presented by association Pingiticiilo-
Caricetum davallianae.

The peat-bogs vegetation around springs always
follows vegetation of ordo Montio-Cardaminetalia.

Presence of great number of endemic species, the
specific of plant coverand relict character of vegetation
of high-mountain peat-bogs imposes a question of its
protection on the whole Mt. Sar-planina. This is espe-
cially related to the south-west part of mountain
(Rudoka and Vraca) which is not lieing on the borders
of the National park.

The field works are suported by Institute of Na-
ture Protection of Serbia.
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REZIME
FLORA 1 VEGETACIJA VISOKOPLANINSKIH TRE-
SAVA SAR PLANINE
Vladimir RANDJELOVIC
AMIDZIC?

x Bojan ZLATKOVIC, Lidija

Irehnoloski fakultet Leskovac, Universitet u Nisu
“Biolosko drudtvo "Dr Sava Petrovic" Nis
37avod za zastit prirode Srbije, Pristina

Analizom flore i vegertacije istraZivanih tresava
dosli smo do zakljucka da se visokoplaninske tresave
Sar planine u velikoj meri razlikuju ne samo od tresava
stednje i severne Evrope, vec i od planinskil tresava
centralnog Balkana.

Flora istrazivanih visokoplaninskih tresava Sar
planine obuhvata 8 vrsta mahovina (sakupljane samo
dominantne vrste) i 80 vrsta vaskularnih biljaka. Veliki
broj endemo-reliktnih vista () ukazuje da je geneza
ovili tresava otpocela jo3 u tecijaru. O jakom uticaju
glacijacije na formiranje flore tresava svedoci veca
zastupljenost vrsta arkto-alpskog areal tipa (7.5%), u
odnosu na borealne elemente flore (5.0%), koji su u
periodu glacijacije naseljavali uglavnom planinski re-
gion. Velika zastupljenost vrsta srednje-juznoevropske
planinske areal-grupe (13.7%) posledica je poloZaja
ovih tresava.

Tresavska vegetacija pripada klasi Schetuchzerio-
Caricetea fiiscae, a ¢ini je 8 asocijacija iz Celiri sveze i
dva reda.

Na tresavama koje predstavljaju nekadasnja
glacijalna jezera u zarastanju razvija se uglavnom vege-
tacija sveze Caricion cannescentis-nigrae, a najvecu
povrsinu ovilh tresava zauzima asocijacija Eriophoro-
Caricelum echinaltae.

Na tresavama oko izvora i planinskih potoka
razvija se vegetacija endemitske balkanske sveze terci-
jarno-reliktnog porekla Narthecion scardicae. Ova
sveza predstavljena je asocijacijama Calicocorso stipi-
tatae-Caricetiin nigraei Carici-Narthecietum scardi-
cae.

Na mestima gde na nepropustljivoj silikatnoj pod-
lozi izbijaju vode bogate kre¢njakom, razvija se vege-
tacija bazofilnih niskih tresava, koja pripada resu
Caricetalia davallianae. Sveza je na Sar planini pred-
stavljena asocijacijom Pinguicilo-Cariceium davel-
lianae.

Tresavsku vegetaciju oko izvora redovno prati
vegetacija reda Montio-Cardaminelalia.

Prisustvo velikog broja endemitskih vrsta, spe-
cifi¢nost biljnog pokrivaca i relikini karakter vegetacije
visokoplaninskih tresava namece pitanje njihove
zaltite na Citavoj Sar planini. Ovo se posebno odnosi
na jugozapadni deo planine (Vraca i Rudoka) koji ne
leZi u granicama Nacionalnog parka.
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ABSTRACT

The paper provides the results of field re-
search of high-mountain flora of the Prokletije
massifs of Nedzinat and Zuti Kamen (Yellow
Stone), northwestern range and the highest part
of Lumbardske Mt. The herbal material, based on

which, the paper was made, was collected within
the period of July 16 - 20, 1997, on this, at present,
relatively less researched area of the central part
of Yugoslav Prokletije.

Key words: Prokletije, Nedzinat Zuti Kamen, high-mountain flora

INTRODUCTION

The massifs of Nedzinat, Lumbardske Mt., Ko-
privnik, Streocke Mt. Starac, Zavoj and Cakor with
Planinica make up the mid group of Yugoslav, the
northwest part of the mountain system of Prokletije,
respectively. This group is not presented with long
ranges, but is comprised of relatively separated moun-
tains that make specific oro-morphological entireties,
as follows: Nedzinatsko-Lubardska, Koprivnicko-Stre-
ocka, Staracko-Zavojslka, and Cakorsko-Velicka. Their
geologic ground consists of Paleozoic schist, mainly of
Permian age, above which lay the Triassic limestone
and dolomites (Knezevic, 1995).

The review of our research refers to a part of
Nedzinatska-Lumbardska entirety that covers the mas-
sifs of Nedzinat and Lumbardske Mt. connected with a
vast saddle. More precisely, the evidencing of species
of vascular [lora mainly, was made along the continu-
ing range of Nedzinat within the height scope from
2,25010 2,441 ma/s/1/, and then, overthe saddle (2,344
m a/s/l/), and was continued on southeastern and
eastern slopes of Zuti Kamen (from 2,344 to 2,522 m
a/s/1/0, that represents the northwestern range and the
tallest peak of Lumbardske Mt. The vegetation of turf,
rock piles, rocky ground, around firm snow and in rock
cracks dominates on the limestone dolomite ground of
this part of Prokletije within the condition of severe
peri-glacial climate.

MATERIAL AND METHODS

Plant material from Nedzinat and Zuti Kamen was
collected and placed in herbarium within the period of
July 16 - 20, 1997.

The determination of the material placed in a
herbarium was made and checked by respective litera-
ture (Hayek, 1927-1933, Javorka et Ksapody, 1934,

Tutin - ed. 1964-1980, Josifovic - ed. 1970-1977, Saric -
ed. 1986, Saric - ed. 1992), while the determination of
floral elements was made on the basis of Stevanovic's
division (1992).

RESULTS AND DISCUSSION

During second half of July, the presence of 176
plant species, distributed into 4 sections (Table 1), was
registered in the subject area of Nedzinat and Zuti
Kamen within the height scope of 2,250 to 2,522 m
a/s/l. Of the species determined, one family belongs
to the section of Lichenophyta, two families each to the
sections of Pleridophytaand Gymnospermae, while 36
families to the section of Angiospermae Within the
section of Angiospermae, 31 families were listed in the
class of Dicotyledones, and 5 families in the class of
Monocotyledones, respectively. The most presented
according to the number of genera were the families
of Asteraceae (16), Poaceae (9), Caryophillaceae (6),
Brassicaceae and Rosaceae (5). The largest number of
species was covered by the genera ol Saxifraga (7),
Gentiana, Poa (5), Silene, Getun, Potentilla and Hier-
aciuini (4).

The area spectrum of the flora determined of this
part of Prokletije indicates the domination of mountain
elements. Within the respective, the following could
be selected: Mid-South-European Mountainous
(MSEM) presented with 25.00%, Mid-European Moun-
tainous (MEM), presented with 22.15%, and South-
European Mountainous (SEM) present with 17.05%
(Table 2). Large numbers of species, especially those
belonging to eastern element (E) of these mountainous
groups, represent endemic. Most endemic appear in
the frame of eastern South-Euro Mountainous ele-
ments (SEM/E), but these could be also found among
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Table 1. Reviev of taxons

Odeljak : LICHENOPHYTA

Fam : Parmeliaceae
1. Rod : Cetraria
1.C . islandica (L .) Ach. (1,2)
2.C . nivalis (L .) Ach. (1,2)

Odeljak : PTERIDOPHYTA

Fam : Ophyoglossaceae
1. Rod : Botrychium
1. B. lunaria (L .)Swartz. (1,2)
Fam : Polypodiaceae
1. Rod : Cystopteris
1. C. fragilis (L .)Bernh. (1,2)

2. Rod : Polystichum
1. P. lonchitis (L .)Roth (1,2)
3. Rod : Dryopteris
1. D. filix - mas (L .)Schott (1,2)

4. Rod : Asplenium
1. A. trichomanes L . (1,2)

2. A. ruta -muraria L . (1,2)
3. A. fissum Kit.Will. (1,2)
SPERMATOPHYTA
Odeljak : GYMNOSPERMAE
Fam : Pinaceae
1. Rod : Pinus
1. P. mugo Turra (1)
Fam : Cupressaceae

1.Rod : Juniperus
1. J. sibirica Burgsd. (1,2)

Odeljak : ANGIOSPERMAE
Klasa : Dicotyledones
Fam : Ranunculaceae

1.Rod : Ranunculus
1. R. carinthiacus Hoppe (1,2)

ARKT-ALP
ARKT-ALP

CIRKBOR

CIRCHOL
(arkt-oreotrop)

CIRCBOR

CIRCHOL
(subbor-merid)

COSM

(subarkt-merid)

CIRCHOL .

(arkt-merid) |
SJEP/C-E :

SEP/W - E

CIRCBOR

SEP/W - E
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2. R. conncinatus Schott (1,2)
2. Rod : Aquilegia
1. A. blecicii Pod. (1)
3. Rod : Anemone
1. A. narcissiflora L . (1)
4. Rod : Trollius
1. T. europaeus L . (1)
5. Rod : Caltha
1. C . palustris L . (1)
Fam : Caryophyllaceae
1. Rod : Minuartia
1. M. verna (L .)Hiern.ssp.
ssp.collina (Neilr.)Hall.(1,2)

2. M. bosniaca (Beck.) K. Maly (1,2)
2. Rod : Cerastium
1. C. decalvans Sch.et Vuk. ssp
dollineri  (Beck)Gaj. (1,2)

2. C. cerastoides (L.)Britton (1,2)
3. Rod : Silene

1.S. acaulis L . (2)

2. S . sendtnerii Boiss. (1,2)

3. S. macrantha (Pan¢.)Neum.(1,2)

4, S. pusilla W.K.

ssp. quadridentata (Murr.)Neum. (1,2)

4. Rod : Paronychia

1. P. kapela (Hacq.)Kern. (1,2)
5. Rod : Dianthus

1. D. integer Vis. (1,2)

1. D . microlepis Boiss. (1,2)

6. Rod : Arenaria
1. A .bifloraL. (1,2)

Fam : Polygonaceae
1. Rod : Polygonum
1. P. viviparum L . (1,2)
2. Rod : Rumex
' 1. R. acetosa L . (1,2)

Fam : Plumbaginaceae
1. Rod : Armeria
1. A . canescens Host . (1,2)
Fam : Hypericaceae
1. Rod : Hypericum
1. H. richeri Vill

SEP/E (ilir-din)
SEP/E (eilir-din)
EAZP
CIRCBOR

CIRCBOR

SE/E-POMT/W-
SUBM/E
JEP/E (din)

JEP/E(din-balk/
nskpind-z.mez)
ARKT-ALP

ARKT - ALP

JEP /E(din-balk/
skard-pind-w.mes)
JEP/E

(lok.endem Prokl.)

JEP/E (din-balk/pind)
JEP/W-E-AN
JEP/E(din-balk/skpind)
SEP/E(seilir/din-
balk/scpind-mes)
SEP/W-E(din-balk
/scpind-mes)
ARKT-ALP
CIRCHOL

(arct-submerid)

JEP/C-E -AN
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ssp.grisebachii (Boiss.) Nyman (1,2)
Fam : Violaceae
1. Rod : Viola
1. V. zoysii Wulf. (1,2)
2. V. elegantula Schott.
var. latisepala (Wettst.)Beck. (1,2)

Fam : Cistaceae
1. Rod : Helianthemum
1. H . oelandicum (L .)DC
ssp. alpestre (Jacq.)Breistr. (1,2)
2. H . nummularium (L .)Mill.
ssp. glabrum (Koch)Wilczek (1,2)
Fam : Brassicaceae
1. Rod : Arabis
1. A. alpina L .
ssp. flavescens (Gris.)Hay. (1,2)
2. A. constricta Gris. (1,2)
2.Rod : Allysum
1. A . montanum L .
ssp. scardicum (Wettst.)Hay.(1,2)

3.Rod : Draba
1. D . korabensis Kumm. et Deg. (1,2)

2. D. lasiocarpa Rochel (1,2)
4. Rod : Thlaspi
1. Th. praecox Wulf. (1,2)
5. Rod : Iberis
1. I. sempervirens L . (1,2)
Fam : Salicaceae
1. Rod : Salix
1. S . caprea L . var. caprea (1)
2.S.retusa L .
ssp. serpyllifolia (Scop.)Arcang. (1,2)
Fam : Ericaceae
1. Rod : Arctostaphylos
1. A. uva - ursi (L.)Spreng. (1)
Fam : Vacciniaceae
1. Rod : Vaccinium
1. V. uliginosum L . (1,2)
2. V. myrtillus L . (1,2)
Fam : Primulaceae
1. Rod : Androsace
1. A.villosaL . (1)
2. Rod : Primula
1. P. veris Huds.
ssp.columnae (Ten.)Hay. (1,2)
2. P. elatior (L .)Grufb.

SJEP/C-E(alp-karp-bal)

SJEP/C-E(alp-ilir-din)

SJEP(seilir/din-
balk/nscpind)

SIEP/W-E

SJIEP/W-E-KA-AN

SJEP
SJEP/C-E

SJEP/E(din -
scpind/w.mes)

SEP/E(seilir/din
-balk/nscpind)
JEP/W-E

SJEP/C-E

JEP/W-E -AN

EAZ(bor-submerid)

SEP/W-E

CIRCBOR

CIRCBOR
CIRCBOR

SEP/W-E

SIEP/W-E-AN




ssp.intricata (Gren.Godr.)Widm. (1,2)

3. Rod : Soldanella
1.S. alpina L. (1,2)
Fam : Rosaceae
1. Rod : Rubus
1.R. idaeus L . (1)
2. Rod : Dryas
1. D. octopetala L . (1)
3. Rod : Geum
1. G. bulgaricum Pané. (1,2)

2. G. montanum L . (1,2)
3. G . molle Vis. et Pan¢. (1)
4. G.rivale L. (1)
4. Rod : Potentilla
1. P . crantzii (Crantz)Beck. (1,2)
2. P. speciosa Willd. (1,2)

3. P. montenegrina Pant.
f.  minor Gajic¢ (1,2)

4.P. apenina Ten.(1,2)

5. Rod : Alchemilla
1. A. plicatula Gand. (1,2)
Fam : Crassulaceae
1. Rod: Sedum
1. S . hispanicum L . (1,2)
2.8, aere L. (1.2)
3.S.albumL .
2. Rod : Sempervivum
1. S. kosanini Praeg . (1,2)
3. Rod : Jovibarba
1. J. heuffelii Schott . (1,2)

Fam : Saxifragaceae
1. Rod : Saxifraga

1. S.adscendens L. ssp. adscendens (1,2)

2. S.rotundifolia L . (1,2)
3. S.sempervivum C.Koch. (1,2)

SJEP/W-E

SEP/W-E

CIRCBOR
ARKT-ALP

JEP/E(eilir/din
-balk/nscpind-wmes)
SEP/W-E
JEP/C-E(apen-balk)
CIRCBOR

ARKT-ALP
JEP/E(eilir/din-
balk/scpind-wmes)-AN

JEP/E(din-balk
/nscpind-wimes)
JEP/E(eilir/din-
scpind-wmes)

SEP/W-E

SE/C-SMED-WPONT
EVBOR-SE-PONT-SMED
SE-SMED/MED

JEP/E(seilir/din-
balk/nscpind)
JEP/E(s.karp-din-
balk/scpind-mes)

ARKT-ALP
SJEP/W-E-KAV-AN
JEP/E(eilir/din-
balk/scpind-wmes)
ne-AN

4. S. aizoon Jacq. var.brevifolia Engl. (1,2) ARKT-ALP

5. S. maginata Sternb. (1,2)

6. S. trydactylites L. . (1,2)
7. S. glabella Bertol. (1,2)

Fam : Fabaceae

JEP /E(apen-din
-scpind)
SE-SMED/MED
JEP/C-E(apen-din-
balk/nscpind)
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1. Rod : Trifolium
1. T.noricum Wulf. (1,2) SJEP/C-E(e.alp-
din-balk/nscpind)
2. T. badium Chreb. (1,2) SJEP/W-E
2. Rod : Lotus
1. L. corniculatus L. (1,2) EAZ (bor-merid)
3. Rod : Anthylls
1.A . vulneraria L .
ssp. pulchella (Vis.)Bornm. (1,2) SJEP/E(din-balk/scpind-
mes)
4. Rod : Onobrychis
1. O. montana DC.
ssp. scardica (Gris.)P.W. Ball. (1,2) SJEP/E(din-
balk/scpind-mes)
5. Rod : Vicia
1. V. cracca L. ssp. incana (Gouan)Rouy (1) SJEP/W-E-AN
6. Rod: Oxytropis
1. O. campestris (L. .) DC .
ssp. dinarica Murb. (1,2) - SEP/E(din-
balk/scpind)
2. O. halleri Bunge ssp. korabensis (1,2)  SEP/E(seilit/din-
balk/nscpind)
Fam : Linaceae
1. Rod : Linum
- 1. L. capitatum Kit. (1,2) SJEP/C-E(apen-din-
balk/scpind)
Fam : Geraniaceae
[. Rod : Geranium
1. G.sanguineum L . (1,2) SE-PONT
2. G.silvaticum L. (1) EVSIB (bor)
3. G. coeruleatum Schur. (1,2) SJEP/E(karp-din-
balc/nscpind  w.mes)
Fam : Polygalaceae
1. Rod : Polygala
1. P. alpestris Rchb.
ssp. croatica (Chodat)Hay. (1,2) SEP/C (apen)- E (din)
Fam : Apiaceae
1. Rod : Trinia
1. T. glauca (L .)Dumort. (1,2) SJEP/C-E(apen-karp-din-
balk)
2. Rod : Ligusticum
1. L . mutellina (L .)Cr. (1,2) SEP/C-E(alp-karp-  balk)
Fam : Gentianaceae

1. Rod : Gentiana
1. G. kochiana Perr. et Song. (1,2)
2.G.vernaL . (1,2)
3. G. punctata L. . (1,2)
4. G. nivalis L. (1,2)

SEP/W-E
SEP/W-E

SEP/C-E(alp-karp-  balk)

ARKT-ALP




5. G . tergestina Beck. (1,2)

Fam : Rubiaceae
1. Rod: Galium
1 . G. anisophyllum Vill. (1,2)
2. Rod : Asperula
1. A. cynanchica L .
ssp. montana (W.K.)Stoj. (1,2)
Fam : Valerianaceae
1. Rod : Valeriana
1. V.montana L . (1,2)
2. V. pancCicii Hal. et Bald. (1,2)

Fam : Boraginaceae
1. Rod : Myosotis
1. M. silvatica Ehrh.)Hoffm. ssp.
silvatica var.firma Cinc .et Koj. (1,2)
Fam : Scrophulariaceae
1. Rod : Verbascum
1. V. nicolai Rohl. (1)

2. Rod : Wulfenia
1.W. blecicii Lak. (1)

3. Rod : Pedicularis
1. P. brachyodonta Schloss. et Vuk. (1,2)
2. P. verticillata LL . (1,2)

4. Rod : Veronica
1. V. orsiniana Ten. (1,2)
2.V.aphyllaL . (1,2)
3. V. bellidioides L. . (1,2)

Lentibulariaceae
1. Rod : Pinguicula

1. P. balcanica Cass.(1,2)

Fam :

Globulariaceae
1. Rod : Globularia
1. G. cordifolia L .
ssp.bellidifolia(Ten.)Wettst. (1,2)
: Plantaginaceae
1. Rod : Plantago
1. P. atrata Hoppe (1,2)
Lamiaceae
1. Rod : Acinos
1. A.alpinus (L .)Moench ssp.
alpinus f. albanica Kumm.et Jav. (1,2)
2. Rod : Ajuga
1. A. genevensis L . (1,2)
3. Rod : Thymus

Fam :

Fam

Fam :

SJEP/C-E(apen-
din-scpind)

SJEP/C-E

SE/C-SMED- PONT/W

SJEP/W-E
SJEP/E(seilir/din-
nscpind)

EAZ (subor-temp)
JEP/E(seilir/din-
nscpind)

SJEP/E
(lok.end.Prokl.)

SJEP/E (ilir-din)
ARKT-ALP

SJEP W/E
SEP/W-E
SEP/W-E

SJEP/E(din-
scpind-mez)

JEP/W-E-AN

SIEP/W-E

SJEP/C(alp/apen) -E(din)

SE-PONTIJSIB-KA
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1.

Th. zygiformis (H. Braun)Jalas (1,2)

2. Th. longicaulis Presl .(1,2)
4. Rod : Stachys

1.

S. tymphaea Hausskn. (1,2)

Fam : Campanulaceae
1. Rod : Phyteuma

1.

Ph. orbiculare L . (1,2)

2. Ph. confusum A. Kern.(1,2)
3. Ph. pseudorbiculare Pant. (1,2)

2. Rod
1

: Edraianthus
. E. montenegrinus Horak. et Lak.(1,2)

2 . E. graminifolius (L.)DC

var. alpinus (Wettst.)Janh. (1,2)

1. Rod : Jasione
1. J. laevis Lamm. ssp. orbiculata Gris. (1,2) STEP/C-E(apen-

Fam : Asteraceae

1. Rod:
1.

Aster
A . alpinus L . f. dolomiticus
(Beck.)Mor. et Nyardy (1,2)

2. Rod : Antennaria
1. A. dioica (L. )Gaertn.

3. Rod:
1.

4. Rod:
1.

var.australis Gris. (1,2)

Anthemis

A. montana L .

var. cronia (Boiss.etHeldr.)Boiss. (1,2)
Achillea

A. lingulata W.K. (1,2)

2. A. abrotanoides Vis. (1,2)

3. A.clavenae L . (1,2)

5. Rod:

6. Rod:

Doronicum

1. D. columnae Ten. (1,2)
Amphoricarpus

1. A. neumayeri Vis . (1)

7. Taraxacum
1. T. officinale Web.

ssp. nigricans (Kit.)Hegi (1,2)

8. Rod : Crepis

1. C. incarnata (Wulf.)Tausch.

ssp. dinarica (Beck.)Hay. (1,2)

8. Rod : Hieracium

1.

H . bauhini Bess. (1,2)

2. H. murorum L . (1,2)
3. H. villosum Jacq. (1,2)

JEP (apen-din
-skpind/w.mes)

SJEP/C-E

SJEP/C-E

SEP/C-E

SEP/C-E
SEP/E(din-scpind)

JEP/E (din)

JEP C-E(apen)-E (din-balk/

skpind-w.mes)

karp-din-balk)

ARKT-ALP

CIRCBOR

SJEP/W-E
SJEP/E(karp-balk)
SJEP/E(din-
scpind)
SJEP/C-E(alp-din)
SJEP/C-E-KAV-AN
JEP/E(seilir/din)
SEP/C (alp)-E(din-
balk-karp)
SEP/C(ealp)-E(din)
SE-KA

SE-BOR(evr)
SEP/C-E




4. H. piliferum Hoppe (1,2)
9. Rod : Homogyne
1. H. alpina(L .)Cass. (1,2)
10. Rod : Erigeron
1. E . polymorphus Scop. L . (1,2)
11. Rod : Scorzonera
1.S . rosea W.K. (1)
12. Rod : Senecio

SEP /W-E(din-karp)
SEP/W-E
SEP/W-E

SJIEP/C-E

1. S. abrotanoides ssp. carpaticus Herb. (1,2) SEP/E(karp-balk)

13. Rod : Carduus

1. C. carduelis (L.)Kern.(1,2)
14. Rod : Leontodon

1. L . montanus Lam. ssp.

SEP/C(ealp)-E(din)

montaneormis (Widder)Finch&P.D. (1,2) SEP/C (alp-apen)E(din)

15. Rod : Gnaphalium

1.G . supinum L . (1,2)
16. Rod : Campanula

1. C. rotundifolia L . (1,2)

Klasa : Monocotyledones

Fam : Iridaceae
1. Rod : Crocus
1. C . veluchensis Herb. (1,2)
Fam : Liliaceae
1. Rod : Veratrum
1. V. album L . ssp loblianum(1,2)
2. Rod : Lilium
1. L . albanicum Gris. (1)
3. Rod : Fritillaria
1. F. messenensis ssp. gracilis (1)
4. Rod : Scilla
1.8, bifolia L. £1.2)
Fam : Orchidaceae
1. Rod : Nigritella
1. N. nigra (L .)Rchb. (1,2)
2. Rod : Leucorchis
l. L . albida E. Mey. (1,2)
3. Rod : Gymnadenia
I. G. conopsea (L .)R.Br. (1,2)
Fam : Juncaceae
1. Rod : Luzula
I . L. sudetica (Willd.)DC (1,2)

2. L . luzuloides (Lam.)Dandy et Wil. (1,2)

3. L. campestris (L. .)Lam. (1,2)
2. Rod : Carex
1. C . laevis Kit . (1,2)

ARKT-ALP

CIRCBOR

JEP /E

EAZ (arkt-temp)
SIEP/E
JEP/C(apen)-E(din)

SE

ARKT-ALP
ARKT-ALP (evr)
EAZ (bor-temp)
ARKT-ALP

SE
SE/C-E-BOR/WSIB

SJEP/C(apen)-E
(din-balk/scpind-w.mes)
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Fam : Poaceae

1. Rod

2. Rod

var. subincrassatum Gris. (1,2)
2. Ph. alpinum L . var. alpinum (1,2)

2. C . pallescens L . (1,2)

3. C. ornithopoda Willd. (1,2)

4. C. sempervirens Vill. (1,2)

: Anthoxanthum

1. A.odoratum L . (1,2)
: Phleum

1. Ph. michelii All.

3. Rod : Bromus

4. Rod

5. Rod

6. Rod

7. Rod

8. Rod

9. Rod

1. B. erectus Huds.

var. transilvanicus (Strnd.)Beck. (1,2)

: Poa

1. P. bulbosa L. . f. vivipara Koch. (1,2)
.P.alpina L . f viviparaL . (1,2)

[Ro]

3. P. ursina Vel. (1,2)

4. P. pumila Host. (1,2)

5. P. supina Schr. (1,2)

: Festuca

1. F.violaceae Gaud. (1,2)

2.F.rubraL . (1,2)
3. F. halleri All ssp.

scardica (Gris.)Markgr.-Dannenb.(1,2)

. Nardus

1. N. stricta L . (1,2)

: Sesleria

1. S. nitida Ten. (1,2)
balk/nscpind)

2. S. coerulans Friv. (1,2)
: Avenula

1. A. versicolor Vill . Lainz .(1,2)

: Alopecurus
1. A. gerardi Vill. (1,2)

SE - KA - CAZ
ARKT-BOR - SEP/W-E
SEP/W-E

EAZ/W-C

SIEP/C-E - KAV -AN
SEP/W-E

SE

EAZ/W-C

ARKT-ALP
SEP/E(karp-balk)
SEP/C-E(karp-din-balk)
BOR(Scand-wsib-SEP/W-E
SEP/C(alp-apen)
E(din-balk)
EAZ/W-C(bor-submerid)
SEP/E(din-scpind)
BOR-SE(evr)

JEP/E(din-

JEP/E (karp-balk)

SEP

SJEP/W-E-KAV-AN

1.

NedZinat

2. Zuti kamen
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Tahle 2. Floral elements of plant species registered in the high-mountain zone of Nedzinat and

Zuti Kamen.

Elementi flore broj vista %

SIEP/C-E 17 9,66
SIEP/E 11 6.25
SIEP/W-E 7 3.98
SIEP/W - E-KAV - AN 3 1.71
SIEP/W - E - AN 2 1.14
SJEP 2 1.14
SIEP/C-E-KAV - AN 2 1.14
SIEP 44 25.00
JEP/W -E 15 8.53
JEP/C-E 12 6.82
JEP/E 9 512
JEP 2 1.14
JEP/W - E - AN 1 0.57
JEP 30 17.05
ARKT-ALP 17 9.96
SE 3 1.71
SE/SMED - MED 2 1.14
SE/ C - SMED-WPONT 2 1.14
SE/E-PONT /W - SUBM /E 1 0.57
SE- PONT 1 0.57
SE - PONTIIS - KA 1 0.57
SE /C-E-BOR / WSIB 1 0.57
SE - BOR 1 0.57
SE - KA - CAZ 1 0.57
SE - KA 1 0.57
SE 14 7,95
EAZ 5 2.84
EAZ/W-C 3 1.71
EAZP 1 0.57
EAZ 9 5.11

EVSIB 1 0.57
EVRBOR-SE-PONT-SMED 1 0.57
CIRCBOR 12 6.84
BOR - SEP 1 0.57
BOR-SEP /W - E 1 0.57
CIRCHOL 4 2.27
COSM 1 0.57

Abbreviations:

AN - Anatolian

Arct-Alp - Arctic-Alpine

Bor - Boreal

CIRCHOL - Circum-Hole-Arctic
EAS(EAZ) - Euro-Asian

EASM(EAZP) - Euro-Asian Mountainous
EUSIB(EVSIB) - Euro-Siberian
SEM(JEP) - South-European Mt.

E - Eastern C - Central

MEM(SEP)-Mid-European Mountainous
MSEM(SJEP) - Mid-South-European Mt.
CAU - Caucasian

Scand - Scandinavian

1ll/Din - Illyrian Dinaric

Balk - Balkan

SCPIND - Scardus - Pindus

Mes - Messian

W - Western
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eastern Mid-European Mountainous (E/MEM) and
eastern Mid-South-European Mountainous (MSEM/E)
elements. Primarily representing the continuity of an-
cient Tertiary [lora, these elements appear as the com-
bination of llyrian - Dinaric (Ilir-Din), Messian (Mes),
Scardo-Pindus (ScPind), or Balkan (Balk) endemic of
western (w), eastern (e), or central (C) dispersion. Of
the total of 176 registered species, 33, 18.75% respec-
tively, are the endemic of narrower dispersion that,
together with sub-endemic species, present at nar-
rower space ol Alpine - Carpathian -Balkan-Apennine
entirety, make up 35.23% of endemic Hlora. The local
encdemic of Prokletije, Wulfenia blecicii and Silene
meacrantha, as well as, the Dinaric endemic of Reanin-
cutlus oreophilus, Aquilegia blecicii, Minuartia bos-
nicca, Pedicularis brachyodonta and Edrianthus
H.'(HH(_’JI(’g!'.’-IHUS.

In addition to the mountain elements of South
and Mid Europe of various origin and age, large num-
ber of glacial species of Arctic - Alpine dispersion
(Arct-Alp - 9.96%) appear on this part of Prokletije,
joined by the Circum-Boreal species (CircBor - 6.81%).
This inclicates that Pleistocene glaciation strongly af-
fected the flora of Proldletije, not only with regard to its
poverty in oro-Mediterranean species, but also regard-
ing simultancous enrichment of glacial newcomers
from the Arctic, or northern parts of European taiga.

The presence of Circum-hole-Arctic elements
(CIRPOL - 2.24%), as well as, of highly heterogeneous
groups ol Mid-European (ME - 7.95%) and Euro-Asian
(EA - 5.11%) area types of various photo-genesis and
dispersion direction, macle floral genetic structure of
high-mountain area of Nedzinat and Zuti Kamen more
complex.

CONCLUSION

Some 176 plant species, listed into 41 families and
4 sections, as follows: Lichenophyta, Pteridophyta,
Gymnospermae and Angiospermae were registered in
the high-mountain region of the Prokletije massifs of
Nedzinat and Zuti Kamen during second half of July
1997. According to the number of families and species,
the most present section is Angiospermae presented
with 31 families in the frame of Dicotyledones and with
5 lamilies in the frame of class of Monocotyledones.

The Mid-European Mountainous (MEM), Mid-
South-European Mountainous (MSEM), South-Euro-
pean Mountainous (SEM) and Arctic-Alpine (Arct-Alp)
elements precdlominate in the area spectrum of the
species determined, indicating that present {lora of this
part of Prokletije primarily represents the continuity of
tertiary oro-Mediterranean flora, enriched by glacial
newcomers of Arctic-Alpine origin.
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VISOKOPLANINSKA FLORA NEDZINATA 1 ZUTOG
KAMENA (PROKLETIJE)

s “. 2
Lidija AMIDZICI, Zoran KrRivOSg)~
1Zavod za zastit prirode Srbije, Odsek za biologiju
PMF-a Univerziteta u Pristini
20dsek za biologiju PMF-a Univerziteta u Pristini

U ovom radu su prikazani rezultati terenskih is-
traZivanja visokoplaninske flore NedZinata (2441 m
n.v.) i Zutog kamena (2522 m n.v.), severozapadnog
grebena i najviseg vrha Lumbardske planine.

NedZinatsko-lumbardska oromorfoloska celina
zajedno sa Streo¢ko-zavojskom i Cakorsko-velickom
¢ini srednju grupu jugoslovenskog, odnosno,
severozapadnog dela planinskog sistema Prokletije.
Na krec¢njacko-dolomitskoj podlozi u uslovima surove
periglacijalne klime visokoplaninske zone ovog dela
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Figure 1. Part of Nedzi

Prokletija, egzistira vegetacija rudina, kamenjara, u
pukotinama stena i oko snezanika. Gradi je 1706 regis-
trovanih biljnih vrsta raspodeljenih u 4 odeljka. Od
ovog ukupnog broja odeljku Lichenophyta pripada 1
familija , odeljcima Pteridophyta i Gymnospermae po
2 familije, a odeljku Angiospermae 36 familija . U
okviru odeljka Angiospermae 31 familija je svrstana
u klasu Dicotyledones a 5 familija u klasu Monocoty-
ledones. Najzastupljenije po broju rodova su familije
Asteraceae (10), Poaceae (9), Caryophyllaceae (6),
Brassicaceae i Rosaceae (5). Najveci broj vrsta je
obuhvacen rodovima Saxifraga (7), Gentiana , Poa (5),
Silene, Geum, Polentilla i Hieracium (4).

Areal spektar determinisane flore ovog dela
Prokletija ukazuje da dominiraju planinski elementi .
U okviru njih mozemo izdvojiti srednje juznoevropsko
planinske (SJEP - 25,00 %), srednjeevropske planinske
(SEP - 22,15 %) i juznoevropske planinske (JEP - 17,05
%) . Veliki broj vista , posebno onih koje pripadaju
istoénim elementima (E) ovih planinskih grupa , pred-
stavlja endemite . Najveci broj endemita se javlja u
okviru isto¢nih juZnoevropsko-planinskih elemenata
(JEP / E), ali ih ima i medu isto¢nim srednjeevropskim-
planinskim (E/SEP) i isto¢nim srednjejuznoevropskim
-planinskim (SJEP / E) elementima . Prvenstveno pred-
stavljajuci kontinuitet drevne tercijarne flore , ovi se
elementi javljaju kao kombinacije dinarskih (din),
mezijskih (mes) , skardo-pindskih (scpind) ili balkan-
skih (balk) endemita zapadnog (w), isto¢nog (e) ili
centralnog ( C ) zracenja. Od 176 determinisanih vrsta

2y

at and Zuti Kamen, from which, the piant material was collected

-y

, 33 , odnosno, 18,75 % su endemiti uZeg rasprostran-
jenja koji zajedno sa subendemi¢nim vrstama prisut-
nim na delovima planinskih regiona alpsko-karpato-
-balkansko-apeninske celine, ¢ine 35,23 % endemi¢ne
flore . Posebnu specihi¢nost predstavljaju lokalni en-
demiti Prokletija , Wulfenia blecicii i Silene macrantha
kao i endemiti dinarida Ranunculus oreophilus ,
Aquilegia Dblecicii, Minuartia bosniaca, Pedicularis
brachyodonta i Edraianthus montenegrinus .

Pored planinskih elemenata juzne i srednje
evrope razlicitog porekla i starosti, na ovom delu Prok-
letija se javlja i veliki broj glacijalnih vrsta arkticko-al-
pijskog rasprostranjenja (ARKT-ALP - 9,96 %) kojima
se pridruzuju cirkumborealne viste (CIRCBOR - 6,81
%) . Ovo ukazuje da je pleistocenska glacijacija snazno
uticala na floru Prokletija ne samo u smislu njenog
siromadenja u oromediteranskim tercijarnim tak-
sonima , nego i u smislu istovremenog bogacenja
glacijalnim pridoglicama sa arktika ili severnih delova
evropske tajge.

Florogenetsku strukturu visokoplaninske oblasti
NedZzinata i Zutog kamena jos vie usloZnjava prisustvo
cirkumholarktickih elemenata (CIRCHOL-2,24 %), kao
i veoma heterogene grupe srednjeevropskih (SE - 7,95
%) ievroazijskih (EVR - 5,11 %) areal tipova razlic¢ite
florogeneze i pravaca zracenja.

Received: February, 1998.
Accepted: March, 1998.
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Figure 3. The Zuti Kamen Firm Snow

Figure 5. Viola zoysii Wulf.
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The Influence of an Increased Concentration of
Zinc-chloride on Drosophila malanogaster Longevity

Svetlana BASANOVIC

The Pristina Museum, The King Milutin Square No. 13, Pristina, Yugoslavia

Abstract

The effect of zinc-chloride (10% and 20%)
and of optimal living conditions on the longevity
variability of Drospobila melanogaster, coming
from Kosovska Mitrovica and Mojave Desert -
California, were examined. The offspring,
brought into homozygous and heterozygous
state by the techniques of crossbreeding, for the

second and third chromosome, was also studied.
Significant genetic load was found regarding the
longevity within all breeding conditions. The
results were discussed concerning the main-
tenance of genetic variability in natural popula-
tions through inter-genes interactions and the
genes and environment interactions too.

Key words: Drosophila melanogaster, longevity, zinc-chloride, genetic load, genetic variability.

INTRODUCTION

The longevity is considered to be an important
component of adaptive value, especially in organisms
that are fertile during whole life, as is the case with the
species ol Drosophila genus. Numerous papers have
indicated that longevity represented a metric charac-
teristic with polygenic inheritance manner. Certain re-
sults suggest the longevity could be controlled by the
polygenes with epistatic interactions (Clarcke and
Maynard Smith 1955, Lints 1980, Boirgois and Lints
1982). According to Luckinbill et all. 1985, the longev-
ity is under polygenic control with the participation of
all chromosomes. The respective should suppose that
there have to be genes controlling the process of aging.
However, as natural selection did not succeeded in
eliminating "the genes of aging", thus the evolution
theory of aging is explained in two ways (Abrams and
Ludwig 1995), as follows: by the mutation-accumula-
tion theory and the pleiotropic theory respectively. The
first one is non-adaptive theory based on the selection
weakness against the modifier genes, delaying the time
of harmful gene action. The second one is the adaptive
theory providing the aging is the result of the selection
of pleiotropic genes for the useful effect characteristics
in the first stage of life, while with harmful ones, in the
later period of life.

Experiment results, contributing to the pleiot-
ropic theory (Rose and Charlesworth 1980, 1981 a,b.,
Tucic et al. 1988, Service 1993, Hughes and Charles-
worth 1994), are more numerous, thus, it may be stated
that pleiotropic genes are mainly responsible for the
organism process ol aging. The correlation between
the fitness components, found by the pleiotropic the-
ory representatives, suggested the genetic changes,
that lead toward the aging of an organism, are a part
of the overall ontogenesis.

The experiment objective, here, is to confirm the
thesis, through the research of longevity of homozy-

-

gotes and heterozygotes of various population of D.
melanogaster in various living conditions, that genetic
recessive changes are the result and consequence of
aging, i.e., these mostly resulted from programmed
processes.

MATERIAL AND METHODS

The research was made on the samples of D.
melanogaster coming from Kosovska Mitrovica and
Mojave Desert - California. The gnats were first brought
into homozygous state for the second and the third
chromosome pair. The experimental procedure of
separating certain chromosomes into homozygous
state was described by Marinkovic and Krunic (1967).
It should be mentioned that, in this experiment, as a
difference to previous ones, females were used instead
of males, as the initial carriers of wild type of chromo-
somes from the natural populations. The respective
created the conditions that "wild" chromosomes were
combined and expressed in their own "wild" cyto-
plasm. Simmons et al. (1980) shown the importance of
cytoplasm for the expression of [itness characteristics
in homozygote and heterozygote chromosomes of D.
melanogaster. )

The procedure consisted of the following: a fe-
male from the wild population +"/+"2 +"31/+"'2 was
crossed with several males of standard marker line
with balanced second and third chromosome Cy/Pm
Sb/Ubx. Marker lines had mutant dominant genes cre-
ating visible morphologic changes. Each of these chro-
mosomes had homozygote lethal recessive mutations,
as well as, other inversions preventing the crossing
over. From the P1 generation offspring, only one fe-
male was selected +"/Cy +"3/Ubx, or +"o/Pm +"2/5b
that was again crossed with the marker line males. In
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Tabie 1. The Review of Dead Homozygote and Heterozygote Population Individuals of D. melanogaster coming froim Kosovska Mitrovica

Ngevity 2 (3 [4]5 [6 |7 |8 [9 [0

12 | 13§ 1] 1s 16 | 17 | 18 | 19 | 20 Days

[Tomozygote
20% ZnCl2 | 6 |23 |58 [39 |18 4 3 1 3 2
N=158

Heterozygote
20%ZnCI12 1 |16 |53 ]|25 |26 |21 p ) 1
N=149

Homozygole
10% ZnCil2 6 |22 |50 |37 |29 |12 3 4 3
N=199

Heterozygote
10%%nC12 13 |33 |40 |20 |21 1] 13 I 3
N=208

Longevity 2 |46 |8 10 |12 |14 16 |18 |20

22 (24 |26 |28 |30 |32 (34 |36 |38 |40

lomozygote
K N=195 1 113 5 26 |43 [24 |37 yd

Heterozygole
K N=208 1 1 10 9 35 |48 54 27 29

Table 2.The Review of Dead Homozygote and Heterozygole Population Individuals of D. melanogaster coming from Mojave Desert - Cali-
Jornia

Longevity 213 4 |5 6 7 ] 9 10 | 11

12 13|14 15|16 |17 18 | 19| 20 Days

Homozygote
20% ZnCl12 | 3 |18 |32 |25 (24 |15 1 13 3 )
N=154

Heterozygote
20%ZnC12 11 |53 | 57 |34 10 6 3 4 1
N=204

Homozygote
10% ZnCl12 1217 113 |23 6 6 4 3 3
N=103

Heterozygote
10%7nC12 I 11120 |24 |25 13 6 1 11
N=200

Tonzevity 24 68§ |10 |12 [14 |16 |18 |20

22 (24 |26 |28 |30 (32 |34 |36 |38 |40 42

Homozygote
K N=147 2 |4 3 18 |11 15 |24 |24

4 7 5 3 4 4 4 8 3

)

Heterozygote
K N=151 2 1 3 19 13 3 4

5 6 |24 |21 |17 |11 3

wa
n

the next F2 generation, in addition to other combina-
tions, the following were also obtained: +"%Cy +"/Ubx,
+YPmn +"/Ubx, +%Cy +"/Sb, +"/Pm +"4Sb, that con-
sisted of the same "second" and "third" chromosome
coming from the natural population. By inter-crossing
the males and females, carrying one of these combina-
tions, the homozygotes for "second" and "third" pair of
chromosomes were obtained in F3 generation. The
homozygous lines for the second and third chromo-
some, from both samples of D. melanogaster were
selected in such a manner. The heterozygotes for the
second and third pair of "wild" chromosome was ob-
tained by crossing the individuals of various homozy-
gous chromosome (lines) of a population, just before
the beginning of the experiment. The genotypes, ex-
periencing the elimination of recessive genes (muta-
tion), that decrease the fertility completely or severely,
were received by separating the homozygous lines.
Through the research series of toxic effect of
various concentrations of zinc-chloride on the adap-
tive component values, over the Drosophila
melanogaster sample from the natural population, a
semi-lethal doze of zinc-chloride (20% ZnC12) was
determined and a decision was made to examine the

effects of 10% and 20% ZnC12 against the longevity of
adult homozygous and heterozygous lines of Mitrovica
and Californian population of D. melanogaster. The
longevity was defined as the adult gnat life duration
from the eclosion till the death. The gnats were kept in
70-ml vials with Kalmus substrate covered with two
drops of zinc-chloride certain concentration. The gnats
of homozygous or heterozygous lines of one popula-
tion were collected and distributed as 50 individuals in
each vial. Each "treatment", as well as, the control had
at least three replicas. Dead gnats were calculated each
day, and each fifth day, were transferred to a new
substrate. An average longevity was determined and
the statistic significance of comparing results was es-
tablished by the t-test.

RESULTS

Based on the review of the gnats died, given in
Tables 1 and 2, an average longevity of homozygous
and heterozygous lines of both examined populations
was calculated (Table 3). The results indicated that the
heterozygotes lived longer compared to homozygotes,
within all breeding conditions. The fact, the differences
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Table 3 Average Values of Longevity in Days, for the Homozygote and Heterozygote Lines for the 2nd and 3rd Chromosome, Natural
Population of D. melanogaster, coming from Kosovska Mitrovica and Mojave Desert - California, in Various Breeding Conditions.

10% ZnC12 20% ZnC12 Control
Lines - + SE - + SE - + SE
X - X - X -
Hetero. KM 8.51 & 0.56 502 % 0.12 1998 + 0.4
Homo. KM 8.17 # 0.32 464 0.14 1732 % 0.42
Hetero. MD 12.68 = 0.69 al + 02 2325 + 0.62
Homo. MD 898 & 0.55 6.25 + 0.25 18.55 + 0.53

Table 4 T-test results Obtained for the Difference of Longevily Between Homozygote and/or Heterozygote Lines, for the 2nd and 3rd Chro-
masome of the Population of D. melanogaster, Coming from K. Mitrovica and M. Desert.

Lines 10% ZnC12 20% ZnC12 Control
Homo. KM 0.83 2.11% ' 4,59
Hetero. KM df=405 df=305 df=546
Homo. MD 4. 2%k 2.31* 5.4r*x
Hetero. MD df=301 df=356 df=298
Homo. KM 1.27 5.5k 1.81
ITomo, MD df=300 df=310 df=340
Hetero, KM 5.64%%* 2.0% 4 4%
Hetero. MD df=406 df=351 df=504
** p<0.01

* p<0.05 *¥* p<0.001

are mainly statistically significant, is confirmed by the
t-test results, given in Table 4, indicating a significant
share of genetic constitution toward the survival of
adult individuals, which also had an impact on the
daily variability of the gnats died (Table 1 and 2). If the
results of the populations are compared, one can ob-
serve, the Mojave Desert gnats live longer (Table 3).
Those differences are statistically significant among
heterozygote lines in all breeding conditions, while
among homozygote, only on the substrate with 20%
zinc-chloride (Table 4). The significance of genetic
constitution regarding the longevity is also indicated
on the graphic presentation of survival of various
populations. (Figure 1), with the genetic differences
being especially emphasized in optimum environ-
mental conditions.

The longevity is in correlation with the degree of
the substrate contamination. Thus, gnats bred on 20%
zinc-chloride live the shortest life, and on the control
sample, the longest one. The environmental factor
indicated to be significant in the daily variability of the
gnats died, and was often above the genetic influence
(Table 1 and 2). The largest number of deaths per day
was in case of contaminated substrate, in both, the
homozygote, or heterozygote individuals of various
samples. Thus, in case of substrate with 20% zinc-chlo-
ride, the top was achieved at fourth day of life already,
while, in case of substrate with 10% zinc-chloride, the
most critical were fifth and sixth day of life. In case of
the control group, there were no sharp shifts; an in-
creased mortality began with 12th day.
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Percentage of Survivin 2 Individuals

7 Heterozyzote 20% MD —‘
Heterozygote 20% KM

=== == Heterozygote 10% MD
e Heterozygote 10% KM
—=— == Heterozygote Control MD
— —g—. Heterozygote Control KM
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e B I |
45 Eo 55

Longevity.

Figure 1. The Longevity of Heterozygole Genolypes of Mitrovica and Californian Population of D. melanogaster, with Various Environ-
mental Conditions

DISCUSSION

Numerous researches discovered the existence of
significant loads on the longevity of the species of
Drosophila genus. Marinkovic (1975), Andjelkovic et
al. (1979), Marinkovic and Tucic (1982), Marinkovic
and Bajraktari (1982) have shown that the genetic,
recessive changes were the result of and caused by
aging, and the respective usually had harmful effect in
homozygote state, regarding relative survival and lon-
gevity. The respective assumed, the genetic load is
hereditary regarding the longevity (Andjelkovic et al.
19790, and the increase of load is probably due to the
accumulation of recessive mutations.

However, some results do not indicate significant
difference in longevity between homozygotes and het-
erozygotes (Marinkovic and Wattiaux 1967). In deter-
mining the adaptive values of the component, the
authors explain the absence of difference because of
unequal role of genetic factors placed in various chro-
mosomes. Their results, however, indicate that, even
apart from the absence of difference between homozy-
gotes and heterozygotes, there is a significant pheno-
type variability of longevity that speaks of an
independent action of these parameters.

The impossibility of the selection to increase the
longevity suggests that, great phenotype variability in
longevity of D. melanogaster does not depend of the
precise set of genes, or polygenes with additive action
(Lints et al. 1979). Parsons (1977) determined high
level of environmental variability. It has been almost
impossible to make a clear distinction between the

genetic and environmental factor in the determination
of longevity. Clare and Luckinbill (1985) indicated the
longevity of D. melanogaster varies as a result of gene
- environment interaction and is strictly determined by
the environmental conditions during its pre-adult de-
velopment. Impossibility of earlier studies in selecting
the gene of longevity Luckinbill and Clare (1985) ex-
plained by significant gene - environment interactions.

The existence of significant genetic loads, in our
paper on, longevity is in contradiction with the results
obtained for fecundity and pre-adult survival of the
same genotypes (Basanovic 1994). This could be the
consequence of pleiotropic gene action, as these were
the genotypes with the selection made regarding the
harmful genes in the first stages of life. Negative corre-
lation also indicates, the same gene complexes do not
have to participate in the determination of fitness com-
ponents from early and late period of life. Marinkovic
(1985) supposed these were the processes covering
the whole genome. Rose and Charlesworth (1980),
Tucic et al. (1987), Parsons (1977) indicated that the
genetic component is an important one in the overall
variability of longevity in various populations. The
differences discovered in the paper between the ho-
mozygote and heterozygote within the population, as
well as, among the populations (Table 4) confirm that,
various genic arrangements in these chromosomes
result in significant phenotype variability of longevity.
A significant genetic variability is also present in case
of zinc-chloride treatment (Table 4), although its toxic
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characteristic is strong. A discovered genetic variability
assumes that changes leading to the organism aging
are programmed (Tucic et al. 1980, Marinkovic and
Tucic 1982, Marinkovic 1985).

CONCLUSION

Significant genetic loads of longevity were dis-
covered, even in the conditions of strong toxic action
of zinc-chloride, that leads to the conclusion, the ge-
netic variability is an important component and is
probably the result of a programmed process in the
overall variability of longevity.

The genetic load of longevity is in negative cor-
relation with the results obtained for fecundity and
pre-adult survival. This assumes that, genes with
pleiotropic action participate in the determination of
fitness components with a useful effect in the first stage
of life, and harmful one in the later period of life,
respectively.

High level of environmental factor in daily vari-
ability of dead individuals was determined, suggesting
that, genetic variability maintenance be done, not only,
through the inter-genes interactions, but also through
the interaction of genes and environment
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REZIME

UTICA] POVECANE KONCENTRACIE CINK-HLO-
RIDA NA DUZINU ZIVOTA KOD DROSOPHILA
MELANOGASTER

BASANOVIC Svetlana
Muzej u Pristini, Trg Kralja Milutina 134, Pristina, Yu-
goslavija

U raclu je ispitivan efekat cink - hlorida (10 i 20%)
na varijabilnost duZine Zivota u Drosophila melanogas-
ter, poreklom iz Kosovske Mitrovice 1 iz Mojave Desert
- Kalifornija. Studirano je potomstvo koje je specijalnim
tehnikama uki3tanja dovedeno u homozigotno i het-
erozigotno stanje za drugi i treéi hromozom, §to ¢ini
oko 80% od ukupnog genoma vinske musice. Vinske
musice su drzane u teglama od 70ml na Kalmusovom
supstratu, premazanom sa po dve kapi odredene kon-
centracije cink - hlorida.

Rezultati su pokazali da u svim uslovima gajenja
heterozigoti duZe Zive od homozigota, 5to govori o
znacajnim geneti¢kim opterecenjima, ¢ak i u uslovima

jakog toksi¢nog dejstva cink - hlorida (Tabele 3 i 4).
Rezultati su u negativnoj korelaciji sa onima koje smo
dobili za fekunditet i preadulino prezivljavanje. Posto
smo radili sa genotipovima kod kojih su u prvim stadli-
jumima Zivota eliminisani Stetni geni, to pretpostavlja
da u determinaciji ove fitnes komponente ucestvuju
geni sa plejotropnim dejstvom, (j. sa korisnim efektom
u prvim stadijumima Zivota a Stetnim u kasnijem peri-
odu Zzivota,

Sredinski faktor se polazao znacajnim u dnevnoj
varijabilnosti uginulih musica, pa je ¢esto nadmagivao
geneticki uticaj (Tabele 1 i 2). Tako je na kontaminira-
nom supstratu najveci broj uginulih musica naden u
toku istog dana, kako kod homozigota tako i kod
heterozigota. To sugeriSe da se odrzavanje geneticke
varijabilnosti obavlja ne samo preko intergenskil in-
terakcija vec i preko interakcije gena i sredline.

Received: April, 1998.
Accepted: May, 1998.




UNIV. THOUGHT,
Nat. Sci., 1998, V(1): 119-124
Pristina, Serbia

UDC: 591.134 (594.5)

ORIGINAL SCIENTIFIC PAPER

Mathematical indicators of the spiral growth of Ammo-
nite with its mechanical and biological interpretation

Ranko BABIC

Faculty of Electrical Engineering, University of Pristina, 38000 Pristina, Yugoslavia, babic@prishtina.com

Predrag JAKSIC

Faculty of Natural Sciences and Mathematics, Dept. of Biology, University of Pristina, Pristina

Aleksandar LJAMIC

Faculty of Electrical Engineering, University of Pristina, Pristina, ljama@sezampro.yu

ABSTRACT

Starting from the Ammonite shell, that con-
tains the whole trace of its growth, which form
follows the logarithmic spiral, we seek for such
mathematical indicators of the spiral that would
describe the process of the organism growth in
the most appropriate way.

In that sense, besides common parameters
that characterize the change in the spiral, several
other ones, continuous and discrete as well, are
proposed and are related to 2D or 3D aspects of
the growth. The later case assumes circular cross
section of the spiral tube in corresponding snail

shell. Discrete parameters stem from circum-
scribed and respective inscribed rectangular spi-
rals, defined as the succession of mutually
orthogonal tangents.

On that base it is also given mathematical
interpretation of the growth law as a conse-
quence of the invariant relative rate of change
that stands behind the exponential increase, me-
chanical explanation of the snail form of the
shell, related to the motion of Ammonite and
accompanying drag moments in fluids.

Key words: growth, Ammonite, logarithmic spiral, growth parameters

INTRODUCTION

The study of the growth of organisms [1,2]and
determination of related laws, with its indisputable
biological and ecological significance, generally en-
counters many difficulties among which, from the
methodological point of view, we can distinguish two
different categories.

The growth of living organisms should be traced
during a long period of time. The complexity of meas-
urements highly depends on the approach, or which
quantities are to be measured. In the tracking of the
global growth general parameters of the size are peri-
odically measured. But during the track of so-called
compositional growth it is necessary to follow the
volume or mass increase of all particular organs and
systems, that appears to be a really difficult task. Than,
from the measurement results the existing relation-
ships are extracted and eventually expressed mathe-
matically. On the other hand, a trade-off between the
long term tracking of a single organism and simultane-
ous measurements of many taxons of different age is
quite possible, with inevitable introduction of factors
for dispersion corrections.

Extinct species and organisms impose additional
obstacles to the endeavor of growth law extraction,
since the whole growing process is represented
through its just one state - in the moment of the death,
either natural or sudden (decease, accident), which

makes the estimation of the organism age very unreli-
able. Besides, the only remnants which the estimation
relays on, are restricted to the bones or skeletons and
fossils, i.e. without soft tissue. In such cases correction
and inter/extra-polation methods (algorithms) are of
particular valuability.

On the other hand, there are species that leave
complete traces of their, although global, growing
process, which can be investigated in detail after hun-
dreds of millions of years by their fossils. Maybe the
best such an example are Ammonite (Aminonoidea, a
subclass of Cepbalopocda) or their still living successor
Nautilus (Nautilus pompilius). They generally have
planispirally, tightly coiled, septate shells, that appar-
ently resemble the logarithmic spiral.

PARAMETERS THAT DESCRIBE THE
CHANGE IN LOGARITHMIC SPIRAL

Continuos parameters

Considering the logarithmic spiral as a mathe-
matical equivalent of Ammonite shell form (Fig.1 [3]),
besides common parameters [4,5] that describe the
change, several others will be introduced and defined,
with the intention to represent the growth of Ammon-
ite in the most proper way.
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Fig.1 Planar cross-section of Nautilus showing internal coiled
and septated shell that follows logarithmical spiral.

811 Planarni presek Nautilusa pokazuje zakon logaritamske
spirale.

Seemingly plain (the term "plain" is pretty relative
in polar coordinates as e.g. p=a describes a circle)
expression of logarithmic spiral in polar coordinates

p=f(p)=a’, a>0 (1)
or in an alternative form
p=be”; b,c>0 an

comprises many invariants and interesting relation-
ships, rarely or never found in other transcendental
curves. ;

The polar derivation of Eq. (1), i.e. the angle p
between the positive direction of a radius-vector and
corresponding tangent (Fig.2)

pdp p [ 1 ] :
gt et (o 1 2
=" P ma 2O

is always constant which else stands only for the circle.
The value of a that gives the necessary angle ml is
simply

81 = Yng = a=e™ 3)

and we get p=e? for p=45°.
The radius of curvature of logarithmic spiral in
arbitrary point is given by (for Eq. (1))

]%

[0? +(p)’ :

= — - —=pyl+In°aq (4)
P +2p) - pp

and it is always proportional to the radius-vector of the

point. The arc length between the points (rl, j1) and
(P2, @2) will be (for Eq. (1))

Vi+1n’a

[}
L= |\/p*+(p') dp=
f p +(p')dep Ina

L

(02 =p) ®

As an especially convenient change indicator of
logarithmic spiral could be taken as the area confined
by two rays, with the angle Ap between, and belonging
arcs of two successive coils (Fig.2)

L] p—2r aE;.a! _ anJ,

S, =% [pldp-% | pldp= Y
o m-2x 6)
al#’l

""" 4lnag

(alam —1), », @ =Ap

The ratio of such two areas (Fig.2), separated by
an angle f will be

S,
S)_z

24 (7)

K = =a

Assuming that the spiral is a planar cross-section
of a coiled tube in the Orj plane with circular cross-sec-
tion, which diameter varies along the tube axis as
2R=p(@ +2m)-p(¢), we can define a very suitable
quantity - elementary volume, as a part of the tube
confined between two planes orthogonal to Opg and
containing origin of coordinates. Obviously, it is con-
sisted of infinitesimal slices, which volume can be
written as (Fig.3)

dV = R’ np(@)dp++ R* 12 Rdep =

2 (8)
desl;r(Haz”)(l—az”) a*’dp
do
|
b +2R)d
pdp| ;(D )de
1 Y
-

Fig.3 Infinitesimal element of tube section with labels which
simplify calculation of its volume.

SI.3 lzgled diferencijala zapremine sektora cevi kojim se
olak{ava ra~unanje zapremine.

The calculation of a section is readlily done over
the formula

1]
F,= jdV )

P

s0, formally we are able to define a parameter that
would describe the growth of Ammonite in the best
way, i.e.
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Fig.2 Geometrical relations in logarithmic spiral that define certain growth parameters.

S1.2 Geometrijski odnosi u logaritamskoj spirali na osnovu kojih se definisu neki parametri promene.

¥ oa
20

Pi

Fig.4 Circumscribed and inscibed rectangular spirals describe discrete increase of a logarithmic spiral and create progressive
sequences.

Sl. 4 Opisana i upisana rektangularna spirala opisuju diskretnu promenu gabarita logaritamske spirale i definiSu rastuce nu-
mericke nizove.
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v
K, = el S (10)
V‘;_

Discrete parameters

Along with continuous parameters, simply by
taking discrete values of the argument j, logarithmic
spiral comprises some interesting numerical relation-
ships.

Hence, for values of the independent variable j
that form an arithmetical progression

©: 0,0,,2¢0,,3¢,,...

corresponding values of radius-vector create a
geometrical progression

2 3
P Lo PP
Besides this classic sequence, there is another
one which reveals some properties of the spiral. It
stems directly from circumscribed rectangular spiral,
comprising segments tangential to particular points
(Fig.4).

Substituting into the relation o=@+ (see Fig.2) the
condition a=n (n/2) (Fig.4), where n is an integer we
get the values of variable ¢ indicating points with
perpendicular tangents respective to the axes Ox and
OY:

2 y T an
=n_-—arc =n_—arcig—
P 2 sH D) g na
and corresponding radius-vectors (rays) are
1
n— -m'c.rgI; (12)

The length of a segment (Fig.4) include projec-
tions of a pair of opposite rays, i.e.

()

Py )

1
= p.u COSQU = pu cos(arc'{g—)
Ina

Now it is easy to create a sequence of numbers,
but for our purpose it is much more convenient to
examine ratios of the form

p:'+3 + p.-'+F
Pia T P,

(14)

where i is an integer. Simple analysis proves that the
ratio is always invariant, with, obviously, different val-
ues for particular spirals.

Exactly the same holds for an inscribed rectangu-
lar spiral because of similarity of related triangles
(Fig.4).

INTERPRETATION OF THE SPIRAL FORM OF
AMMONITE

Mathematical interpretation

[tis evident that the logarithmic spiral hicdes many
striking invariants which are all simple. Does not sur-
prise J. Bernoulli's mystical fascination by its proper-
ties.

What essentially stands behind such relation-
ships, that seems to be one and the same? To set the
things explicitly, just the increase of the spiral, i.e. the
distance Ap=p( @+21) —p( ) , could D& equivalently pre-
sented in the coordinate system Oxy instead of Opg.
The spiral shows a pure exponential increase, and that
fact is also obvious from its "kinematics": the trajectory
of logarithmic spiral is a combination of a uniform
circular and exponentially accelerated (as s=a") linear
motions.

Also, it is important to stress the invariance of
exponential function derivatives

d d"

x X X
g

g (15)
dx dx”

e

Behind all these properties and exponential
change stands specific relative (local) law of variation
including constant rate of change, either positive or
negative.

The essence of such a change will be illustrated
through Ammonite growth, where its whole mass is
considered as the changing quantity. If the mass of an
organism in a certain moment t; (when we start obser-
vation) amounts mp=m(t1) and it grows for Dm during
a period of DT, then its mass at the end of the period
DT will be

n'z(f1 +AT) =mypy =m,(1+k) (16)
where
Am
k=—— (17)
m

2
is the rate of growth. After the period of 2AT we get

Monr = M (1+ k) = m, (1+ k)? (18)

and, finally, after n periods the whole mass would be

n -

Mgy =M, (1+ k) (19)

For a reduced interval of observation A=AT/p the

increase of the mass will be p times smaller, and after

the single At we have mp(1+k/p), and after n intervals
AT
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ny

k
m, 1+; (20)

Let the p—eo and the final result will be

ﬂp
ke

. k
limm, | I+—] =mye (21)

p

That means the growth rate is infinitesimal but
only if the time interval, within which the increase is
observed, is also inlinitesimal. In other words, the
relative rate is always the same. Such an invariant
transfers itself in all parameters of the logarithmic spi-
ral, which express its change on one way or another,
making them to be invariant too. Judging by untermi-
nated spiral form of Ammonite shell it seem its growth
continuates during the whole life.

Mechanical interpretation

Despite the understanding of exponential in-
crease of tube aperture during the growth of Ammonite
there remains the question of tube spiral form, instead
of its e.g. funnel-shaped form. In our opinion, there are
several reasons explaining why namely the spiral form,
where each next coil relies on internal one, represents
the ultimate reach of shell shape in Ammonite evolu-
tion.

One of the reasons is, obviously, signiticantly
smaller global size of the shell, that could be described
by a parameter indicating the ratio of volumes of a
parallelepiped encompassing spiral tube and another
one circumscribing respective, but outstretched tube.
Taking the angle of Ammonite shell's aperture plane
to be jmax= j0 , so that 1(j0)=r0, the ratio of volumes
will be

Vs _ (Po+Po-n)Po-r/2tPo-32/2)Po = Po-2x) =
VL

2 I+ a/ na)polpo=Po-271)
(a”+1)2 lna

(20)
& e .’+.-"r.12 a ((rz‘f -1)

Spiral form makes the snail-shell to be more rigid
and robust since its coils firmly rest upon each other.
Additionally, the curved shape of the tube wall, in both
orthogonal directions, enhances its rigidity, so the shell
is more resistant to impacts, and the solt tissue better
protected from injuries. It should be stressed that the
planar spiral coiling in Ammonite shell evolutionary
precedes conical coiling, found in today's snails, which
is, no doubt, mechanically much more effective.

The motion of Ammonite, especially maneuvers,
are [acilitated by compactness and globally rounded
form of the shell, thus reducing its moment of inertia
and drag moments of the fluid, which would be intol-

erable for linear funnel-shaped tube and cause, espe-
cially during turns, the body to drift away. It is known
that the sphere rotating around its center experiences
the least drag, just from fluid viscosity, that originates
only within the bordering layer of fluid next to the ball
surface. All other shapes, including the sphere itsell,
but which rotates around any axes off ils center, en-
counter additional drag as eccentric parts of the body
must "push" away the fluid.

CONCLUSION

The introduced parameters delining the change
in logarithmic spiral with an intention to be used as
growth indicators of Ammonite, and snails as well,
could be treated as very convenient quantities for such
a purpose. Therefore, in addilion to their discrete
counterparts, they represent a general set of attributes
for characterization of a particular shell type. Very
plain and mathematically elegant expressions of pro-
posed parameters are explained by very simple basic
mechanism of growth, given through constant growth
rate. In considerable detail it is given the interpretation
of mechanical causes and factors that shaped the Am-
monite shell during the evolution.
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Opsti problem proucavanja rasta organizama,
koji je postavljen kroz detaljno razmatranje metodolo-
gije pracenja rasta kod recentnih i izamrlih vrsta, par-
tikularizovan je na primeru ljustura amonita
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(Ammonoidea) koje, u ovom smislu, predstavljaju
kompletan trag procesa rasta. Polazeci od ¢injenice da
oblik planarne ljusture sledi logaritamsku spiralu, uz
njene poznate parametre, predloZeni su i definisani
posebni parametri tako da budu $to podesniji za opisi-
vanje rasta amonite. Njihovom primenom na bilo koju
vrstu, posle odgovarajucih merenja ljudture, moZe se
na vrlo obuhvatan nacéin okarakterisati rast, $to moZze
posluZziti kako za odredenu rekonstrukciju Zivota or-
ganizma, tako i za dopunsku determinaciju vrste.

Posebna paZnja je posvecena tumacenju uzroka
i faktora koji su uticali i mogli uticati da ljustura dobije
upravo takav oblik. 1za analiticke jednostavnosti loga-
ritamske spirale, a posebno predloZzenih parametara,
stoji vrlo prost mehanizam rasta odreden relativnom
konstantnom stopom rasta.

Razmotrena je povezanost oblika ljusture i me-
hanickih faktora 5to objasnjava spiralnost oblika.
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DRAGIGC, S.

NEUROMUSKULARNA SINAPSA. Izdavad: "Novi
svet", PrisStina, 1997.

Ova je monografija proistekla iz doktorske cliser-
tacije autora, paje kao takva pretrpela skracenje teksta,
5to joj nije umanijilo kvalitet. Obim monografije iznosi
08 strana teksta. Sadrzaj je podelien na sledeca po-
glavlja: Uvod, Istorijski podaci, Neuromuskularna
sinapsa, Literatura i Sadrzaj. Centralni deo monografije
- Neuromuskularna sinapsa - sadrzi dva logi¢na po-
glavlja: Presinapticki deo neuromuskularne sinapse
(str. 10 - 31) i Postsinapticki deo neuromuskularne
sinapse (str. 32 - 52).

Naizgled malog obima ova monografija sadrzi
iscrpne i detaline podatke o morfologiji, fiziologiji,
patofiziologiji i drugim biomedicinskim aspektima ove
citolosko-histoloske strukture. Dati su detaljni opisi
izgleda sinapse pod svetlosnim mikroskopom, kao i
pod elektronskim mikroskopom. Uz opise je dat i
istorijat otkrica, kao i vrlo kvalitetni crteZi. Objasnjen
je mehanizam biosinteze heurotransmitera: mesto,
nacin transporta i nacin izlu¢ivanja. Ostalo je ne-
doreceno mesto sinteze acetilholina (u somi neurona

LACKOVIC Vesna,

HISTOLOGIJA. EPITELNA TKIVA. :Nauka", Beo-
grad, 1997.

611.018.7 (075.8)
ID = 52780812

Ovajudzbenik predstavlja deo buduceg integral-
nog telksta u kome ce biti obradjena kompletna
medicinska histologija. Takodje, ovaj udzbenik ne
sadizi poglavlje o histoloskim tehnikama i mikrosk-
opiji jer je taj tekst dat kao zaseban u praktikumu
"Histoloski atlas", koji je (u koautorstvu) publikovan
1995. godine.

UdZbenik sadrZi dva dela: Opte odlike epitela i
Klasifikacija epitela. U prvom delu su detaljno opisane
polarizovane strane epitelske celije i analizirane tvore-
vine na njima. Objadnjena je i uloga jonai enzima ¢iji
se metabolizam realizuje sa dve strane plazmatiéne
membrane. Metaboli¢ki i drugi procesi razmene ma-
terija kroz plazmati¢nu membranu nisu sistemati-
zovani u potpunostii nisu objasnjeni dovoljno. To i nije
nedostatalk jer ta materija spada u domen molekularne
biologije, biohemije i fiziologije. Od unutaréelijskih
organela obradjeni su mikrotubuli i mikrofilamenti,
kao i citoskelet.

- gde?). Detalino je objasnjena uloga jona Ca++ u
neuromuskularnoj transmisiji. Dati su primeri uticaja
brojnih supstanci na normalnu fiziolosku aktivnost
neurotransmitera, kako u presinaptickom tako i u
postsinaptickom prostoru.

Koriscena je literatura od 150 referativnih jed-
inica, koja ukazuje na ozbiljnost autorovog pristupa i
agilnost da se dodje kako do klasi¢nih tako i do na-
jnovijilh podatalka.

Bududi da je monografija proistekla iz doktorske
disertacije ostaje jedna principijelna zamerka. Autor
nije istakao (ili makar ne dovoljno jasno) koji je nauéni
problem bio predmet njegovog istraZivanja, koje su
metode upotrebljene u radu, koji su glavni postignuti
rezultati i koji je autorov originalni doprinos nauci.
Ovakvim stilom napisana monografija deluje kao
izuzetno kvalitetna kompilacija. Naravno, i u takvoj
formi njena upotrebna vrednost je velika, kako u
biomedicinskim fundamentalnim i primenjenim is-
traZivanjima tako i kao edukativnog Stiva.

Izdavackoj kuci "Novi svet" moZemo ¢estitati na
profesionalno kvalitetno uradjenom poslu ali i uputiti
zamerku 3$to nije uradila CIP-katalogizaciju
monografije.

P. Jaksic

Poznato je da je epitelska tkiva moguce podeliti
po viSe osnova: prema poreklu, genezi, gradji, funkciji
i dr. i da zbog toga jedinstveno prilivacena podela
epitela ne postoji. U drugom delu autor visi podelu
epitela na cetiri grupe: zastorni, Zlezdani, mioepitel i
neuroepitel. Unutar svakog od ovil tipova razradjena
je dalja podpodela, prema pojedinim morfolosko-fiz-
ioloskim odlikama. Istifemo ovde posebno autorovo
gledite o svrstavanju receptorskih éelija u epitelske -
neuroepitelske celije. Autor to ¢ini na bazi ¢injenica da
neuroepitelske celije imaju klasi¢ne, za epitelske celije
specifi¢ne tvorevine na apikalnoj povisini: treplje i
cilije, okludentne i adherentne spojeve na lateralnim
povisinama, kao i sinapse na bazalnoj membrani
preko kojih se komunicira sa neuronima. Isti¢emo ovo
jer je upravo beogradska skola (pa ¢ak i Guython)
dugo istrajavala na stavu da su pojedine receptorske
celije nervne a ne epitelske.

UdZbenik je ilustrovan sa brojnim mikrografijama
i crtezima, ¢ime se znatno olakSava pracenje i
razumevanije teksta.

Ovaj udzbenik ¢e biti od koristi ne samo studen-
tima medicine vec ga mogu koristiti i studenti biologije,
veterine i dr. fakulteta gde je zastupljena zoologija u
gradivu.

P. Jaksic
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KARSHOLT O. & RAZOWSKI J.,

The Lepidoptera of Europe. A Distributional
Checklist.
"Apolo Books", Stenstrup, 1996.

ISBN 87-88757-01-3

U prethodnom broju ovog ¢asopisa (Vol. 4, No 2)
dali smo prikaz knjige Leraut-a (1997) u kojoj je data
kompletna lista od 5.015 vrsta Lepidoptera Francuske,
Belgije i Korzike. U prilici smo da ovde prezentiramo
po sadrzaju slicno delo Karlsholt-a i Razowskog, sa
malim zaka$njenjem uzrokovanim cinjenicom da je
ono Stampano samo u hiljadu primeraka i da je do
njega bilo tesko dodi.

Dakle, prvi put je na jednom mestu dat integralni
tekst u kome je navedeno 8.470 vrsta Lepidoptera
Evrope, svrstanih u 1680 rodova, 85 familija i 31 super-
familiju. Iz popisa literature na kraju knjige se vidi da
su ovde objedlinjeni podaci iz svih vaznijih kataloga i
nacionalnih fauna. Prakti¢no je sumiran rezultat rada
lepidopterologa koji fraje dva veka.

Nas, naravno, interesuje prvenstveno faunisticki
spisak Lepidoptera Jugoslavije. Najpre moZzemo da se
podsetimo da je Zecevi¢ (1996) dao preliminarni
spisak na kome je navedeno 1334 vrste "Macrolepidop-
tera". Sada, u ovome delu imamo listu od 3.454 vrsta
Lepidoptera. Ali, i ova lista nije jos definitivna iz dva
razloga. Najpre, autori nisu razdvajali saclasnje odce-
pliene delove prethodne Jugoslavije. To znaci da unu-
tar te cifre od 3.454 vrste treba izviditi deobu (da
primetimo rezignirano: uz deobu imovine federacije
treba izviSiti i deobu nacionalne faune!). Sa druge
strane, ova cifra predstavlja samo napredak u odnosu
na Zecevicevu listu, ali svakako predstavlja ne vise od
80% fonda vrsta u sada3njoj Jugoslaviji. Dakle, zadatak
je buducih lepidopterologa da revidiraju i dopune ovu
listu.

BUSZKO, J.,

Atlas rozmieszczenia motyli dziennych w Polsce
1986 - 1995 /

A distribution atlas of butterflies in Poland 1986
- 1995.

"Oficyna wydawnicza Turpress, Turuil, 1997.

ISBN 83-86781-40-8

Vec vise od 20 godina deluje Odbor za kartiranje
beski¢menjaka Evrope (European Invertebrate Sur-
vey). Primarni je njegov zadatak da inicira evidenti-
ranje i kartiranje pojedinih grupa beski¢menjaka
unutar nacionalnih fauna. Dnevni leptiri kao dobro
proucena grupa organizama su najcesce prva grupa

Uporedjivanjem Leraut-ovog (1997) taksonom-
skog sistema sa ovde primenjenim sistemom vidimo
znacajne razlike i u broju familija i superfamilija i u
njihovom redosledu. To je odraz ¢injenice da jedin-
stveni filogenetski sistem jo3 nije uradjen i da je to jedan
od najkrupnijih zadataka koji ¢eka lepidopterologe. U
ovom delu autori su nuZno morali da izvre i ¢itav niz
taksonomskih i nomenklaturnih izmena. Kada su u
pitanju dnevni leptiri Jugoslavije najkrupnija je izmena
brisanje familija Satyridae i Libytheidae. One su sada
samo podtamilije u okviru familije Nymphalidae. Kacla
su u pitanju vrste nadih dnevnih leptira najkrupnija je
izmena preimenovanje Colias balcanica Rebel u C.
caucasica Staudinger. Kao manji propust mozemo
smatrati to Sto autori pojedine vrste dnevnih leptira
nisu uvrstili u sastav nade faune (Erebia orientalis El-
wes, E. alberganus Prunner, Danaus chrysippus L.). To
je i razumljivo jer je njihovo prisustvo u naoj fauni tek
nedavno dokazano.

Lista vrsta je data tako da se za svaku vrstu odmah

moze lako videti i u kojoj evropskoj zemlji je ona
zastupljena. Zahvaljujuci tome se mogu studirati i na-
cionalne faune pojedinih zemalja.Upotrebna vrednost
ove monografije je izuzetno velika. Poput re¢nika ova
¢e knjiga morati da bude stalno nadohvat ruke, Na
osnovu nje ce generacije entomologa moci da spro-
vode uniformnu taksonomiju i nomenklaturu, Ona ée
biti podstrek za faunistika istrazivanja jer se prostim
uvidom u faune susednih zemalja moZe prognozirati i
prisustvo date vrste u fauni jedne zemlje. Za nas to
konkretno znaci da mozemo ocekivati makar dobrih
3.000 vrsta Lepidoptera vise!

Knjiga je odstampana na kvalitetnom papiru for-
mata A4, sadrzi 380 stranica a ukori¢ena je tvrdim
plastificiranim povezom. Uz knjigu dolazi i CD 3to
omogucava kompjutersko pretrazivanje razlicitih baza
podataka.

P. Jaksic

kartiranih organizama. Tako su ve¢ zaviZena kartiranja
za Francusku (Willien, 1979), Englesku (Heath & all.,
1984), Svajcarsku (Gonseth, 1987), Jugoslaviju (Jaksi¢,
1988), Holandiju (Tax, 1989), Cesku (Kudrna, 1994) i
sada za Poljsku.

U ovoj monografiji su predstavljeni rezultati rada
126 poljskih lepidopterologa, amatera i profesion-
alaca. Oni su tokom desetogodidnjeg perioda saku-
pliali podatke na celoj teritoriji Poljske. Mrezni UTM
sistem Poljske sadrzi 1.225 polja dimenzija 10 x 10 km.
Iz ovoga se vidi da je svaki uesnik u projektu imao
prose¢no zaduZzenje da registruje vrste na 10 UTM
polja, 3to znaci da je kvalitet karata distribucije
izuzetno visok.
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Rezultat ovakvih koordinisanih napora i timskog
rada jesu karte na kojima je predstavljeno 149 vrsta
dnevnih leptira Poljske. Ovi rezultati pokazuju da de-
set vrsta dnevnih leptira, ranije poznatih u fauni
Poljske, nije istraZivanjima potvrdjeno. Za jednu vrstu
(Pyronia tithonus L.) je dokazano da je zauvek i3¢ezla
sa jedinog poznatog lokaliteta u Poljskoj. Sa druge
strane, jedna nova vrsta je zabeleZena, to je stepska
vrsta Colias erate (Esp.). Ova je vrsta u svom nastu-
panju na zapad nadjena i u Madjarskoj, Jugoslaviji,
Hrvatskoj i dr. evropskim zemljama.

Osim 3to daje vrlo iscrpne podatke o nacionalnoj
fauni dnevnih leptira Poljske ovaj atlas predstavlja i
perfektnu polaznu osnovu za radna zastiti nacionalne
faune. Tako, na pr., on pruza podatke o vrlo uskom
rasprostranjenju citavog niza vrsta, iz ¢ega proizilazi i
potreba njihove zastite. Primera radi, viste Cupido
alcetas (Hoffmansegg), Argynnis pandora (D. und S.),
Melitaea phoebe (D. und S.), M. aurelia Nickerl, Erebia

STANKOVIC, M.S.,

Planinska jezera Crne Gore - limnoloska
monografija.
Srpsko geografsko drustvo, Beograd.

914.971.6(285.2)
ID = 59253516

Opredijelivii se za proucavanje planinskih jezera
Crne Gore dr Stevan M. Stankovic je pocetkom sedam-
desetih godina uspje$no popunio dotadasnju prazn-
inu, kako u $iroj javnosti, tako i u naucnoj i struénoj
literaturi, o ovim interesantnim hidrografskim objek-
tima. Prvo izdanje "Planinska jezera Crne Gore" ob-
javilo je Drustvo za nauku i umjetnost Crne Gore 1975.
godine. Pokazavsi se viSestruko korisnim cijeli tiraZ
ove knjige ubrzo je bio rasprodat. Zato se pokazala
potreba za ponovnim publikovanjem. Zahvaljujudi
autoru i Srpskom geografskom drustvu ¢itaoci su dobili
interesantnu knjigu o "gorskim oc¢ima" - koja uvijek
priredjuju neponovljive doZivljaje i slike.

Knjiga ima 228 strana teksta i izuzetno je
dokumentovana. Mno3tvo fotografija, skica i tabela sa
podacima obogacuju 3tivo, koje se sastoji od 11 od-
jeljaka.

Poslije predgovora i uvoda, prikaz obradjenih
planinskih jezera dat je po planinama na kojima se
nalaze. Najprije su date fizicko-geografske karakteris-
tike planina a zatim njihovih jezera, i to: na Durmitoru
(10 jezera), na Bjelasici (6 jezera), na Prokletijama i
Visitoru (5 jezera), na Volujku (2 jezera), na Sinjavini
(2 jezera) i na Lukavici (2 jezera).

Za svako od 28 planinskih jezera Crne Gore,
pored odabranih fotografija, dat je poloZaj i pris-
tupacnost, izobatske karte sa krivim povrinama,
tackama najvecih dubina i poprecnih profila jezera,

pronoe (Esper), Coenonympha oedippus (F.), Pyrgus
armoricanus (Oberthur) i Spialia sertorius (Hoffman-
segg) su nadjene samo na po jednom lokalitetu u
Poljskoj. Jasno je da ukoliko se ta stanista ne zastite da
pri sledecem popisu one nece vise biti evidentirane.

Naredni zadatak poljskih entomologa, kako sami
ovde isticu, je da sprovode biomonitoring evidentira-
nih vrsta i da rezultate publikuju 2.005 godine. Bice to
izuzetno dragoceno svedoanstvo o stepenu i nivou
covekove destrukcije prirode, tj. o njegovim
mogucnostima da stvarno zastiti prirodu. Ovaizuzetno
vredna monografija je i perfektno od$tampana pa
autoru zaista moZemo uputiti ¢estitke na kompletnom
uspehu.

P. Jaksic

postanak jezerskog basena, rezim nivoa vode i fizicke
i hemijske osobine vode, kao i znacaj vode za okolinu,
narocito na propustljivim terenima, gdje je ona
dragocjena.

Dr Stevan M. Stankovi¢, na3 najbolji poznavalac
jezera u odjeljku o genetskoj i hidroloskoj klasifikaciji
proucavanih jezera izdvaja 5 grupa jezera prema
nacinu postanka basena i 7 grupa prema njihovim
hidrolo3kim svojstvima. Takodje, kod hidroloske klasi-
fikacije prema nacinu hranjenja i gubljenja vode jezera,
utvrdjuje njihove znatne razlike i slicnosti. U odjeljku
o Problemima zadtite i valorizacije prouc¢avanih jezera,
autor zapaZza da prostor na kome se nalaze jezera: "jo$
nije zahvacen tako intenzivnim turistickim kretanjima
kakva ce, vierovatno, biti u buduénosti. Zbog toga je
neophodno u pravo vreme pronaci najbolje nacine
zaltite jezera koja se tu nalaze i koja ce uvek biti
privla¢na za posetioce. Ovo je utoliko znacajnije $to su
za zastitu, sanaciju i valorizaciju hidrografskih objekata
neophodna obimna istraZivanja prirodnih zakonitosti
koja, kada su u pitanju voda i kraki tereni, ¢esto mogu
da iznenade sva ocekivanja. Zastita prirodne sredine,
pa prema tome i jezera, ne znaci konzervaciju odred-
jenih podrucja i spreavanje bilo kakve ljudske ak-
tivnosti u njima. Naprotiv, zadtita jezera mora znaciti
iznalaZenje najboljih nacina njihove valorizacije sa §to
je moguce manjim Stetnim posledicama za njihovu
evoluciju i opstanak". Ovaj problem za sada posebno
je sloZen i aktuelan na primjeru Crnog jezera, Biograd-
skog jezera i Plavskog jezera.

Za naSeg citaoca znacaj knjige "Planinska jezera
Crne Gore'" je viSestran. Ona je svojevrsna ¢itanka ovog
prostora, koja svojom temeljitoicu i pouzdanoicu, ¢ini
najvredniji rad iz ove geografske oblasti.

D. M. Kicovic
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translation of summaries is arranged by the Editorial Board).

The length of orginal articles should not exceed 16 pages per atticle including illustrations. Written articles
are sent to the Editor's address in two copies.

During the work, Latin names of plants and animals are underlined. If the list of spices is considered, then
it goes with the author's name and year of description, i. e., Maja squinado (Herbst, 1788), and the belonging
to the system species is indicated in the title (Crustacea, Decapoda, Brachyura).

Measurement units should be presented in accordance of current standards (Systeme International d'Unites
— Sh).

When quoting feminine references, full name of is given, butwith masculine names, the surname is followed
by the first name initial. The full title is provided, with no abbrevations, and must be provided in accordance
with the List of Serial Publications in the Britsh Museum (Natural History) Library.

Reprints to the number of twenty without cover will be supplied free of charge. Additional reprints may be
ordered with returned gallery proofs after acceptance of invoice.

—4 Authors are expected to submit a computer disk (3.5" DOS formated) with the final, accepted version
< oftheir manuscriptin two printed copies (on laser printer if available). The manuscript and disk should
include the clear indication of the word-procesor and other program(s) employed. The preferable
program is MS Winword (6.0 or higher), but some other may be also accepted (AmiPro or VenturaPublisher).
Disk should also include a copy in an ASCII text-format. Authors are encouraged to submit all the computer
graphics (in PCX or TIFF format) and tables, each in separate file. Drawings also can be done in black ink on
smooth tracing paper. High cotrast black and white photographs are supplied. All text file(s) should be written
with one font and one size type throughout (10 pt). In any case of paragraph and table formating, the use of
multiple spaces must be avoided. For the details of the file formats, fonts, software, etc. authors may contact the
editor.
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