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ANALYSIS OF HARD AND SOFT GREEK CHEESES PRODUCED IN EPIROS.

M.G. KONTOMINAS, I.G.ROUSSIS and I.CHRONEOS
Department of Chemistry, University of qunnina, Toannina 45110,Greece.

(Received April 17, 1986)

SUMMARY

Results are reported on the analysis of eleven different varieties
of Greek cheeses produced in the region of Epiros. Cheeses were analyzed
for % fat, % protein, % moisture, macro elements (potassium, sodium,
calcium, magnesium, phosphorus) as well as trace elements (copper, iron
and zinc).

Variations in values of moisture, fat and protein 'were generally
small with the exception of those of moisture and fat for Feta,Myzithra
and Metsovella cheeses. Values of the above determinations are in ac-
cordance with the literature, with the exception of those for Kaseri .
cheese. :

Values for Na and Ca showed significant variations. Values for K we-
re generally lower while Mg and P values were in agreement with thos
published. ’

Values for Cu, Fe, Zn 'generally differed from respective published
values while those for Fe and Zn showed significant variations.

Present results stress the need for standardization of several chee-
ses analysed.

Key words: Cheese analysis, fat, moisture, protein, elements.

INTRODUCTION

Cheese is the most important dairy product and is being produced in
several hundreds of varieties today. Approximately 15% of the.world pro-
duction of milk is being used in cheese making. In 1979 world production
of cheese reached 10,483,000 tons, production of cheese in the E.E.C.
reached 3,256,000 tons, and production of cheese 1in Greece reached
165,000 tonst.

In Greece the largest amount of cheese produced comes from goat's
and sheep's milk. In 198C, 78% of sheep's milk went into cheese making
-and gave 97,929 tons of cheese, 67% of goat's milk gave 41,407 tons of
cheese and the 26% of cow's milk gave 20,800 tons of cheese. During the
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same year Greece imported 12,342 tons of cheese and exported 1,687 tons%
Greece holds the first place in cheese consumption per capita (approx.
17 Kg/year) in the wor]dz with France holding second place by a slight
margin,

A large portion of the cheeses being produced in Greece comes from
small, Tow capacity, family owned plants (approximately 200, only in
Epiros) which do not have modern facilities or quality control inspection
and therefore constantly face product standardization problems and occa-
sionally even public health related problems.

The Titerature contains several reports on the composition of chee-
ses® 7,

This paper in which eleven different cheese varieties of Epiros were
anatyzed, has the ebjective to supply information on the composition of
various Greek cheeses of Epiros, towards both a more effective quality
control, and a better standardization of cheese products in relatton to
the export of Greek cheeses to countries of the E.E.C.

EXPERIMENTAL

The cheeses analyzed, were donated by the "DODONI" plant, the Tositsa
foundation and various local manufacturers. A1l cheeses were produced
between February and June 1984, to account for possible variations in the
composition of milk from which they were made, and were all ripe at the
time of analysis. Samples were collected from various parts of the chee-
se body using a cheese sampling knife and all were mixed to give the
final sample.

In all samples, moisture, fat, protein and the elements: potassium,
sodium, calcium, magnesium, phdsphorus, copper, iren and zinc were dete-
rmined. A1l samples were kept away from metal containers and spatulas to
avoid iron and zinc contamination.

Duplicate -3 sample- analysis was carried out for each type of chee-
se. Classical methods of analysis were used to determine moisture, fat
and proteing.

Fat and protein were calculated on a "as is" basis. Sodium and po-
tassium were determined flame photometrica11y9 using a Coleman Model 21
flame photometer by the following procedure: After wet digestion ustng

dilute nitric acid the sodium and potassium content was measured flame
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photometrically.

The rest of the metals were determined by atomic absorption spectro-
photometry9 using a Perkin Elmer model 560 A.A.S. by the following proce-
dure: After wet digestion using concentrated sulfuric and nitric acid
the vresiaue was dissolved in dilute acid. The solution was spra-
ved 1into the flame of thevA.A.S. instrument and the absorption of the
metal was measured at the appropriate wavelenght.

Phosphorus was determined spectrophotometricaﬂy9 using a Hitachi
model 102 spectrophotometer by the following procedure: After wet dige-
stion using concentrated sulfuric acid and concentrated nitric acid, du-
ring which all the phosphorus is converted to orthophosphoric acid, the
phosphorus content was measured colorimetrically after reaction with
ammonium molybdate and hydrazine in acid solution.

RESULTS AND DISCUSSION

In order to compare present data with that in the literature it is
important to state the source of the mi1k used for the production of
each cheese variety, as well as Fhe type of each cheese produced to
enable comparison to well known foreign cheeses. This information is gi-
ven in Table I. '

The cheese samples were of different production period and different
supplier. Intercomparison of data is therefore difficult. Comparison of
present data of cheeses to that of the same type of foreign cheeses is

also difficult due to different milk sources and different cheese manu-
facturing practices.

Despite the above problems comparison was attempted both for standar-
dization purposes of domestic cheeses as well as the establishment of a
relationship between domestic and foreign cheeses of the same type.

Results for moisture, fat and protein are given in Table II.

Graviera, Kefalograviera and Metsovella éheeses are discussed together
since they are similar. The values for Graviera and Kefalograviera gene-

rally agree with those in the ]Tterature2’7

. Metsovella is clearly a do-
mestic cheese and references for comparison are not avaitable. This
cheese showed a relatively large variation in moisture and fat content

a problem that should be overcome. Al1 three of the above cheeses as

compared to the Gruyere vam’ety2 show a higher moisture and Tower protein



TABLE I: Cheese Varieties Analysed, their Milk Source and Types of International Cheese

to which they are Similar.

Cheese variety Source of milk Type
Graviera (hard) ewe's + posstbly cow's Gruyére
Kéfa]ogravTera (hard) ewe's + possibly cow's Gruyére
Metsovella* (hard) cow's ‘ Gruyére
Kefalotyri (hard) ewe's + possibly cow's Romano
Vlachotyri* (hard) cow's Romano
Pastoreila* (hard) cow's Parmesan
"Dodont type"*(hard) ewe's + cow's Tilsit, Brick
Kaseri (hard) ewe's + possibly cow's Provolone

Metsovone* (hard+smoked)
Feta (soft - in brine)
Myzithra.(whey cheese)

* Trade names

cow's
ewe's + possibly cow's
whey of hard cheeses+0-10 % milk

Parenica (Pasta Fillata)
Domiati
Ricotta

peEL
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TABLE IT: Moisture, Fat and

Protein Content of

Cheese Varieties Analyzed (g/100g product, on‘as is”basis).

% Protein

Cheese variety % Moisture % Fat
Ave. ' Range Ave. Range Ave. Range

Graviera 34.49 + 0.55* 33.87 - 35.20 30.02 « 1.3 27,55 - 31.50 26.52 = 1.2 24.75 - 28.26
Kefalograviera 35.30 £ 1.0 34,00 - 37.00 32.18 £ 1.0- 31.00 - 34.00 25.29 = 0.7 24.20 - 26.09
Kefalotyri 36.88 = 0.5 36.50 - 37.12 30,23 £ 0.9 28,93 - 31.50 25.91 £ 0.7 24.40 - 26.03
"DODONI" type 36.76 = 0.6 36.00 - 37.80 30.66 £ 0,9 29.00 - 31.50 22.66 = 1.9 19,05 - 24.95
Vlahotyri 38.83 + 0.3 38.49 - 39.18 - 28.84 = 0.03 28.81 - 28.88 24.67 £ 0.5 23.78 - 25.57
Pastorella’ 37.77 £0.3 37,43 - 38,12 29.06 £ 0.3 28.64 - 29.48 25.98 + 0.3 25.49 - 26.48
Metsovella’ 38.15 £ 1.5 35.51 - 40.79 28.70 = 1.7 26.27 - 31.14 26.47 = 0.08 26.33 - 26.61
Metsovone - 35.29 £ 1.5 32.83 - 37,76 29.82 + 1.0 27.98 - 31.67 26.94 £ 0.3 26.64 - 27.25
Kaseri 45,63 £ 0.7 44,70 - 46.56 24.02 = 0.3 23.49 - 24.56 25.35 £ 0.3 24.94 - 25.76
Feta 52.29 + 2.8 47.00 - 55.60 25.01 + 2.5 21.50 28.00 16.45 1.0 15.12 - 17.99
Myzithra 68.95 = 3.47 65.36 - 75.50 18.20 + 3.8 12 23.09 9.00 = 0.2 8.70 - 9.30

.00

* Errors given are standard deviation of

the mean for n=3 (n=pairs of samples analyzed)

SISXIYNY ISI3HD 433
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content while fat content is of the same level.

Kefalotyri shows a somewhat higher moisture and protein content as
compared to literature data2 while no references are available for Vla-
chotyri which is also a Tocal cheese similar to Kefalotyri. Both cheeses,
as compared to the Romano variety2 show a s1ightly higher moisture and
fat content but a Tower protein content. ‘

There are also no references for Pastorella which is a Tocal cheese.
As compared to Parmesan2 it shows a somewhat higher moisture and fat
content but a Tower protein content.

The "Dodoni type" cheese (special variety) as cdmpared to the simi-
lar cheese Graviera7 shows a somewhat higher moisture and lower protein
content, while in relation to the Brick type shows a somewhat Tower moi-

sture and higher protein content.

Kaseri values for moisture and fat were higher and lower respective-
ly to those in the 11terature2. Values for the Metsovone variety are in
accordance with other referencesz. This cheese variety is very similar
in composition to the also smoked Parenica varietyz.

Feta values for moisture and fat generally agree with published data

Protein values are however Tower than respective ones in the literatu-
2,7
re

typez.

Feta values for moisture, fat and protéin show a relatively large

. It also shows lower protein content as compared to the Domiatt

variation which can possibly be attributed to its different suppliers
(cheese plants). _ ’

Myzithra showed large variations in moisture and fat content, high
fat and low protein content as compared to the 11terature2’7. In rela-
tion to Ricotta2 its moisture content is approximately the same while
its fat is significantly higher and its protein lower.

Variations in moisture and fat content of Myzithra can be explained
by the addition /or not of milk or cream to the whey (raw material for
Myzithra production).

It can be generally.observed that for several of the cheeses analy-
zed, protein content was Tower while moisture content was higﬁer than
expected. These variations stress the need for better standardization
practices.

Results for Na,Ca, Mg and P are given in Table III.



TABLE I1l:Macro-element Content of Cheese Varieties Analyzed (mg/100g product,

on"as is"basis).

Cheese variety Na
Ave. Range Ave. Range

Graviera 506.8 + 168.9* 260.3 - 742.5 58.5 + 21,2 31.2 - 87.4"
Kefalograviera 861.2 + 111.5 656.6 - 988.2 43,9 + 15.3 28.1 - 62.7
Kefalotyri 982.3 + 201.4 627.8 -1350.2 54.8 + 10.8 36.9 - 67.9
"DODONI" type 502.1 + 142.8 363.0 - 749.6 54.4 + 8.5 38.9 - 63.9
Vlahotyri 1147.4 £ 138.3 944.7 -1350.0 52.4 + 2.5 49.5 - 55.2
Pastorella 800.0 £ .90.5 690.0 - 909.9 37.1 £ 0.8 36.0 - 38.2
Metsovella 774.8 + 115.2 609.5 - 940.0 72.9 £ 12.1 56.9 - 88.8
Metsovone 904.5 + 2.7 900.5 - 908.5 52.2 + 0.21 52.0 - 52.5
Kaseri 357.5 £ 82.7 243.4 - 471.5 40.3 + 10.5 27.0 - 53.6
Feta 690.6 + 171.6 482.3 -1041.0 38.6 + 11.8 17.9 - 51.4
Myzithra 107.8 £ 55.4 50.4 - 208.6 71.7 + 25.2 33.0 - 94.9

* Errors given are the standard deviation of

the mean for n=3 (n=pairs of samples analyzed)

SISATYNY ISATHD. HITYY
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TABLE IIT (cont'd):Macro-element Content of Cheese Varieties Analyzed (mg/100g product,on'as is"basis)

Cheese variety Ca Mg P
Ave. Range Ave. Range Ave. Range

Graviera 490.3 + 218.4* 211.0 - 875.6 41.8 £ 10.2 27.0 - 52.4 488.3 + 119.8 286.1 - 629.2
Kefalograviera 500.9 = 71.7 401.9 - 619.2 41.1 + 2.6 38.3 - 45.2 516.6 + 33.4 468.1 - 575.8
Kefalotyri 563.5 + 75.0 455.8 - 657.9 48.9 + 2.5 46.1 - 53,7 551.3 + 8.7 538.1 - 564.4
"DODONI" type 416.9 £ 162.5 242.5 - 720.4 32.9 + 2.7 28.9 - 36.1 484.1 + 52.8 424.2 - 571.8
Vlahotyri 638.5 + 101.4 477.0 - 800.0 42.4 + 3.1 36.2 - 48.7 508.1 =+ 16.9 486.0 - 530.2
Pastorella 369.9 + 53.8 299.7 - 440.0 30.1 + 0.4 29.8 - 30.4 448.6 + 5.4 440.7 - 456.6
Metsovella 491.6 £ 65.2 380.0 - 603.3 37.3 £ 0.8 36.4 - 38.3 487.1 + 23.5 453.9 - 520.3
Metsovone 334.0 + 2.7 330.0 - 338.0 27.6 + 0.4 28.6 - 27.6 443.5 + 6.8 433.9 - 453.1
Kaseri 441.5 + 83.1 318.0 - 564.9 38.7 + 0.8 37.6 - 39.8 533.2 £+ 11.8 515.9 - 550.6
Feta 163.9 = 55.5 74.5 - 216.6 11.8 £+ 2.4 8.9 - 14.7 212.2 £+ 35.1 175.1 - 273.0
Myzithra 59.9 + 4;1 52.0 - 64.0 11.9+ 3.6 5.6 - 14.8 107.0 £+ 34.8 56.2 - 154.3
*Errors given are the standard deviation of the meanfor n=3 (n=pairs of samples analyzed)

8elL
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It is dangerous to attempt comparison of Na content values because - the
amount of NaCl being used varies significantly from batch to batch due
to lack of method of standardization. This is supported by variations in
Na values between cheeses of the same variety (except Metsovone). ‘
Na content is generally lower in cheeses analyzed compared to the Titera-

turez’7

indicative of a consumer preference to less salted cheeses.

Values for Ca also vary, depending on the amount of CaC12 being used
in cheese production.

Values for K are generally lower than those mentioned in the litera-
ture6 and can be attributed to the following two reasons a) to the diffe-
rent method of analysis, flame photometry vs. atomic absorption b) to pos
sible use of potassiuﬁ sorbate (allowed preservative) which can be re-
sponsible for change in K content.

Values for Mg and P are in general agreehent with those in the lite-
ratureG.

Results for Cu, Fe and Zn are given in Table IV.

Values generally differ than those in the literature®. 7n and Fe values

are generally Tower than published values®

showing in many cases signi-
ficant variations. Cu values are higher than those in the 1iterature6,
but show no s1gn1f1cant variations.

The above can be attributed to the variety of milk sources used ip
cheese production, to the differences in cheese production methods as
well as to differences in animal feeds.

It is concluded that present data comprise a valuable reference

source for nutrition aware consumers, as well as for cheese manufacturers
in their effort to achieve a better quality product through standardiza-

tion, in view of large Greek cheese exports to countr1es on the European
Economic Community.

NEPTAHYH

i

ANAAYZH ZKAHPQN KAT MAAAKQON TYPIQN THS HMNEIPOY

2TV epvacia auth mapouoLadovial ta anoteAéouata avaAuong EVIEKa moL-

KLALOV EAAnVLKOV TupLv Tng mepLoXic Hmelpou. 3ta tupLa MpoodLop lotnkav

-To Almog, oL mpwtelveg, n uvpaoia, Ta paKpo otoLxela (kaALo, varpro,
aoBECTLO, HAYVAOLO KaL owo@dpog) kabwe KaL ta LXvooTolLxela (XaAkoc, oi-



TABLE IV: Trace Element Content of Cheese Varjeties Analyzed (ug/100g product, on"as is"basis)

Cheese variety

SOINCYHI I “SISSNOY 91 “SYNIWOLINON 9

Cu Fe Zn
Ave. Range Ave. Range Ave. Range

Graviera 669.2 £ 85.3* 542.1 - 796.2  2209.9 = 670.1 1453.0 -3656.9 3892.6 = 912.1 2053.0-5095.5
Kefalograviera 539.2 + 6.8 528.8 - 549.5 2956.9 = 320.3 2413.5 -3449.8 3175.1 % 614.0 1842.8-3860.6
Kefalotyri 626.1 £ 86.1 495,5 - 756.8 2665.5 £ 440.6 1984.0 -3522.5 3526.1 + 753,8 1984.7-4530.5
"DODONI" type 540.5 = 71.1 426.9 - 653.8 2914.8 + 581.8 1835.7 -3679.8 3251.4 £ 605.2 1993.6-4063.6
Vlahotyri 472.0 + 117.6 295.3 - 648.7 2046.5 + 382.0 1338.7 -2754.4 3785.1 = 30.5 3702.4-3867.8
Pastorella 571.6 + 58.8 488.3 - 654.9 2893.4 * 336.8 2451.5 -3535.2 3656.9 = 62.2 3446.0-3867.8
Metsovella 696.7 £ 33.6 641.9 - 751.6 2071.8 + 222.3 1763.7 -2379.9 3742.1 + 61.8 3652.7-3831.5
Metsovone 746.5 £ 72.0 650.0 ~ 842.9 2350.4 + 68.7 2290.8 -2410.0 4655.8 + 313.7 4155.0-5156.7
Kaseri 532.5 + 79.5 414.5 - 650.5 1920.2 = 631.7 926.3 -2914.1 2987.5 *+ 608.7 1971.8-4003.3
Feta 439.3 + 84.9 325.2 - 553.4 2648.4 + 752.2 1202.3 -4085.3 1894.0 + 642.6 1450.7-2244.1
Myztthra 398.3 + 67.2 293.9 - 502.8 3288.2 % 293.4 2705.8 -3870.5 1189.4 + 382.0 450.0-1687.6
*Errors given are the standard deviation of the mean for n=3 (n=pairs of samples analyzed)

orL
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dnpog kaL Yeuddpyupog).

0L OLOKUMAVOELC OTLC TLHMEC TNC uypodlac, ALmouc KalL TPWTELVOV ATav
VEVLKWC ULKPEC pe €falpean €KELVEC TNC uypaodlac KaL Tou ALmouc via 1In
®¢ta, tn MuZhBpa kaL tn MetooBéMAa. Nu eupeBeioec Tiuéc Bplokovtal oe
oudowvia pe exelvec Tnc BuBALoypavlac ue eZalpeon exelvwv yia o Kagalpl.

0L TLpéc tou Na xalL Ca mapouclacav onuaviLkeéC dLokupdvoelc. 0L TLpéEC
Tou K fjtav vevikbe xounAdtepec,evd oL TLPéC Tou Mg kaL P ftav mopamAn-
oLEC gKelLvwV TNC BLBALoypaniac.

0L TLpéc Tou Cu, Fe, Zn mopouolooav dLovopéc armo ekelvec tnc BLBALo-
ypaelag, vl oL TLuéG yia tov Fe kat Zn napouotaoqv anUavILKEC dLaKkuuby-
oELG.

Ta anoteAéouata Tng mapolioag €pyaciag evigxtouv tnv amodn TNG GVAYKNG
Tunonmolnonc TtV EAANVLKGV TupLev mou avoAlBnkav.
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INTRODUCTION

The problem of the environmental pollution with mercury and its determination in low
concentration in a variety of samples has been discussed in a number of papersl's. The
mercury content in waters has been determined by means of different methods: polarogra-
phy, photometry, colorimetry, emission-spectroscopy, atomic-absorption and neutron-acti-
vation.

In the present paper the results from the study on the possibility to determine the mer-
cury in water and sediment samples from the river Strimon are discussed. Two different
methods are used: direct atomic emission spectroscopy (AES) and determination after pre-
concentration on PbS.

EXPERIMENTAL
Apparatus and reagents

. 1.10‘3‘g.m1'1 standard mercury solution (Hoppcin Williams Ltd).

. Conc. HNO3, p.a., (Merck)

.01 M NaZS solution, prepared by dissolution of NaZS p-a. (Reachim, USSR).

.01 M Pb(CH3COO)2 solution, prepared by dissolution of Pb(CH3CO0);,, p.a.
(Tchervena svezda, Bulgaria).

. Iron chamber electrodes-fig 2.

. Mercury evaporation system-fig 3.

. Atomic emission spectrograph PGS-2 (Carl Zeiss, Iena, DDR).

. ORWO WU-2 photographic plates.

. R-09 developer.

. Zeis D-4 rapid micrometer.

AW N =

OO 002 A W

v
1

Sampling

Water and sediments were sampled from the river Strimon in the territory of Bulgaria
(four points) and Greece (four points) as it is shown in fig 1. The sampling stations B-1 and
B-3 are located at industrial areas, while B-2, B-4, G-1, G-2, G-3-and G-4 are not located
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FIG. 1: Map showing the sampling stations along Strimon River.

nearby any industrial center; however, the sampling stations G-2 and G-3 are at places,
where two tributary rivers flowing through industrial areas join the river Strimon. The sam-
ples have been collected every two months for two years 1984 and 1985.

0.5-1 1 water samples were taken in polyethylene bottles. In order to decrease adsor-
ption on the walls, the samples were acidified with HNO3 to pH=1 in the moment of sam-

pling. Before analysis the samples were filtered using 0.45pm cellulose nitrate filters.
Sediment samples were taken just below the water layer in polyethylene bottles as well.
In the laboratory they were dried to 60-80°C.

Isolation and preconcentration of mercury from the water samples

Coprecipitation with PbS has been used to isolate and preconcentrate the mercury from
the water samples. For this purpose simultaneously 10ml Pb(CH3COO)2 and 10ml Na,S
were added. Under these conditions 0.2-0.5g of PbS residue was formed, which included al-
so the water impurities. It was heated to boiling point, the clear solution was discarded and
dried to 80°C. Then it was again quantitatively transferred to the iron chamber electrode
and the AES measurement was carried out.
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FIG. 2: Iron chamber electrodes: 1-body, 2-chamber, 3-carbon electrode,
4-carbon counter electrode.

Isolation and preconcentration of mercury from the sediment samples

Certain quantity of the sediment sample (1-5g) was placed into a vessel-fig 2, and was
heated at 450-500°C. The mercury vapours were carried with a stream of air and retained
quantitatively on PbS. The exact conditions of the experiment have been studied ear-
lier®8. PbS then was transferred to an iron chamber electrode and AES analysis has been
performed. . v

Direct determination of mercury in sediment samples

In all sediment samples the possibility for direct AES determination has been checked.
0.2-0.4g of the sediment sample was put into the iron chamber electrode which was closed
with a carbon electrode. Experimentally was proved that the procedure used8 for the
mercury determination in soils may be used for sediment samples as well. The optimised
conditions were: current intensity of the arc-12A, slitwidth-0.025mm, 102 s exposition ti-
me, registration of the spectrum on ORWO WU-2 plates, Smin development time with
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FIG. 3: System for evaporation of mercury from sediment samples and
its concentration on PbS: I1-furnace, 2-vessel with sample,
3-glass tube, 4-colum, containing the erbent PbS, 5-U shaped

vessel, containing lution of KI and Ip controlling the stream
of air and the completeness of the process.

R-09 developer and measurement of the 243.6nm line of mercury. The calibration curve
(fig. 4.b) was obtained by analysis of soil samples containing known quantities of mercury.

AES-determination of mercury, concentrated on PbS

120p

80

AS
60r

401

A2 A L iiss R S A BT

- -0 ’ -2
1gC(10”
FIG. 4: Calibration curve: a. standard samples of PbS, b. standard soil

sample s.
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The AES determination of mercury in the PbS is performed under the same conditions
as the direct determination, described in V. The calibration curve (fig. 4.a) was obtained by
measuring standard PbS samples containing known quantities of mercury. -

Hesul ts and Discussion

The results of the analysis are presented in Table 1. In the Table the average values, n=5,
taken throughout the whole experimental time, can be seen. It was noticed, that there was
no seasonal variation of the mercury content in all of the sampling stations.

The limit of determination for the direct atomic emission spectroscopy was 0.8ug/g,
with relative standard deviation (RSD) 6%.

The limit of determination after preconcentration of mercury on PbS was 0.1ug of mer-
cury, preconcentrated on 0.2-0.4g of lead sulphide, with RSD 8%.

TABLE 1I: Mercury content in water and sediment samples from the river Strimon.

Content of Mercury

Sampling in water (ug/l) in sediment (ug/g)

place After preconcentration Direct AES After Preconcentration
B*-1 . 04 1.5 1.4

B-2 0.5 1.8 2.0

B-3 0.3 1.1 0.9

B-4 0.2 2.2 2.0

G**-1 0.5 2.7 3.0

G-2 0.1 0.7 0.8

G-3 0.3 1.8 1.5

G-4 0.2 1.3 1.5

B* sampling stations in Bulgaria
G** sampling stations in Greece

CONCLUSIONS

1. The possibility for AES determination of mercury in water as well as in sediment sam-
ples from the river Strimon after preconcentration on PbS was experimentally proved; the
direct determination of mercury in sediment samples is feasible too.

2. For the first time the mercury concentration in water and sediment samples from the
river Strimon has been determined.
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SUMMARY

The determination of mercury in surface water and sediment samples has been studied
using atomic emission é})ectroscopy (AES). The determination was carried out after pre-
concentration of mercury on lead sulphide formed by the reaction between Pb(CH3C00),
and Na»S added simultaneously into the sample solution. In the sediment samples the di-
rect determination of mercuyr was feasible too.

The limit of determination was 0.8pg/g for the derect AES and with RSD 6%, while for
the mercury preconcentrated on PbS was 0.1ug per 0.2-0.4¢g of PbS, with RSD 8%.

Keywords: Determination of mercury, Atomic emission spectroscopy, Preconcentration on
lead sulphide, Surface water, Sediment.

AEPINHWH

Mpoodtoplopdg tou UdpapyUpou Ot emipavetaka Udata Kat tAUata PE ATOULKI (pa-
oparookoria exkrmoptig (AES).

O npoodtoptoudg MPAYUATOTOtRBNKE HETA amd TTPOCUYKEVIPWGT TOU UdpapyUpou oE
BetoUxo poAuBdo Tou oxnuatiodnke kata tnv avtidpaon perafu Pb(CH3C00), wkat
Na25 Kata Tnv Tautdxpovn MpooBRkn Toug oto dtaAupa tou deiypartog. Zta t{riparta n
aneuBeiag pETpnon Tou udpapyupou ftav emiong duvatn.

To 6pto mpoadroptopol frav 0,8ug/g yta tnv ancubeiag AES kat pe RSD 6%, evi yia
TOV UdPApYupo Tou eiXe Mpoouykevipwlel oe PbS Rtav 0,1ug ava 0,2-0,4 PbS, pe RSD
8%. ‘

MpoadtopioBnke o udpapyupog o UdATa Kat t{Ruara Tou MoTapoU TTPUNWVA TOOO OF
EAANVikEG 000 Kat e BoUAyaptkég TEptoxEG Kat dev mapatnenonkav onuavtikeg dtagpo-
pEC.
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INTRODUCTION

There exist a number of reports on the mass spectra of various types

la,2

of mono-Schiff bases and on their versatile use for the synthesis of

3 great variety of heterocyclic compounds3. However, bis-Schiff bases have
received no attention.
The present study was conducted as a part of a major investigation on

bis-Schiff bases as photochemical precursors to important heterocycles.

RESULTS AND DISCUSSION

A consistent fragmentation pattern is observed in the mass spectré of
all the compounds 1-16 (Schgme i). In:all. cases séission of the molecule
occurs by a process which involves cleavage of the central carbon-carbon
bond. This produces two similar fragments either of which may carry the
charge. In addition to these fragments that are the base peak imall cases)
prominent peaks at m/z values corresponding to the molecular ions of the'
title compounds were observed. The relative intensities of the . molecular
jon peaks varied with the presence of substituents.
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6 H N(CH3)2 16 Ph C1
7 CH3 H

8 CH3 } CH3

9 CH3 C1
10 CH3 Br

SCHEME 1 : Bis-Schiff bases 1-16.

The main fragmentation pathways of the bis-Schiff bases 1-10 are de-
lineated in Scheme 2 by the representative example of 8. Its mass spec-
trum is given in Figure 1.

The fragmentation pattern shown in Scheme 2 is general for the bis-
Schiff bases studied, and the data for the compounds 1-10 are summarized
in Table I. The fragment a in Scheme 2 arises from the cleavage of central
C-C bond while the alternative breaking of the C-N bonds produces frag-
ments b and c. Further decomposition of a leads to ions m/z 105, 119,
145 and 131. The ions at m/z 105 and 119 are confirmed by the presence of
metastables at m/z 75.51 and 96.99 respectively, while the fragments at
m/z 145 and 131 could be assigned the azirine-structures f and g by com-
pa-ison of their fragmentation features with those reported for this ring
system4_6

In addition to these peaks, the fragmentation pattern of this class
of compounds is characterized by appearance of a prominent peak at m/z
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l%—+ 1]+ , corresponding to the Schiff base h. This fragment h is attri-
buted to a hydrogen transfer that takes place prior to decomposition. S ub-
sequently, loss of a hydrogen from h could be an alternative pathway for

the formation of a. Further fragmentation of h is consistent with reported
data1a and lends support to the proposed structure.

The fragmentation of 11-16 follows the same pattern for as in 1-10.
Scheme 3 illustrates the fragmentation pattern for 11-16 by the represen-
tative example of 15, while its mass spectrum is shown in Figure 2. The
data for the compounds in th1s series are summarized in Table II. The ab-
sence of methylene groups in the bis-Schiff bases of a-diketones 11-16
simplifies their mass spectra. Furthermore it could be said that they be-
have essentia]]yf]eke their ketonic precursors, a-diketones, that are

fragmented predominatly between the carbonyl groups to give acylium ionslb.

f,

. LI
CH - ‘ CH, Hi=C—( )i
J /////'
(/u}—,n c—@ CH—]+ cHzt N::c~<\:,}~cH37+' b, m/z 133
\ 4
CHZ—N=(IZ~@—CH3 ;CHZ—Nzcl:—@—CHB \ f”a
CHy CH3 CHy= CHNC‘@—CH:’._‘ +

m/g 292 [M+'] 292
CH31 : /e c, m/z 159

CH ——N:C—@— LA -H
3 3 -t i ~CHCN +
CHy= ﬁ—?—< :}—-CH3 3 CH'< >—CH2

hy, m/z 147

_CH3'/ \”3- tHy e, m/z 105

ke a, m/z 146 - *NHCN
) CH — Ri=C— cH, ’////, \\\\\\
Oy—t=c—()—CHy Iz % Zhe ‘ l-cria' CH3—@~EHCH3

k, m/z 132

cn—c—@—cH I+ . d, m/s 119
3 k]
AWAAN CH5—0—<:3}~CHJ+- .
N Oy Y/ -
f.m/z 145 N
g, m/z 131

SCHEME 2 : Fragmentation pattern of 8.
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TABLE I : Fragment ions in the mass spectra of bis-Schiff
bases 1-10
Compound

1 236(10)2 M*, 131(68), 119(25), 118(100), 117(22}.» 105
(48), 91(40),, 77(55),70 17" [118—-917", 42(7)

2 264(4) M+, 145(65), 133(27), 132(100), 131(20), 119
(92), 105(95), 91(41), 83.52" [132—105], 42(8)

3°  304(5) M*, 165(98), 153(23), 152(100), 151(22), 139
(95), 125(97), 111(22), 100,79 [152—=125], 42(7)

4% - 392(7) M, 209(77), 197(20), 196(100), 195(15), 183
(79), 169(82), 155(18), 145.72" [196—169], 42(7)

5 326(10) M*, 176(78), 164(22), 163(100), 162(25), 150
(76); 136(85), 122(20), 113.47"[163—+136], 42(9)

6 322(15) M, 174(85), 162(15), 161(100), 160(16), 148
(70), 134(45), 120(8), 111.52" [161—134], 42(10)

7 264(12) M', 145(55), 133(15), 132(100), 131(%0), 119
(20), 118(34), 117( 9) 5 105(87), 91(52), 83 52 [132——105‘],'
77(80), 62.73" [132——91] 56(20) '

8 292(33) M', 159(47), 147(18), 146(100), 145(91), 133
(23), 131(42), 119( s 105(91),'96.99*[146——119], 91k
(55), 75.51" [146——105] 56(22)

9 332(8) *, 179(4), 167(25), 166(100), 165(36), 153(8),
151(19), 139(12), 125(89), 116.39 [156»139], 111{18),
94.12" [166—»125] 56(15)

10°  420(10) MY, 223(10), 211(20), 210(100), 209(4é), 197

(21), 195(27), 183(15), 169(90), 159.47" [210—+183],

1155(15), 136.02" [210—+169], 56(10)

a . o s :
Numbers in parentheses indicade % relative abundances

b . . s s ey
Numbers in brackets indicate metastable transitions

35 79

The values of the ion fragments refer to Cl and "“Er
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SCHEME 3 : Fragmentation pattern of 15.

TABLE II : Fragment ions in the mass spectra of bis-Schiff
bases 11-16.

(‘ompound
11 236(45)°.M°, 118(100), 77(55), 50.24" [118—117), 41(15)
12 264(40) N, 132(100}, 91(60), 62.73" [132—=91], 41(15}
13 304(21) M', 152(100), 111(29), 81.05 [152—=111], 41(15)
14 360(14) M', 180(100), 77(27), 32.93"[180—=77]

15 388(5) M', 194(100), 103(10), 91(75), 77(15), 42.68"
[194—91]

16° 428(3) M+, 214(100), 103(16), 111(25), 77(18), 57.57"

[214—111]

a . S \ .
Numbers in parentheses indicate % relative abudances

b . P s -
Numbers in brackets indicate metastable transitions
c . - . 35
The values of the ion fragments refer to “Cl
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EXPERIMENTAL

M.p.s. were obtained on a hot stage apparatus and are uncorrected. The
mass spectra were run at 70 eV on a RMU-6L Hitachi-Perkin-Elmer single fo«
cusing mass spectrometer using the direct insertion probe of the samples.
I.r. spectra were recorded on a Perkin-ETmer 297 spectrophotometer. N.m.r.
spectra were taken on a Varian Associates A-60A instrument with tetrame<
thylsilane as an internal standard. Elemental analyses were performed on
a Perkin-ETmer 240 B Analyser.

Preparation of N,N -bis-(4-substituted benzilidene- or ethylidene-)ethyle~
nediamine 1-10-

They were synthesized in the usual manner by reaction of the appropri-
ate aldehyde or ketone with ethylenediamine in alkohol in a 2:1 molar ra-
tio. Purification was accomplished by recrystallization from alkohol. The
bis-Schiff bases 1-7 have been ‘reported previous1y7'9

spectral data of the compounds 8-10 are shown in Table III.

. The analytical and

TABLE IIT : Analytical and spectral data of the compounds 8-10 and 13

compound  Yield M.p.% Found (%) IR 4 AR {coct,)
(%7 ) . {Required) vmax(nujo])vim'1 &y
c H N
8 73 121-123 31.8 8.45 9.7 1640 (C=N) 2.23(6H,s), 2.32(6H,s), 3.88
(82.1) (8.3) (9.6} (4H,d), 7.10{4H,d), 7.63(4H,d)
9 8 187-189 64.5 5.4 8.3 1630 (C=N) 2.20(6H,s), 3.85(aH,s), 7.22
(64.9) (5.44) (8.4) (4H,d), 7.63(4H,d)
10 69 153-155 51.5 4.35 6.7 1630 (C=N) 2.21(6H,s), 3.86(4H,s), 7.18
(51.2) (4.3) (6.6) (8H,d), 7.63(4H,d)
13 92 128-129 62.7 4.8 9.1 1640 (cén) 2.17(6H,s), 6.80-7.40(8H,m)

(63.0) (4.6) (9.8}
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Preparation of bis-(4-substituted-phylimino-) diacetyl or benzil 11-16

They were prepared by reaction of the appropriate a-diketone with the

proper amine in alkohol in a 12 molar ratio and recrystallized from alko-

10-12

“hol. They have been reported previously except the compound 13 for

which analytical and spectral data are shovn in Table III.

SUMMARY

The electron-impact mass spectra of some bis-Schiff bases are reported.
Their characteristic pattern involves scission of the molecule into two
fragments by cleavage of the central carbon-carbon bond. The presence of
the molecular ion is prominent in all cases.

NEPIAHWH

3tnv epyacla auth peAetwvtaL Ta @dopata padmv NAEKTEOVLKOU LOVLOUOU
yepLkov Rdoswy tou Schiff. XapaktnpLotikd €lvair To LOv Tou MpokKUNTEL anbd
epauon TOu KEVTPpLKOU eopoy C-C tou uoplou, kat amoteAel tnv Baoikr Kopu-
o kabue kat ot evaAlakTLkEC BPauoUATOTIOLACELC.
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MONOHALOGENBENZOYLHYDRAZONE IV, SYNTHESE® UND UNTERSUCHUNGEN
VON Rh(III)-KOMPLEXEN MIT MONOHALOGENBENZOYLHYDRAZONEN DES
2-FURALDEHYDS, 2-THIOPHENALDEHYDS UND -2-PYRROLALDEHYDS ALS
LIGANDEN
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INHALTSUBERSICHT

Eine neue Reihe von Rh(III)-Komplexen mit Benzoyl- und Chlorobenzoyl-
hydrazonen des 2-Furaldehyds (FBH bzw. FC1BH), 2-Thiophenaldehyds  (TBH
bzw. TC1BH) und 2-Pyrrolaldehyds (PBH bzw, PCIBH) als Liganden wurde her-
gestellt und untersucht. Auf der Basis spektroskopischer Untersuchungen
(IR, UV-Vis) sowie Messungen der magnetischen Suszeptibilitdt, der mola-
ren Leitfdhigkeiten und DTA/TG wird flr die ionischen Komplexe die  ver-
zehrt oktaedrische Struktur vorgeschlagen.

Key words:Rhodium complexes, monohalogenbenzoylhydrazones, 2-furaldehyde,
2-pyrrolaldehyde, 2-thiophenaldehyde, synthesis, DTA/TG analysis,

EINLEITUNG

Bedingt durch ihre praktische Bedeutung, hat die Chemie des Rhodiums
in den Tetzten Jahrzehnten besondere Aufmerksamkeit erfahren., Breite An=-
wéndung finden die Komplexe des Rh(III) in der Katalyse1, sind aber auch
von besonderem Interesse fiir Fragen der biocanorganischen Chemie da sich
diese, bekanntlich, durch eine zum Teil groBe bakterizide und zytostati-
sche Wirkung auszeichnen2_4. Unter diesem Gesichtspunkt und in Fortsetzung

unserer Arbeiten® 10

tiber das Koordinationsverhalten halogensubstituierter
Benzoylhydrazone beschreiben wir in der vorliegenden Arbeit die Synthese
und Untersuchung der Eigenschaften einiger Rh(III)-Komplexe mit Benzoyl-

hydrazonen des Typs I als Liganden,
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C_NH_N=CH© X =H, Cl
5 Y =0,S,NH

Diese Spezies haben sich als recht gute Liganden fiir eine Reihe von
Ubergangsmetallionen, u.s. flir Nickel(II), Kobalt(II),Kupfer(II),Zink(II)
und Titan(IV) erwiesen. Nach den bisher vorliegenden Ergebnissen bilden
diese polyfunktionellen Liganden sowohl aus der Keto- als auch aus der
Enolform heraus Komplexe verschiedentlicher Zusammensetzung (1:1 bzw.
1:2), wobei in der Regel unter Koordinierung des Carbonylsauerstoffatoms
und des Azomethinstickstoffatoms Funfringchelate entstehen. Das zweite
Stickstoffatom ist ebenso wie das Heteroatom des Fiinfringes (0,S,N) nicht
an der Koordination beteiligt. Beide zeigen auch keinen wesentlichen Ein-
fluB auf die Koordinationseigenschaften der Hydrazone. Gleiches gilt auch
flir dasChloratom; seine Lage im Benzolring beeinfluBt lediglich die Aus-
beute der Umsetzungen. Diese steigt in allen Fdllen erwartungsgemdf in-
nerhalb der Reihe o-, m-, p-Stellung des Substituenten. ‘

EXPERIMENTELLES

Die Herstellung der‘Behzoy1— und Chlorbenzoylhydrazone erfolgt nach

den in der L1'ter'atur'H-14

beschriebenen Methoden, die Schwingungsspektren
der Komplexe werden an KBr-Preflingen im Bereich 4000-250 cm_1 mit einem
Spektrometer 467 der Firma Perkin-Elmer aufgenommen. Elektronenabsorpti-
onsspektren werden mit Hilfe eines UV/Vis-Spektrometers 200 (Perkin -E1-
mer-Hitachi) registriert. Die molaren Leitfahigkeiten werden -in 10_3 M
methanolischen Losungen mit Hilfe einer Leitfdhigkeitsbriicke Modell  RC
216 B2 der Firma Industrial Instruments Inc., die magnetischen Momente in
der Ublichen Weise nach Gouy be§timmt.Die DTA/TG-Diagramme werden mit ei-
ner Thermowaage Linseis L 81-82 bei ca. 750 Torr und einer Aufheizgesch-
windigkeit von 10°C/min aufgenommen. Zur Reinigungskontrolle werden die
CHN-Analysen mit einem Perkin-Elmer 240 Analyzer durchgefﬁhrt; die Erge-
bnisse (zusammen mit der Angabe von Ausbeuten und molaren Leitfihigkei-

ten) sind in Tab., 1 zusammengefaft.



159

Rh-KOMPLEXE. VON MONOHALOGENBENZOYLHYDRAZONEN

20°'¢ 98°2 268 25°8 ‘m_.om £2°62 GOl 08 (%) (HaLodd)lowy 11X
vL'2 98°2 £6°8 25°8 69'62  €2°62 L8 LL (%) (HaLoud)1ouy  IX
9€°2 98°2 61°6 25°8 G2'0€  £2°6¢ 68 5/ 19 %(0%)(HgLo0d)¢1ouy X
18°€ 62°¢€ v2'0L  9L°6 €z'ee  ev'le VLl Z8 19 2(0%) (Had)% 10wy XI
6£°2 15°2 §1°9 6%°G v1'82 9282 L6 09 19 S(0%H)(HgLodL) 10wy ITIA
6£°2 L1°2 6v°G . 6¥°G 10°82  92°82 9l 6 10 NAONIVAImPuEHVN_u;m 1IA
65°2 15°2 §8°G 67°G Lv°82 @N.mm 0Ll st 10 (0%) (HaLooL)Cloud 1A
oL'e 96°2 509 68°G 0670  LEOE 1oL 95 19 $(0%H) (HaL)Loud A
0L°2 §9°2 §6°S £9°G 60°0€ 81762 h 601 22 19 (0%H) (HgLoda)CLouy AT
09°2 §9°2 §5°G £9°§ G1°62 8162 0l 59 10 %(0%H)(HaLowd)Clowy 111
28°2 §9°2 €86 £9°§ 010 8l°62 26 85 L2 NAON:VAIm_uomvm_Q;m I1
22'¢ L0°€ p2°9  60°9  bpUlE  9E'LE 08 be 19 ¢(0%) (Ha1)lowy 1
FE) *Jdaq E):) QVEY] e QVEYS A_-_os -Eu_-szov

H N% 2% 1L46LyRy (%)

usleq aydstiALeuy

-1137 aJeloy d3nagsny

*axa|dwoy J9p useq

ayosL3ALeue pun UalLaybLYR4ILeT Bde oW ‘udinagsny

BunpuLqdap

"I 371739Vl



160 I.A. TOSSIDIS, C.A. BOLOS, R.N, ASLANIBIS

Synthese der Komplexe

Zur Praparatwon der Komplexe wird zu einer Ldsung von RhCl -3H20 in
wenig Methanol die methanolische Losung der dquimolaren Menge des Ligan-
den Tangsam zugetropft und bei 50-60°C etwa 2 Stunden gerithrt, wobei die
Komplexe in Form farbiger Festkdrper fallen. Die Fd1lung kann durch Zu-
gabe von wenig Diethylether vervollstdndigt werden. Die Produkte werden
anschlieBend durch Filtration isoliert und im Vakuum getrocknet.

ERGEBNISSE UND DISKUSSION

Die Umsetzung der Hydrazone mit RhC13-3H20 in methanolischer L@sung
im Molverhdltniss 1:1 Tiefert schon nach kurzer Zeit in guten Ausbeuten
Tuftstabile farbige Festkdrper der Zusammensetzung RhC13(L)-2H20.‘ Diese
sind bis 270°C unschmelzbar (oberhalb dieser Temperatur tritt in allen
Féllen Zersetzung ein), unl@dslich in Wasser und wenig 16slich in den {ib-
Tichen organischen Ldsungsmitteln. '

Einen ersten Hinweis auf die Struktur der -Komplexe Tiefert die Mes~ .
sung ihrer magnetischen Momente. Die Verbindungen erweisen sich als dia;
3+-Ions (d6),fﬁr
e1ne oktaedrische Anordnung der Liganden spricht (Low-Spin-Konfiguration

magnetisch, ein Befund, der im Falle des vorliegenden Rh

2 ). Im Einklang damit zeigen die Werte der molaren Leitfshigkeit me~
thano11scher LGsungen der Komplexe (Tab.l) das Vorhandensein von Elektro-
lyten des Typs 1:1 an16 und legen damit die Formulierung

IRhC1 )(H O) [CT nahe.

Schwingungsspektren

In Tab. II sind die Banden einiger charakteristischer Gruppen angege-
ben. Im folgenden werden diese ausgewdhlten Schwingungsbanden kurz  di-
skutiert. Die Absorptionen der ilibrigen Gruppen liegen in den erwarteten
Bereichen und sind fiir die Strukturaufkldrung der Komplexe weniger cha-

rakteristisch.
Die sehr starke Bande der Hydrazone im Bereich 1670-1650 cm_1 9’1§,
welche der Valenzschwingung der Carbonylgruppe v(CO) oder der Amidbande I

15,17-24

zugeordnet werden kann , erscheint in den Komplexen infolge der

1o tieferen Frequenzen verscho-

Koordination dieser Gruppe um 25-60 cm
ben. Eine ebenso starke Koordinationsverschiebung in gleicher Richtung
erfdhrt die im Bereich 1625-1570 cm-1 Tiegende Bande der Aminocarben-

. 22-25
schwingung v(C=N) .

Die (N-N)-Valenzschwingung, die in den freien Liganden im Bereich um
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900 cm~1 1iegt, ist in den Komplexen um 10-55 cm’1 zu htheren Wellenzah-
len (960-910 cm-1) verschobenzs’26
kung der N-N-Bindung deutet im Zusammenhang mit der Lage der (C=0) - Va-

. Diese koordinationsbedingte Verstdr-

TARELLE II.Characteristische IR-Banden der Rh(III)-Komplexe (KBr-PreBlinge,
. -1 :
incm™').

Verb. v(C=0) v(C=N) . v(N-N) v(Rh-N)  v(Rh-0)  v(Rh-C1)

I 1625 1550 940 590 410 325
IT 1630 1560 960 585 430 330
ITI 1625 1550 930 590 420 320
IV . 1625 1545 935 585 420 320
v 1605 1530 925 590 430 320
VI 1630 1580 930 590 430 320
VII 1630 1605 930 590 420 330
VIII 1600 1580 925 610 420 330
IX 1600 1545 930 590 420 330
X 1610 1590 930 590 430 335
XI 1610 1570 920 590 420 330

XII 1600 1580 910 600 440 330

lenzschwingungsbande auf eine stark ausgeprigte Ladungsdelokalisation im
System 0==C==NH >N der Chelatkomplexe hin.

Die (Rh-N)-, (Rh-0}- und (Rh-C1)}-Valenzschwingungen
den IR-Spektren aller Komplexe als relativ schwache Banden bei 610-585
cm-1, 440-410 cm™' bzw 335-320 cm”'. Die recht starke Bande bei 3420 cm”
wird schlieBlich der v(0-H)-Schwingung des koordinierten Wassermolekiils

27-29 . .
erscheinen in

1

. zugeordnet.

Elektronenabsorptionsspektren
Die Daten der Elektronenabsorptionsspektren der Komplexe sind in Tab.
1II zusammengefaBt. Die UV/Vis-Absorptionsspektren der Liganden sind durch
zwei - intensive Banden im Bereich 230-273 und304-331 nm gekennzeichnet,
die als m»>n*- und n»>n*-Ubergange in den Gruppen C=N bzw. C=0 zu interpre-

tieren~s1'nd20’30’31

. In den Spektren der Komplexe sind die Maxima dieser
Banden im Vergleich zu den Banden der freien Liganden stets zu hoheren
Frequenzen (um 5-35 nm fiir die erste und um 10-36 nm flir die zweite Bande)

verschoben. Diese Tatsache bekrdftigt die Annahme einer Koordination, iliber
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das Azomethinstickstoff- und das Carbony]-sauersfoff—Atom32. Die UV/Vis-
Absorptionsspektren der Komplexe von PBH und PCIBH weisen schlieBlich

TABELLE III.Elektronische Spektrén der Rh(III)-Komplexe bei 25°C (in
Methanol).

Verbindung ‘ Absorptionsbanden in nm (log-€)
I 255 (4.68) 332 (4.35)
I 266 (4.43) 340 (4.16)
111 235 (4.41) 324 (4.56)
v 245 (4,38) 335 (4.19)
v 275 sh 340 (4.09)
VI 273 (4.03) 328 (3.87)
VII 270 sh 340 (4.04)
VIII 270 (4.19) 348 (3.75)
IX 265 sh 350 (3.91) 490 (3.83)
X 267 (4.30) 348 (3.56) 503 (3.74) 536 sh
X1 270 sh 355 (3.86) 535 (3.99)
XII ~ 268 (4.39) 350 (3.42) 523 (3.50)

————

recht intensive Charge-Transfer-Banden im Bereich 490-536 nm auf. Die en%¥-

sprechenden Banden analoger Rh(III)-Komplexe werden von einigen  Auto-
33,34 1, 1 i )

en A19 T1g und A1g ng

net, was jedoch im Falle der von uns untersuchten Komplexe auf Grund der

r (d-d)-Ubergangen des Typs zugeord-

Intensitdten nicht zutrefen kann.

DTA/TG-Messungen .

Die Daten der DTA/TG-Messungen dreier reprdsentativer Komplexe (IV,
VIII und XII) sind in Abb. 1,2 und 3 angegeben, Wie daraus zu entnehmen
ist, lduft die Zersetzung der Komplexe in drei bzw. vier Stufen ab. In
der ersten Stufe zwischen 40-150°C werden in allen Fillen zwei Wassermo-
lekilile abgebaut. In der zweiten und dritten Stufe zwischen 210-400°C wer-
den die beiden organischen Gruppen C7H5C1 und C5H4O bzw. C5H4S bzw.C5H5N
abgegeben. Beim Komplex XII ist der getrennte Abgang dieser zwei Gruppen
eindeutig erkennbar und zwar wird zuerst die C7HSC1- und darauf folgend
die CSHSN—Gruppe abgespalten. Im Falle des Komplexes VIII wird dieser
Befund sogar durch die zwei dazugehdrigen endothermen Peaks belegt. In
der Tetzten ebénfa11$ stark endothermen Stufe zwischen 335-550°C  ent-
wefchen drei C1-Atome; charakteristisch hierfiir sind drei aufeinander-
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folgende Peaks (510, 515, 5200C) im DTA-Diagramm von IV.Der Rickstand ent-
spricht in allen Fillen der Forme]l {RhONz}a).

o -
20| Exo
t
AT
P
o Endo
%40
3
T
¢
>
c
LY
w
u
©
S 60|
TG
80 DTA
100 1 L ! 1 ] 1

100 200 300 400 500 600
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Abb,III Thermoabbau von RhC13(PpC1BH)(H20)2

Die stufenweise thermische Zersetzung der drei untersuchten Komplexe
138t sich durch einfache Einzelreaktionen wiedergeben, was am Beispiel
des Zerfalls von XII demonstriert sei:

1. Stufe : (C1C.H,CONHN=CHC

eHa A 4N)Rh61 (H 0)2

(C1C.H,CONHN= CHC N)RhC] +2H

64 0

2

2. Stufe : (CI1C H4C0NHN CHC N)RhC1

-—> {(onncre,m JRRCT}s {@ c1}

3. Stufe :  {(ONNCHC,H,N)RRCT ;} —— [thNZCIé} +»[ﬁ5H5N}

a) Formale Schreibweise
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r hi r
4. Stufe : JRhON,C1.} —— J{RhON,| + 30
€ { 2 3k 1™

Vergleicht man die IR- und UV/Vis-spektroskopischen Daten der vonuns
untersuchten Komplexe mit den éntsprechenden Daten éna1oger Komp1exe30,
so kann man auch hier die Beteiligung der Azomethin- und der Carbonyl-
Gruppe der Hydrazone an der Komplexbildung als gesichert ansehen. Wie
aus der Literatur bekannt 1st35,b11det Rh(III) mit zweizdhnigen Liganden
oktaedrische Komplexe des Typs |RhC12L(H20)2|C1. Im Falle der von uns
untersuchtern Komplexe wird die Annahme einer verzehrt oktaedrischen
Struktur zusdtzlich durch die Ergébnisse der Messungen der magnetischen
Suszeptibilitdt bekrdftigt. Welche der prinzipiell mdglichen Strukturi-
someren (Abb. 4, a-d) bevorzugt realisiert wird, ist aus den bisher vor-

1iegenden Daten nicht zu erkennen.

cl ’ cr * c : H,0
(w\l/om 0\\L/a <N\JW/mﬁ <m\$/a
Rh R R
o7 | ToH o7 | T OH, o7 | Ta o7 | Ta
ci H0 O H,0
a b c d

Abb.IV Mdgliche Strukturisomere der [RhCTzL(H 0 |+ - Komplexe

2 )2

Aufgrund dieses Strukturvorschlags wurde man zwar eine Aufspaltung
der drei chemisch unterschiedlichen C1-Atome bei der TG-Analyse der Kom-
plexe in verschiedenen Stufen erwarten, was jedoch vom Experiment nicht
bestdtigt wird. Das anders lautende experimentelle Ergebniss findet eine
mggliche Erkldrung in der Annahme, daB das Cl-Ion, nach der H20—Abspa1—
tung, wahrscheinlich unter gleichzeitiger Umwandlung der Struktur, Koor-
dinativ an das Zentrallatom gebunden wird. Weiterhin kbnnen, sowohl die
Tatsache daB 0 und N Bestandteile des Riickstands der chemischen Zerset-
zung aller untersuchten Komplexe ist, als auch die jeweiligen Zerfalls-
muster, als weitere Indizien flir die Koordination der Liganden iiber das

Carbonylsauerstoff- und das Azomethinstickstoff-Atom gelten, Aus den
TG-Daten geht schlieBlich hervor, daB die Rh-C1 Bindung thermisch labirer

ist als die Rh-0 und Rh-N-Bindung, zumindest unter den Bedingungen des

Experiments.



TABELLE IV. DTA/TG-Daten fiir einige Rhodium(II) - Komplexe.

'DTA-Ergebnisse

TG-Ergebnisse

Verbindung Stufe Temperatur-Peak(®C) Temperatur- Massen- Abgespalte- Berechn.
Endotherm(-) bereich(°C) verlust (%) tes Fragment Masse (%)

RhC13(FpC1BH)(H20)2 a 50-150 7.3 2H20 7.29
b 370(-) 250-380 42.6 C7H5C1+C5H40 41,39

C 510(=),515(~),520(-) 490-525 21.6 3C1 21.56

Riickst. >525 ' 28.5 RhON,, 29.76

RhC]s(TpC1BH)(H20)2 a 50-130 7.0 2H20 7.06
b ‘300(—),375(-) 220-330 42.8 C,HgCT1+CgH,S 43,25

c 525(-) 490-550 20.0 3C1 20,89

Riickst. 570(-) >550 30.2 RhON,, 28.80

RhC13(PpCIBH)(H20)2 a 40(-) 40-120 6.9 2H,0 7.30
b 210-230 24.5 . C4HgC 25.26

c 355(-) 330-355 16.5 CSHSN- 16.03

d 380(-) 355-430 22.6 3C1 21.61

Riickst. >430 29.5 RhON2 29.82

991

NINOZYHYQAHTAOZNIENIIOTYHONOW NOA IXITdWON-UZ
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SUMMARY

MONOHALOGENOBENZOYLHYDRAZONES IV, SYNTHESIS AND STUDY OF Rh{III) COMPLE-
XES WITH MONOCHLOROBENZOYLHYDRAZONES 0F12-FURALDEHYDE, 2-THIOPHENALDEHY -
DE AND 2-PYRROLALDEHYDE AS LIGANDS.

A new series of Rh(III) complexes with benzoyl and chlorobenzoyl hy-
drazones of 2-furaldehyde (FBH and FC1BH), 2-thiophenaldehyde (TBH and
TC1BH) and 2-pyrrolaldehyde (PBH and PCIBH) have been synthesized and stu-
died. According to the spectral (IR, UV-Vis) data, magnetic and conducti-
vity measurements and DTA/TG thermal studies the distorted octahedral geo-
metry has been proposed.

MEPIAHVH

MONOAAOIMOMOBENZOYAOYAPAZONEZ IV, 3YNOEZH KAI MEAETH ZYMMAOKQN ENQZEQN TOY
Rh(III) ME YMOKATASTATEZ MONOXAQPOBENZOYAOYAPAZONES TH® 2-GOYPAAAEYAHZ,
2-0ETOOAINANAEYAHZ KAT 2-NYPPOAMNAEYAHZ.

Stnv mapoloa epyacia mepLypdeetaLl n olvBeon kaL n peAETn dwdeka VEwv
oUUTIAGKWY evioewv Tou Rh(III) pe Bevlolilo- koL povoxAwpo-BevZolAolidpals-
veg Tne 2-goupaAdeiidng (FBH kat FCI1BH), tng 2-BeLopalvaAdeldng (TBH  kat
TC1BH) kar tng 2-nuppoAaAdelddnc (PBH kaiv PC1BH) w¢ umokataotdreg. H mapa-
OKEUR TwV OUPTAOKWYV QUTWV evioswv, oL omoleg elval OAeg Eyxpuwuec (k{TpLveg
¢we kepapépubpec) vivetar pe avauLin peBavoAilkwv StoAuvpdtwv RhC1 KaL
tng avtiotolxng udpaldévng oe popLakh avadoyia 1:1. H otolxeiakr ~ avdAuon
TWV TOPOOKEUGTOEVTWY CUMTAOKWY avTLotoLlXel oto vevikd tidmo RhCl L(HZO) .
And peTphoeLc TNC WOPLAKAC aywyLpudTntag ouunepaivoupe 6tL mpdkeltal GLG
nAektpoAliteg Tou tUmou 1:1. EZA4AAou To veyovog O6tr elval SrapayvnTikd el-
vaL éva otouxelo UmapEng oktaedpLkAc cuppeTplag tg , HE xapnAoU spin nAek-
TPOVLKA BLaudpewon Tou Keviplkol Lévtoc Rh3+. H peAétn twv gaoudtwv  i.r.
KaL uv-vis Twv peAeToluevwv oupmAokwv odnyel oto cuumépaopa OTL oL UTIOKA-
taotdteg elval diLdovtikol cuvapuolbuevol péow tou KapBovuhiLkol oZuyodvou
KOL TOU OTOHOU Tou aliitou TnG alwueEBLVLKAG opddac, eve o apLBudg ouvaplo-
vic £ZL ouumAnpdvetaLr pe dlo pbpLa Udatog kal d0o dtoua xAwplou. "EtoL ka-
toMyoupe oto cuumépacua 6TL Ta TmapackeuacBévta olumAoka elval kaTLovikd,
oktaedpLkd tou tomou |[RhC1,L(H,0) |* €17, mAnv duw¢ Ta UMAPXOVTA TELPONOTL=-
kG Sedopéva dev enLTpENOU tna EﬁGKpLBﬁ dLdkpLon WETOEL Twv duvaTdv  Loo-
peplv (2x.I1V). Emlong and tn Gepuikh avdAuon DTA/TG mpokimTeL OTL OTo Tpo=
To oTddL0 amoom@vTaL dUo pdpLa Udatoc, okohouBel n amdomaon twv dbo opya-
VLKOV ouddwv (C H5C1 kaL C.H,X, émou X=S,0,NH) kaL oto teheutalo otddLo a=
NOOTWVTAL TA tha atoua XA p%ou, eve) pével we umdAeLppa (RhON,). TéAog
SLaniotdvetal 6tL o deoudg Rh-C1 elval Bepuikd aotabéotepog tav deouv
Rh-0 kat Rh-C1, TouhdxLoTov umd TLC OUVBAKEG TOU TMELPAUATOG,
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SUMMARY

The aim of this paper is to examine the effectiveness of the applica-
tion as fixing agents of eleven 1(3)-alkyl-4-amino-5-phenyl-pyrimidinium
bromides (cationic surfactants) to five direct dyes on cotton fibres, as
well as, to compare these cationics with a conventional one (Levogen)
which is already used commercially for similar purposes.

The evaluation of the fixing was measured by the wet fastness tests.
Some of the pyrimidinium cationics are believed to be of great interest,
because they improve fixing of some of the most difficult dyes as are red,
blue and orange. This fixation was sometimes almost excellent, even with
low concentration of the cationics (1, 2%).

Key words : Cationic surfactants, 1(3)-alkyl-4-amino-5-phenyl-pyrimidinium
bromides, fixing agents, dyeing of cotton fibres, direct dyes.

INTRODUCTION

The cationic surfactants are widely used as fixing agents in fibres
dyed with directl-5 or reactive dyes®.

R. Schetter! uses as fixing agents for cotton fibres dyed with direct
dyes, among others, Levogen FWN and Solidogen FFL, which are belteved to
be quaternary cationic surfactants, in 4% o.w.f. depth of shade, whereas
J.A.Rippon? uses Glytac A 100 and Levogen RS as fibre reactive quaternary
ammonium compohnds in 4 and 6% o.w.f. depth of shades.

Cationic pyrimidinium surfactants are not known nevertheless as fix-
ing agents. The only known pyrimidinium compounds in that field, are rea-
ctive quaternary compounds®-10 which are used as pretreatment agents on
the cellulosic fibres.

That fact encouraged us to use the cationic surfactants 1(3)-alkyl-4-
amino-5-phenyl-pyrimidinium bromides 11,12 as aftertreatment agents. The
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proposed cationics are easily synthesized with high yields>2 from not
expensive raw materials.

R=C Hsnn
N . a:n=8, b:n= 9, ¢c:n=10, d:n=11,
§‘N NH;Br‘ e:n=12, f:n=13, g:n=14, h:n=15,
R _ i:n=16, j:n=17, k:n=18.

These pyrimidinium cationics were examined as fixing agents on dyed
cotton fabrics with five direct dyes in the same depth of shade (3% o0.w.f.).

~

The dyeinds were aftertreated with different concentrations (0.4, 1,
2, 4% o.w.f. of weight fibre) of all the above cationics, using the exh-
aust method.

The fixing result of the cationics was evaluated from the wet fast-
ness of the aftertreated dyeingsl,”>13,

These pyrimidinium cationics have shown a satisfactory effectiveness
in IS0 nr 2, whereas in the perspiration fastness have sometimes shownal-
most excellent results.

EXPERIMENTAL

Fabrics

Greek bleached cotton fabrics commercially available were used. For
all the water fastness tests the undyed fabrics were cotton and wool, ;
both commercially available too. The fabrics were well washed with soap '
and rinsed before any use.

Dyestuffs

The following direct dyes of Ciba Geigy were used in the trials :

1) Solophenyl Rouge 3BL-C.I. Direct Red 80.
2) Solophenyl Brill Blue BL-C.I. Direct Blue 106.

3) Solophenyl Orange TGL-C.I. Direct Orange 34.
4) Solophenyl Gris NGL-C.I. Direct Black 113.
5) Solophenyl Brillant Green 2GL-C.I. Direct Green 65.

Fixing agents »
Levogen FWN was used in 4% o.w.f. depth of shade. The cationic sur-
factants 1(a-k) were used in 0.4, 1, 2 and 4% o.w.f. depth of shades.

Dyeing process

The samples were dyed in a dyeing machine John Jeffreys Ltd Rochdale
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Bambury, to the same depth of shade (3% o.w.f.) with all the above direct
dyes. Liquor ratio 20: 1. The temperature of the dyeing bath was gradually
raised from 50 to 100°C in 0.5h during which 20 g/1 glauber salt was ad-
ded and then the temperature held at 100°C for 1 h. After dyeing, the fa-
brics were thoroughly rinced with cold tap water and dried at room tempe-
rature.

Aftertreatment of Dyed Fabrics

The dyed fabrics were aftertreated with the solutions of the above
cationics 1(a-k) at Liquid Ratio (LR) 40:1, pH 6, in the previous dye
machine over 45°C for 0.5h. The samples were then squeezed and dried at
room temperature. The fabrics dyed with red, blue and orange were after-
treated with Levogen FWN in 4% o.w.f. depht of shade.

Bleeding during this aftertreatment!* was measured spectrophotometri-
cally using a Spectronic 20 Bausch & Lomb spectrophotometer at A max 520,
590, 419, 590 and 640 nm for the dyes rouge 3BL, blue BL, orange TGL, gris
NGL and green 2GL respectively.

Dye Fastness tests

Washing fastness was determined according to ISO nr 2 and perspira-
tion fastness according to DRAFT PROPOSAL for ISO RECOMMENDATION. The re-
sults of fastness are summarized in Tables I-1IIl for the dyes red, blue
and orange respectivelly. For the perspiration tests six cationics, lc-1h,

were used as representatives.

RESULTS
Bleeding

In the aftertreatment trials bleeding was for the dyes orange red,and
blue, in the absence of agent (blank) 0.0036, 0.0104 and 0.0015% respecti-
vely. In concentration. 0.4% of all the cationics for the sames dyes was 0-
0.002, 0-0.002 and 0-0.0015% respectively, whereas in concentrations 1-4%
was always 0%.

For the dyes green and grey in the absence of agent bleeding was
0.0022 and 0.0011% respectively, whereas in concentrations 1-4% of all the
cationics was always 0%.

Wet fastness tests

The score of cotton staining in the ISO test for the three dyes red,



TABLE I : Fastness to Washing and Perspiration of dyeings (with Solophenyl Rouge 3BL) aftertreated with sevéra]
concentrations of the cationics 1(a-k)(ISO nr 2, C=Colour Change and S=Cotton Staining).
Amount None la_ _1b 1c 1d le
of IS0 Perspirafion ISO IS0 IS0 Perspiration ISO Perspiration IS0 Perspiration
agent pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8
tow.fel ¢ s ¢ s ¢ scscscsS € S C SCS CSC SCS CSC S
0 4 1-2 4-5 1-2 4-5 1-2
0,4 4 3-4
1 4 2-3 4 2-3 4 2-34-51-2 4-5 1-2 4 3-4 4-5 3 4-5 2-3 4 2-3 4-5 3 4-5 2-3
2 42-342-342-34-52-34-5 2 43-44-544-5 4 42-34-5414-5 4
4 4 2-3 4 2-342-34-5 3 4-52-3 4 3-4 4-54 4-5 4 4 2-3 4-5 4 4-5 4

1f 1g 1h li 1j 1k
150 Perspiration ISO Perspiration ISO Perspiration ISO ISO  ISO
pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8

cs € s ¢

s ¢s ¢ s ¢ sc¢cs ¢ s ¢ scscsc¢cs

4-5 1-2 4-5
4 2-3 4-5 4-5 4-5
4 2-3 4-5 5 4-5
4 2-3 4-5 5 4-5

1-2 4 2-3 4-5 1-2 4-5 1-2 4 2-3 4 3-4 4 3-4
4 4 2-3 4-51-2 4-5 1-2 4 2-3 4-5 4 4-5 3-4 4 2-3 4 2-3 4 2-3
4 4 2-3 4-5 3-4 4-5 3-4 4 2-3 4-5 4-5.4-5 4 4 2.3 4 2-3 4 2-3
4 42-34-5 5 4-54-542-34-5 5 4-5 5 4 2-34 2-3 4 2-3
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TABLE TII :

Fastness to Washing and Perspﬁration of dyeing (with So]ophény] Orange TGL) aftertreated with se-
veral concentrations of the cationics 1(a-k)(ISO nr 2, C=Colour Change and S=Cotton Staining).

4 34-55 4«55

A ¢ None la 1b , 1c 1d le
moun
s IS0 Perspiration IS0 150 ISO Perspiration ISO Perspiration IS0 Perspiration
0
agent pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8
% ow.f. ] C S C S C S C s C S Cc s CsZC s c S Ccs¢Cs CscCscs
0 41-24 1 4 1
0,4
1 4 3 4 3 4 3 43-443-4 4 3 44-544-5 4 2-344-544-5
2 4 3 4 3 4 3 4 4 43-4 4 3 44-544-5 4 2-344-54 4-5
4 4 3 4 3 4 3 44-544-5 4 3 4 5 4 5 42-34 5 4 5
1f 1g ih 1i 1j 1k
ISO Perspiration ISO Perspiration IS0 Perspiration IS0 1s0 Is0
pH 5,5 pH 8 pH 5,5 pH 8 pH 5,5 pH 8
CSCsSCS c s CcC s cCs c s CcCs ¢S c s c S c S
4 1-2 4 1-2- 41-2 4 1-2 4 3 4 3 43
4 3 44-544-5 4 3 42-342-3 4 3 44-544-5 4 3 4 3 4 3
4 3 44-544-5 4 34-554-55 4 3 4 4-54 4-5 4 3 4 3 4 3
4 3 4 5 4 5 4 3 4 5 4 5 4 3 4 3 4 3

viL
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blue and orange showed a satisfactory improvement for all the cationics
(Tables I-III).

For the dyes green and grey the cotton staining of the blank was 2-3
amd 3-4 respectively, whereas for all the concentrations of all the catio-
nics was 2-3 and 4-5 respectively.

In the perspiration tests the cotton staining of the blank was for
the green and grey 4-5 and 5 respectively. The score of cotton staining
for all the cationics in concentrations 0.4-4% was from 4-5 to 5 for the
dye green, whereas for the dye greylin the same concentrations was from

4 to 5.

Concerning the wool staining, only the dyes blue and red showed a
score different than 5, that i% in concentrations 0.4-2% of all the ca-
tionics the score was 4-5 for both dyes and both PH, whereas the respe-
ctive blanks were 3-4 and 4-5.

DISCUSSION

The pyrimidinium cationics were effective as fixing agents in cotton
fabrics dyed with direct dyes. This can be explained as follows :

The pyrimidinium cation reacts with the dye forming ionic bonds with
the anionic sulfonic groups according to the equation :
"L *Dye-803Na' —=Dye-S0; | +NaBr

N-SNH,Br SNTSNH,

: 1

Firstly, this compound 1 neutralizes the solubilising effect of the
sulfonic groups of the dye making it less water soluble and so less easi-
1y washed out. Secondly, it increases the physical size of the dye mole-
cule, so that it becomes trapped in the internal structure®. We consider
that the phenyl group of the pyrimidine ring of the~1,re1nforces that se-
cond effect, by increasing more the size of the dye molecule, compared
with the sizes of the quaternary ammonium salts or pyridinium salts which
are mostly used as conventional cationics.

Besides, the conventional catjonics have been used many times to gi-
ve antibacterial textile finishes!®>. The examined pyrimidinium cationic sur-
factants have also shown these antibacterial propertiesls2 with more ef-
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fective the compounds with 12-15 carbon atoms in the long chain, that is
the compounds le-1f.

The effectiveness of the pyrimidinium cationics in ISO nr 2 was si-
milar to that usually obtained with the conventional ones, whereas in per-
spiration fastness the results were sometimes excellent.

Table IV shows the lowest concentrations of the cationics, which the
best scores (4-5 and 5) are obtained with,in the perspiration tests (op-
timum concentrations). It is visible that for the dye red the cationics
1f-1h gave the best scores at concentrations 2, 4 and 4% respectively,
for the dye blue the cationics 1d-1h‘'gave the best scores at concentra-
tions 4,2, 1,2 and 1% respectively, whereas for the dye orange, the ca-
tionics 1c-1h at 4,1, 1,1, 2 and 1% respectively.

TABLE iV : Optimum concentrations of the aftertreatment agents for per-
spiration fastness.

Aftertreatment |Concentrations of the agents (%0.w.f.)
agent Rouge Blue Orange
1c - - 4
1d - 4 1
le — 2 1
1f 2 1 1
1g 4 2 1
1h 4 1 1

Table V shows the scores of the perspiration fastness tests of some
conventional cationics, in comparison with some pyrimidinium ones in con-
centrations 4% o.w.f. for the dyes red, blue and orange. '

It is visible than in the same concentration 4% o.w.f. some of the
pyrimidinium cationics have shown better scores, compared with the con-
ventional ones. ‘



PYRIMIDINIUM CATIONIC SURFACTANTS IN THE DYEING OF COTTON 177

TABLE V : The scores of perspiration fastness tests of some conventional
cationics in comparison with some pyrimidinium ones (in con-
centrations 4% of the agent) for the dyes red, blue and orange.

Dyes  Levogen FUWN (a) Levogen FWN (b) Levogen RS (c) Pyrimidinium Cationics
pH pH pH pH
5,5 8 5,5 8 5,5 8 5,5
S S S S S S S S
Red ) .
(a.boc) 45 45 4 4 3-4  3-4  (1h)5 5
Blue
(a,c) 4-5 4-5 - - 5 5 (1g-1h)5 5
Orange ~ :
(ash,c) 4-5 4-5 4-5 4 4-5 4-5 (1d-1h)5 5

(a) : Our trials, Solophenyl Rouge 3BL, Solophenyl brill Blue BL, Solo-
phonely Orange TCL.

(b) : Schetter! Benzoscharlach 4BS, Siriuslichtorange 3GLD.

(c¢) : Rippon7 C.I. Direct Red 84, C.I. Direct Blue 78, C.I. Direct Oran-
ge 34.

MEPIAHYH
MYPIMIAINIKA KATIONIKA TASENEPTA Q5 ZTEPEQTIKA 3E BAMBAKEPA,BAMMENA ME
ANEYGEIAZ XPQOMATA

Skomd¢ autA¢ tng epyaciac eival va pehetnBel n BeAtiwon mou mpo-
kaholUv évteka katiovikd taocevepyd 1(3)-aAkulo-4-auLvo-5-¢aLvuro-nupLdLvo
BpuuldLa otn otepéwon Twy Xpwudtwv oc BauBakepd ugdopata. Ta updopata
Bdgtnkav pe 5 dLagopetikd anreuBelag XpOHATA Kal WETAKATEPYAOTNKAV HE TA
nLé ndve tacevepyd. H (BLa petakatepyaoia €yLve KaL HE €va OUPPBATLKO Ka-
TLovikd taoevepyd, to Levogen FUN mou XpnoLpomoLelTal AdN WG OTEPEWTLKO
oto eundpro.

To anotéheoua (A o Babudc) tng oteptwonc tou XpduAtog MeTPNdnke
pe dokLpéc avtoxdc oe uypé¢ Katepyaolec. MepuLkd amd ta mupLuLdLvikd Ka-
TLoVLKd Taoevepyd, mou efetdotnkav rapoucLdlouv evdLapépov, viatl BEATLO-
vouv TNV avtoxf oTLC Uypéc kaTepvacieg twv BauBakepdv Bauuévuwy pe kdmoia
"Jiokoha" xpduata, OTMWC elvaL To KOKKLVO, TO MTMAE, TO TOPTOKGAAL. H ote-
péwon Tou XpOuato¢ Atav yia autd ta tacevepyd oXedOv TEAELA, akOUN  Kal
0E uLKPEC ouykevtptoeLc toug (1%, 2%).
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SUMMARY

New Complexes of Zn(ll), Pb(ll) and Ni(ll) with the o-, m-, p-hydroxydithioben-
zoato and 2,4-dihydroxydithiobenzoato ligands have been prepared and charac-
terized. The bonding properties and stereochemistries of these compounds are
discussed in relation to their spectroscopic data (i.r. and UV-Vis). Moreover, the
ability of the MS4 chromophores to form adducts with pyridine has been also in-

vestigated.

Key Words: Dithiobenzoato complexes. EHMO-SCCC calculations. Pyridine
adducts.

INTRODUCTION

It is well known that dithiocarboxylates, RCSS~ (R = alkyl or aryl) behave as li-
gands in a similar way to that of other g~em-disulfide ligands, such as dithiocarba-
mates, xanthates and dithiophosphates which have been studied extensively so
farl. However, their coordination compounds with bivalent and trivalent transition
metal ions exhibited, in many cases, peculiar geometric, electronic and reactivity
properties non-innocent to those of the other members‘ in the series of the coor-
dination compounds of the gem-disulfide ligands. Even, for dithiocarboxylates
with different organic groups a wide range of physical2-4 , spectral®:& and chemi-
cal properties7'9 has been observed. Therefore, any investication of new coordi-
nation compounds of the dithiocarboxylato ligands involving a variety of organic
substituents would be of potential interest pro- viding means to understand their
peculiar chemistry. Along this line we report on, in the present paper, our results
concerning the synthesis and study of the spectral and bonding properlies of
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twelve new o-, m-, p-hydroxy and 2,4-dihydroxy-substituted dithiobenzoato
complexes of the bivalent metal ions, Zn(ll), Pb(ll) and Ni(ll) . The ability of these
complexes to form adducts with pyridine is also dis- cussed.

EXPERIMENTAL

Physical Measurements

Ir spectra were recorded in the 4000-250 cm-1 region on a Perkin-Elmer 467
spectrophotometer using KBr pelilets or Nujol mulls. Electronic spectra were ob-
tained on a Cary 17DX spectro- photomeier using methanol and pyridine solu-
tions. Conductivity measurements were carried out on a WTW conductivity meter
using 10-3 solutions in DMF. Molecular weights were determined in chlioroform
solution using a Perkin-Elmer Model 115 molecular weight apparatus. Magnetic
susceptibility measurements in solid state were done by the Faraday technique
using Hg[Co(SCN)4] as a calibrant. Melting points were determined with a Bichi
apparatus ahd are uncorrected. The elemental analysis of carbon, nitrogen and
hydrogen was performed on a Perkin-Eimer 240B Elemental Analyzer. Zinc, lead
and nickel were determined according to published methods10

Starting Material i

All solvents were of reagent grade and were used without further purification
in synthetic work. The sodium salts of o-hydroxy- dithiobenzoic acid, [o-
OH,dtbNa], m-hydroxydithiobenzoic acid, [m- OH,dtbNa}, and p-hydroxy-
dithiobenzoic acid, [p-OH,dtbNa], were prepared from the appropriate hydroxy-
substituted benzaldeydes and ammonium disulfide according to the method de-
scribed by Bost and coworkers!1, The 2,4-dihydroxydithiobenzoic acid, [2,4-
(OH)5,dtbH], was synthesized from resorcinol and carbon disulfide in sodium hy-

droxide aqueus solution12.

Preparationof the complexes
The bis(hydroxy-substituted dithiobenzoato) zinc(ll), lead(ll) and nickel(ll)

complexes were prepared according to the following synthetic root: To a solution
containing 1.0 mmol of the metal salt [([CH3C00)5Zn.2H50, (CH3CO0)5Pb.3H,0

or NiCl>.6H20] in 30ml of water and 5ml of glacial acetic acid, an alkaline aqueus
solution containing 2.0 mmol of the sodium salt of the apropriate dithioacid was

added slowly under continuous magnetic stirring. The solid products were filtered
~ff, washed several times with water and dried in vacuum over P»Og. Recrystalli-
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sation was carried out by dissolving the solids in acetone, filtering and reprecipi-

tating with water. The yield in this procedure were about 95%.

TABLE I: Analytical Data%, Melting Points(®C)? and Molecular Weights for the

New Complexes.

Compound M.P. %C %H %MC M.W.

Zn(o-OH,dtb), 113-115 4211 2.43 16.25 418
(41.64) (2.50) (16.19) (403.9)

Zn(m-OH, dtb), 118-120 41.78  2.48 16.38 423
(41.64) (2.50) (16.19) (403.9)

Zn(p-OH,dtb) 197-199d  41.83 2.57  16.45 417
(41.64) (2.50) (16.19) (403.9)

Zn(2,4-(OH)5,dtb)s 135-138 39.22  2:28 15.52 453

(38.59) (2.31)  (15.00) (453.9)

Pb(0-OH,dtb)2. 199d 31.13 1.78  37.46 560
(30.81) (1.85) (37.97) (545.7)

Pb(m-OH,dtb)s 187-189d  30.37 1.93 37.53 556
. (30.81) (1.85) (37.97) (545.7)

Pb(p-OH,dtb), 231-233d  31.06 1.87  37.38 543
(30.81) (1.85) (37.97) (545.7)

Pb(2,4-(OH)5,d1b)s >300 2024 1.78  36.43 589
(290.11) (1.74) (35.87) (577.7)

Ni(o-OH,dtb), 205d 41.98  2.42 14.80 380
(42.33) (2.54) (14.78) (397.2)

Ni(m-OH,dtb)o 236-238 41.86 2.58 14.85 378
’ (42.33) (2.54) (14.78) (397.2)

Ni(p-OH,dtb)o 245-248d 42.38 2.64  14.67 392
(42.33) (2.54) (14.78) (397.2)

Ni(2,4-(OH)2,dtb)y 228-230 39.30  2.35 13.92 440
(39.18) (2.35) (13.68) (429.2)

2 Figures in parentheses are the calculated values. by - decomposition.

Zn, Pb or Ni.

CM=
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RESULTS AND DISCUSSION

The hydroxy-substituted dithiobenzoato ligands readily form diamagnetic,
non-electrolyte compounds with the bivalent metal ions Zn(ll), Pb(lly and Ni(ll) cor-
responding to the general formula M”L2. All new compounds can be prepared in
almost quantitative yield by the reaction of the corresponding simple metal salts
with the sodium salts of the appropriate dithio acids at room temperature. An al-
ternative synthetic root for the Ni(ll) complexes based on the metathetical reac-
tion:

NiCla + ZnL, — NiLo + ZnClp

in alcoholic medium can be also used.

The twelve new compounds under investication are listed in TABLE | along
with some of their phys:cal properhes (meltlng points, elemental analyS|s and
molecular welghts) All compounds were isolated as microcrystalline solids, or-
ange in colour for the Zn(ll) and Pb(ll) complexes and blue-violet for the Ni(il)
complexes, insoluble in water, but soluble in strong alkaline aqueus solutions
and in most of the common organic solvents. They are stable in the atmosphere
either in the solid state or in solution. Molecular weight determinations in chloro-
form solutions showed the monomeric nature of all complexes and therefore the
formula M”L2 represents correctly not 'only the stoichiometric composition, but
also the true molecular complexicity of the compouns in solutions of non-coordi-
nated solvents.

To have an insight on the bonding mode of the hydroxysu'bstiituted dithioben-
zoato ligands and the stereochemistry of the new compounds, th'eir IR and elec-
tronic spectral data were analysed carefully. The results are discushed in the
following sections.

Infrared Spectra

The most relevant vibrational frequencies (cm'1) of the new compounds alohg
with their assignments are shown in TABLE II. All other absorption bands present
in the IR spectra of the complexes were easily identified to aryl group vibrations
by comparison with the spectra of substituted benzenes13 or phenols14. These
bands will not be discussed further, for they do not provide any significant infor-
‘mation about the coordination mode of the ligands.



DITHIOBENZOATO COMPLEXES 183

TABLE Il: The most Relevant IR Frequencies (cm“) of the . Investigated
Compounds and their Assigments (KBr giscs)a.

Compound v(OH) v(Szc;-_-Ar)'b v(C--0) vés(CSS) vg(CSS) v(Mo=S)¢
Zn(o-OH,dtb)o * 3350m,br 1302s 1252 985w 930w 302w
Zn(m-OH,dtb)’z- . 3400m,br 1290vs 1228s 1030vs 980s 328w
Zn(p.-OH,dlb)z 3440m,br 1279s: 1238vs 994vs 916s 330m
Zn(2,4-(OH)5,dtb)s "3380m,br 1248s 1221s - 984s 930m 332w
Pb(o-OH,dtb)o - 3350w,br 1278s 1234s 959s 914s 313w
Pb(m-OH,dtb), "« 3380m,br -1274vs 1220m ~980vs 958s 323w
Pb(p-OH,dtb)s: 3400m,br 1270vs 1231vs 986vs 915s 350w
Pb(2,4-(OH)»,dtb), 3380m,br 1250vs 1220vs 987m 967vs 310w
Ni(0o-OH,dtb), 3360m,br 1291vs 1215vs 974s 953s 372w
Ni(m-OH,dtb)s" " ‘3380m,br 1295vs 1232s  1022m 974vs 370s
Ni(p-OH,dtb)s * - B3400m;br 1298vs'l 1235vs 980s = 950s 383m

Ni(2,4-(OH)o,dtb)p 3370m,br 1250vs.. 1225vs 981vs 935m ~ 380w

4 vs = very strong, s = strong, m = medium, w = weak, br=broad. b Ar= aryl. € M
=.Zn, Pb or Ni.

(The: brdéd absorption band occuring in the 3350-3410 crvn'1 region of the
spectra was assigned to the v(OH) stetchiﬁg vibration‘of the hydroxyl sub—
smuents This band is shifted towards lower frequencues relative to the corre-
spondlng band of the free phenols14 as aconsequence of the electron withdraw-
ing capacity of the CSS- moiety of the ligands. Moreover, the v(OH) band of the
M(b-OH,dtb)g and M(2,4-(OH)o,dtb)o compliexes was tdund at lower frequencies
than the corresponding bands of all 6ther complexes under investigation, sug-
gest'ing the existence of intramolecular hydrogen bonds in these complexes.

The positions of the bands due to V(SgC__Ar) (1250-1300cm™1) and v(C--0)
(1220- 1250cm'1)stretch|ng vibrations15- -18 strongly call for an extensive m-elec-
"tron density delocalization qver the entire nuclear framework of the molecules.
Such an electron density delocalization results in a partial doublebbond character
for both C:=Ar and C--=O bonds. Iﬁ fact, the C--Ar partial bond cﬁaracter has
been verified by an X-ray structure determination of the Nl(dtb)a complex2

Of special importance in determlmng the bondlng mode of the hgands are the
bands due to the v35(CSS) and vg(CSS) stetching vnbratlo_ns of the coordinated
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CSS moiety. According to awell esta- blished criterion1® based on the magni-
tude of D =[v,5(CSS)- vg(CSS)] (D = 200-500cm-1 for unidentate and 30-80 cm-1
for bidentate dithio-ligandszo)_ there is no doubt that all ligands in the new com-
plexes act in a bidentate fashion (D = 20-50 cm"). Thus, for the Zn(ll) and Pb(il)
central atoms with d10-electronic configuration one would expect tetrahedral ge-
ometries for the MS4 chromophores, whereas for Ni(ll) with d8-etectronic configu-
ration square planar ones. Actually these geometries have been determined by X-
ray crystallography for both Zn(lly and Ni(ll) dithiobenzoato complexes2:21,
However, X-ray structure determinations on Pb(ll) complexes with sulfur contain-
ing chelate ligands22.23 showed that these complexes adopt the square pyrami-
dal structure instead of the tetrahedral one. Therefore, there is no reason to ex-
clude the square pyramidal structure of the new Pb(ll) dithio-complexes as well.

Electronic Spectra «

The electronic spectral bands for the ZnS4 and PbS,4 chromophores listed in
Table Il repeat rather regularly the spectral pattern characterizing the free
dithiobenzoato Iigandss. The band at c.a. 40 kK was attributed to the intraligand
benzenoid transitions, whereas that at c.a. 34 kK may be due to an
“intramolecular charge transfer” between the aryl and the CSS group, according
to the model proposed by Nagakura24.25  Anternatively, such a transition in-
volves molecular orbitals localized on the phenyl and CSS moieties respectively.
The 'band around 20 kK, which appears as a shoulder of low intensity was at-
tributed to an L{*) « L{m) transition located on the thiocarbonyl group. Finally,
the remaining band near 28 kK not observed in the spectra of the free ligands
could be undoubtely assigned to an L(rt*) « M(d) charge transfer band.

The electronic transitions of the NiS4 chromophores studied along with
theirassignments are listed in Tabile IV. Due to the complicated nature of the
spectra - a number of overlapping intense bands in the ultraviolet and visible
region - all assignments were made on the basis of a series of EHMO-SCCC
molecular orbital calculations on the Ni(l) complexes26. According to these
calculations the bands existing in the region 31-43 kK of the spectra are
attributed to intraligand transitions of the L(n*) « L(n) type. These bands are
similar to those todnd in the spectra-of the Zn(ll) and Pb(ll) chromophores. The
rest part of the spectrais characterized by the exiétense of two band envelopes.
The first one occuring in the region of 26-30 kK is composed from a strong band
accompanied by a shoulder of lower intensity. This band envelope includes all
charge transfer transitions of the L(n*) « M(d) nature and is similar to that
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recorded in the spectra of the corresponding d10 chromophores as well of
analogous d8 MS4 chromophoresS.6 . The second band envelope consisting of a

strong band at c.a. 19.0 kK and one or two shoulders of lower intensity exist in
the spectra of all square planar d8 MS4 chromophoresS:6, but is absent from the
spectraof the d10 MS, chromophores. Obviously this band envelope includes all
charge transfer bands of the M(d)«L(m) nature in accordance with the resuits of

the EHMO-SCCC calculations26. Finally, the position and low intensity of the
band at c.a. 13 kK is consistent with its assignment to a 1B 4 « 1Ag ligand field

excitation in a ligand field of Do, symmetry.

TABLE lll: Electronic Spectral Data of the New Zn(il) and Pb{(ll) Complexes in
MeOH4

Compound LM)el(m) L' )el(m) L )eM(d) L )en(S)
Zn(o-OH,dtb)s 40.1sh(4.15) 35.1 (4.15) 28.8 (3.90) 19.8 (3.00)
Zn(m-OH,dtb)s 41.3 (4.26) 32.8 (4.43) 29.2 (4.30) 23.3s5h(3.90)

Zn(p-OH,dtb)s 42.2 (4.54) 34.3sh(4.24) 28.0 (4.84) 22.7sh(3.09)

21.3sh(2.90)
Zn(2,4-(OH)p.dtb), 42.9 (4.38) 32.6 (4.19) 28.4 (4.28) 21.3sh(2.49)

26.3sh(4.17)

Pb(o-OH,dtb)s 40.8sh(4.22) 34.7 (4.28) 27.5 (4.19) 20.0sh(2.60)
Pb(m-OH,dtb)s 40.5 (4.31) 32.8 (4.26) 27.8 (4.04) 19.7sh(2.71)
Pb(p-OH,dtb)s 43.0 (4.49) 34.1sh(4.13) 27.9 (4.52) 21.5sh(3.24)

. ( 19.6sh(2.87)
Pb(2,4-(OH)p,dtb), 42.8 (4.28) 32.5 (4.23) 28.3 (4.54) 19.0sh(2.46)

29.4sh(4.44) 26.3sh(4.17)

‘@ v/kK(logeme), sh = shoulder

All other expected ligand field transitions for a quadratic MS4 chromophore

could not be observed in the spectra, for they are obscured by the more intense
CT and intraligand bands. However, for the Ni(m-OH,dtb), and Ni(p-OH,dtb),
complexes the observed shoulders at 15.4 and 16.3 kK respectively, can be at-
tributed to the second ligand field transition of the 1B1g « 1Ag type. These elec-
tronic transitions pre- dicted also by the EHMO-SCCC calculations26 correspond
to absorption bands of unexpectedly high intensity for ligand field transitions.
However, this is not surprising considerig the position of these bands very close
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to that of the more intence CT bands and therefore an "intensity borrowing mech-

anism” provides means for their enhanced intensity.

TABLE IV: Electronic Spectral Data of the New Ni(ll) Complexes?.

Ni(o-OH,dtb)s Ni(o—OH,dtb)2 Ni(o-OH,dtb)o Ni(2,4(OH)5,dtb)> Assignments

MeOH solutions . . . '
13.1 (1.99)  13.1 (2.72) 13.7 (1.91) 12.9sh(2.08) 1B4g1Aq(D2p)

15.4sh(3.04) 16.3sh(3.38) 1B3g1A4(D2p)
18.0sh(4.07) 16.9sh(3.79) 17.5sh(3.82)
19.2 (4.09)  18.4 (3.79) 19.1 (3.96) 19.1 (4.32) - M(d)eL(m)
22.6 (3.76)  21.4sh(3.64) 23.5sh(3,73) 20.2sh(4.27)
27.2 (4.23)  26.8sh(4.29) 27.6 (4.55) 26.2 (4.46) L(r)eM(d)
30.6 (4.45) 29.9 (4.46) 30.0sh(4.15) 29.9sh(4.34)
34.8sh(3.97) 34.0 (4.27) 35.2 (3.86) 37.0 (4.20) L( )L (m)

42.9sh(3.96) 41.7 (4.20) 38.8 (3.83) 40.8sh(4.18)

Pyridine solutions

8.9sh(0.78)  9.3sh(1.18) 9.1sh(1.22) 9.2sh(0.48) SEge3B1g(D4gh)
10.5sh(1.09) 10.7 (1.46) 10.4 (1.53) 11.7sh(1.03) 3Bpg«3B1g(Dan)

% v/kK(logeme)). sh = shoulder

The spectra of a'lnl new complexes were also recorded in pyridine solutions.

Only for the Ni(ll) complexes significant differences have been observed, sug-
gesting a change of the nature of the NiS4 chromophore in the pyridine donor

solvent. Such achange could be attributed to adduct formation between the NiS4
chromophore and the pyridine donor molecules. A carefull analysis of the ligand
field part of the electronic spectra strongly catl for the formation of 1:2 adducts
assumed to contain trans-[NiS4N5] chromophores, since they are fitted well to
the spectra of pseudo-octahedral high-spin Ni(ll) comlexes2’. The spectral data

for the adducts along with their assignments based on pseudo-octahedral
[NiS4No] chromophores of D4y, symmetry28 are also listed in Table IV.

[
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SUMMARY

Sixteen new complexes of Ni(II), Co(II), Zn(II) and Cd(II) with N,N~-
dimethyldimethylene-, N,N-diethyldimethylene-, N,N-dimethyltrimethylene-
and N,N-diethyltrimethylene-dithiocarbamato Tigands have been prepared.
Elemental analyses, IR, UV-Vis spectra and magnetic measurements were
used to characterize the complexes. Based on these information plausible
structures are proposed, Calculations by the MNDO method have been per-
formed on a representative Tigand in an attempt to understand the bond-
ing capacity of all four molecules.

Key words : Dialkyldimethylene dithiocarbamic acid, dialkyltrimethylene
dithiocarbamic acid, metal dithiocarbamato complexes, synthesis,study,
MNDO method calculation,

INTRODUCTION

Due to a well known fungicide activity various dithiocarbamate 1i-
gands and their complexes with transition metals and main group elements
have received considerable attention over the last few years |1-4|. As
our interest on this group of molecules continues, we report here the
preparation and characterization by physical methods of a new series of
sixteen complexes of Ni(II), Co(II), Zn(II) and Cd(II) with N,N-dialkyl-
(di~- and tri—)methy]ené—dithiocarbamato anions. The general formula of
the ligand is RZN(CHZ)nNHC§2’ where R=CH3, C2H5 and n=2,3. The following
abbreviaticens will be used for the four ligands:

(CH3)2N(CH2)2NHCS2 = Me,ddtc

2
(C2H5)2N(CH2)2NHC52= Etzddtc
(CH3)2N(CH2)3NHCS2 = Meztdtc
(C2H5)2N(CH2)3NHCSZ= Etztdtc
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A1l these compounds have similar ligation behaviour. To study their
mode of coordination, the Tigand Meztdtc, has been examined by the MNDO
method.

EXPERIMENTAL

Physical Measurements

The H, C and N analyses were performed on a Perkin-Elmer . 240 Elemen-
tal Analyzer. The metal determinations were carried out volumetrically by
published methods |5|. Infrared spectra were recorded as KBr discs or
Nujol mulls on a Perkin-Elmer 467 spectrometer in the region 4000 - 250

1. UV-Visible spectra were obtained by a Carry 17 DX and a Perkin-El1-

cm
mer-Hitachi 200 spectrophotometer. Magnetic susceptibilities measure-
metns at room temperature (ZSOC) used the Faraday technique with
Hg|Co(SCN)4I as calibrator. Diamagnetic corrections were using Pascal”’s

constants.

Theoretical calculation

The reported computation has been performed by using the MNDOC |6]
system of programs implemented on an IBM 4381 computer, The parameters
used for sulfur are those presented by Dewar and McKee |7

. An  improved
set was recently proposed by Dewar and Reynolds |8|, but thié is parti-
cularly important in case of compounds with SS bonds or molecules with
the S atom in higher valence states, where d functions are, probably,ne-
cessary in the basis set and will not be adopted here.

Preparation of the Complexes
First the free acids R,NH(CH,) NHCS,
pared by reaction of stoichiometric amounts of C52 and the appropriate

(R=Me, Et and n=2,3) were pre-

amine, both dissolved in ether, at room temperature |9]|. Then sodium
salts of the anions RZN(CHZ)nNHC§2 were prepared, as usually, by reac-
tion of the free acids with sodium hydroxide in ethanol/water solution.
Finally the complexes were obtained from this solution by addition of
hydrated metal chlorides in stoichiometric quantities, after stirring for
a period of 2 hours. The precipitates were washed with water, ethanol and
ether and dried.

RESULTS AND DISCUSSION

Complete elemental analyses and physical characteristics of the new



TABLE I. Analytical Data found (calc) % and some physical properties of the complexes

P,

Compound C H N S M Colour
Ni |[Me,ddtc 30,96(31.17) 5.67(5.71) 14.38(14,55) 32,92(33.25) 15.50(15,32) 115d green

2 2 :
N1‘|Et2ddtc]2 38.54(38.09) 6.72(6.80) 12.24(12.70) 29.38(29.02) 13.41(13.38) 148d green
N1‘|Me2tdtc|'2 34.86(34.87) 6.43(6.30) 13.44(13.56) 30.74(30.92) 14.68(14,29) 156d green
N1'|Et2tdtc|2 40.70(40.92)  7.40(7.25) 12.20(11.94) 27.13(27.29) 12.33(12.52) 90d green
Co|Me2ddtc{2 31,42(31.17)  5.63(5.71)  14.39(14.55) 33.41(33.25) 15,18(15,32) 69d green
Co|Et2ddtc|2 38.18(38.10)  6.89(6.80) 13.04(12.70) 27.41(29.02) 13.67(13,38) 65d dark green
Co|Me2tdtc|2 34.51(34.87) 6.19(6.30) 13,78(13.56) 30.12(30.99) 14.59(14.29) 78d dark green
Co|Et2tdtc]2 40,58(40.94) 7.22(7.,25) 11.,52(11.94) 25.30(27.29) 12,65(12,58) 70d dark green
Zn|Me2ddtci 25.86(25.28) 4,98(4.82) -12.38(12.26) 27.93(29.02) 28.27(28.52) 58d white
In |Et,ddtc 33.25(32.76) 6.06(5.86) 11.36(10.92) 24.65(24.96) 25,31(25.50) 90d white

2
Zn |Me,tdtc 29.88(29.71) 5.28(5.36) - 11.67(11.55) 26.27(26.41) 26.83(26.27) 65d white

2
Zn|Et2tdtc] 35.42(35.51) 6.18(6.29) 10.28(10.36) 23.46(23.57) 23,98(24.19) 72d white
Cd|Me2ddtc2|? 26.98(27.37) 4.98(5.02) 12.38(12.77) 29.51(29.20) 25.32(25.64) 120 white-yellow
Cd{Etdetc|2 33.79(33.98) 6.03(6.07) 11.24(11.33) 25,67(25.90) 22.58(22.73) 98 white-yellow
Cd;Meztdtc|2 30.68(30.97) 5.38(5.57) 11.38(12.01) 27.75(27.44)  23.98(24.10) 126 white
Cd{Etthtcl2 36.41(36.75) 6,43(6.51) 10.63(10.72) 23,95(24,50) 21.45(21.52) 90 white-yellow

SAXITAW0D OLYWYSIVIOTHITQ-INI TAHLIW{ UL UNY. IQ) TANTIVIQ-NCN

L6L
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comp fexes are given in TABLE I. The Ni(Il} complexes are green,diamagne-
tic solids, stable in the air and soluble in common organic solvents 1i-
ke chloroform, dichloromethane and ethanol. The Co(II) complexes are dark
green paramagnetic substances, soluble in chloroform. The Zn(II) and
Cd(II)} are yellowish-and white respectively diamagnetic amorphous inso-
TubTe solids. It should be noted that all attempts. to prepare complexes
of Zn(I1) in a different than‘1:1 stoichiometric analogy have failed.

In order to have a preliminary idea concern{ng the structure of the
new complexes, it seems interesting to estimate, by means of theoretical
calculations, the bonding capacities in each donor atom of the free 1i-
gand anions. Thus, we tried to determine the sites responsible for the
Tigand bonding effects in terms of the atomic charges derived from the
MNDO density matrix by means of Mulliken”s population analysis, and the
atomic constitution in the frontier molecular orbitals (FMOs) of the
Tigands.

The reported MO calculations have been performed by using the SCF-
LCAO-MO method in the framework of the MNDO approximation |10
tempts have also been made to derive the pertinent parameters by means

. Some at-

of other semi-empirical methods, but these were not so successful, so we
shall here report on the aforementioned results only. The initial geo-
metries, taken from crystallografic data for the free acid |4]|,have been
optimized for the corresponding anion by means. of the Davidon-Fletcher-
Powell algorithm included in the program. The final geometries are pre-
sented in TABLE II, along with some bond Tengths of the freeacid, which
have been modified during the optimization procedure. The difference in
Tength, between the two bonds S{1)-C(2)=1.618 R and €(2)-5(3)=1.605 R
implies that they are not equivalent, with, as a result, the splitting
of the IR C-S band in two components. The C(2)-N{(4) distance, 1.395 R,
makes evident the double-bond character of this bond. One should also no-
tice the reduction in the Tength of bonds due to the negative charge of
the molecu1e; Finally mention has to be made that. the geometrical data
derived from this optimization show the general trends of the MNDO me-
thod with the characteristic underestimation of bond lengths also noted
elsewhere |11},

The Figure 1 gives the atomic numbering scheme and the net atomic
charges. It is also evident from this Figure that the sites of nucleophi-
Tic attack are the two sulfur atoms with their slightly inequivalent net
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TABLE II. Optimized bond lengths (in A) and angles (in degrees) of the
1igand Meztdtc (in brackets are quoted some bond Tengths of
the free “acid).

S(1)-C(2) 1.618 |1.727] S(1)-C(2)-5(3) 125.9
C(2)-5(3) 1.605 |1.699] S(3)-C(2)-N(4) 121.2
C(2)-N(4) 1.395 C(2)-N(4)-C(5) 127.5
N(4)-C(5) 1.464 N(4)-C(5)-C(6) 107.5
C(5)-C(6) 1,521 C(5)-C(6)-C(7) 116.5
c(6)-c(7) 1,508 C(6)-C(7)-N(8) 115.8
C(7)-N(8) 1.574 C(7)-N(8)-C(9) 120.9
N(8)-C(9} 1.480 |1.483] C(7)-N(8)-Cc(10) 120.9
c(9)-C(10) 1.480 |1.503] C(2)-N(4)-H(11) 116.3

atomic charges.

FIG, 1 : A?omic numbering scheme and MNDO atomic charges of the Megtdtc
ligand.

The energies and atomic constitution of the frontier MOs are presen-
ted in TABLE III. We noticethat the two sulfur atoms participate heavily
in the HOMO eigenvector and its two neighbours in the occupied space,whe-
reas the unoccupied NNLUMO (3rd in ascending order) extends over the who-§
le dithiocarbamate region of the anion.

Keeping these computational results in mind, we tried to establish
the bonding of the new complexes by spectroscopic methods and magnetic
susceptibility measurements,

The infrared spectra of the 1ligands and the new complexes (TABLE IV)
.show medium broad bands in the region 3160-3200 cm-1 assigned to the
v(N-H) stretching vibration |12|. The strong bands appearing in the re-
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TABLE III. Eigenvalues (in a.u.) and atomic constitution (%) in the ei-
genvectors of the frontier MOs of the ligand Meztdtc.

MO-type Eigenvalue . Eigenvector constitution (%)
Sg1) C(2) S(3) N(3) MeoNH(CH2)3

NNLUMO 5.3329 12.40 65.17 13.04 7.96 1.43
NLUMO 5.1227 0.00 0.00 0.00 1.33 98.67
LUMO 3.7418 0.00 0.00 0.00 0.00 100.00
HOMO -4,0569 52.89 0.00 46.40 0.00 0.71
NHOMO -4,1062 - 53,72 0.00 46.21 0.00 0.07
NNHOMO -4.,6744 43.25 0.00 48.38 4.92 3.45

gion 1505-1520 em™ ! are due to the stretching of the C-N bond [13-15|.1In
the case of the Ni(II) complexes this band is shifted to higher frequen-
cies - (1575-1590 cm-1) showing a considerable double bond character which
suggests a bidentate linkage of the dithiocarbamato group. This evidence
is further °supported by the stretching vibration of the C-S bond  (965-
1020 cm™ V). Generally, the stretching vibrations of the C-N and C-Sbonds
are little affected by the nature of the central atom in the complexes.
An excgption occurs, however, in the case of the Ni(II) compounds due,
presumably, to their square planar stereochemistry [14]. Notice that the
IR spectra of the Tigands and their complexes remain unperturbed when we
change the R group or the number of methylene groups. Finally, the metal-
ligand bonding modes of the complexes appear in the usual range (300-400
enh) [16]. ‘

The electronic spectra of the sodium salts of the anions in aqueous
solutiors exhibit a first intense UV band at ca.40kK (1ogemax=4.5) and
35kK (1ogsmax=4.1) and a second very weak forbidden band at ca. 30kK
(1og€max=2;0) (TABLE V). Solid state spectra exhibit also similar UV
bands. These have been attributed to intraligand excitations. For the
Ni(II) éomp1exes in chloroform solution an additional band appearing at
ca. 26kK has been assigned to a charge transfer transition [17-21]. An
intense band at ca. 23kK has been assigned to an allowed L»M charge tran-
sfer transition. Another weak band starts at ca. 16kK with a dy2.y2-dyy
electronic transition |19]| and finishes at ca. 20kK with a shoulder due
to a dy2+dxy transition. The remaining parity and spin-forbidden d+d
transitions stay practically unobserved. The absence of any band in the
range 10-15kK is a strong evidence against the existence of an octahedral
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TABLE IV. Infrared Bands of the Ligands and their Compliexes {in cm-1)

Compound Vibrational assignments
v(N-H) v(C-N} v(C-ST v(CSS) v(M-57.
Mezddtc 3160 s 1510 vs 1025 s 865 m
925 vs
Ni [Me, ddtc | 3150 1575 1030 880 390
2 2
930
Co IMe,ddtc | 3200 1506 1054 870
2 2
956
anMedetc] 3240 br 1490 vs 1025 m 920 m 355 m
978 vs
Cd,Mezddtcl2 3220 s 1510 vs 1030 850 s 388 w
Etzddtc 3180 s 1510 vs 1010 s 877 m
955 vs
N1|Et2ddtc[2 31770 m 1590 s 1018 m 900 w 388 w
965 vs
ColEtdetc|2 3200 s 1508 vs - 1062 s 870 w 350 vs
968 s
Zn]Etzddtcl 3240 br 1490 vs br 1008 m 898 m 355 s
965 vs
Cd|Et,ddtc], 3200 m br 1510 vs br 965 vs br
Meztdtc 3180 s 1510 vs 1012 m 878 m
958 vs
Ni[Meztdtcl2 3160 m 1580 vs 1021 w 870 w 388 s
955 m
Co|Me, tdtc|, 3200 br 1505 vs 1035 m 870 m 350 s
955 m
ZnIMethtcl 3240 br 1510 br 1025 m 878 s 365 s
952 '
‘CdIMethtcl2 3210 m br 1510 vs br 1040 m 840 m 365 w
955 vs br
'Etztdtc 3200 s 1510 vs 1035 m 880 m
. 910 vs
Ni|Et, tdtc]| .~ 3160 m- 1580 vs 1022 m 870 s 395 vs
2 2
960 s
Co|Et,tdtc| 3200 br 1505 vs 1065 m 870 w 350 s
2 2 :
945 w
Zn|Et2tdtc| 3240 br 1505 vs 1065 m 350
Cd[Etztdtcl2 3200 m 1510 'vs br 1035 w 855 m 370 w
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TABLE V. Electronic spectra of the Ligands and their compiexes (in kK).

Compound Band 1 Band 2 Band 3 Band 4 Band 5 Band 6
Me,ddtc 40,32 29.85
35,33
Ni|Me,ddtc|, 38.76 30.77 25.77 23.15  20.62 sh 15.55
Co|Me,ddtc|, 40.82 31.09 27.50 25.11 . 20.20 . 15.46
37.45 :
Zn|Me,ddtc| 38,02 °  30.67
36.00
Cd|Me,ddtc|, 38,55 30.80 27.40
35,09
Et,ddtc 40.00 29.67
34.13
Ni|Et,ddtc|, 39.22 30.86 26.18 23.42 20.62 15.62
ColEtyddtc|, 40.82 31,25 27.55 25.00 20.20 15.50
37.45
Zn[Etdetc{ 40,00 30.76
35.09
Cd|Et,ddtc|, 38.46 30.85 27.03
34.48
Me, tdtc 40.32 29.67
35.33 -
Ni|Me,tdtc|, 39.22  30.49 26.11 23.53 20.75 15.62
Co[Me,tdtc|, 40.82 31.06 27.40 25.00 20.20 15.46
37.45
In|Me,tdtc| 40.00 30.96
34,48
Cd|Me,tdtc|, 39.20 30.85 27.03
34.48
Et,tdtc 40.00 29.85
35.33
Ni|Et,tdtc|, 40.82 30.77 26.11 23.53 20.62 15.50
ColEt,tdtc|, 40.82 30.96 27.55 25.32  20.20 15.43
37.45
In|Et,tdtc| 39.22 30.76
35.09 -
Cd|Et,tdtc], 38.46 30.95 27.40
34.60

or tetrahedral arrangement |18|. This conclusion is further supported by
the magnetic measurements. A1l the Ni(II) complexes reported are diamag-
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netic indicating a spin singlet ground state characteristic of a square

planar Ni(I1) structure. The band at ca. 16kK is then attributed to the
1

well knownA(1A1g+ B1g) transition of square planar complexes |22,23

Adopting the value F4=80cm_1 |24} (F2=10F4=800cm-1) for the Slater-
Condon interelectronic repulision parameters the experimental A value of
Ni(II) complexes is found at 18.6kK. This value is in agreement with the
position of these ligands in the spectrochemical series.

Identical absorption spectra for the Ni(II) complexes were obtained
in a number of solvents, such as pyridine and acetonitrile, which 1is an
expected feature in planar NiS4 chromophores and indicates that axial
solvent perturbations are of minor importance so that the symmetry re-
mains unchanged.

The absorption spectra of the Co(II) complexes present the same
bands. In the visible region of the specirum the values are quite simi-
lar to those for the Ni(II) planar complexes. This fact in unison with
the magnetic measurements (ueff=2.20-3.07 B.M. in quite the same rangeas
reported in [25‘) suggests that the Co(II) complexes are also of square
planar geometry.

As expected, quite similar electronic spectra are exhibited by the

complexes of the d10

metal ions. The position of the n-m* transition is
practically unchanged whereas the most significant changes occur in the
u]trav{o1et region,

One cannot say more for the Zn(II) and Cd(II) complexes. As previou-
sly noted, they are quite insoluble so only their spectra in the solid
state could be studied. One can clearly distinguish one charge transfer
band in the Cd(II) case, similar to the first CT band discussed earlier,
This band is absent in the Zn(II) case.

MEPIAHWH : 3GvBeon kat uehétn Twv petaMAikdv oupmidxwy Twv N,N-Srahkuho
(3L~ koL TPL-)ueBuhevo-dLBeLokaPBANLD LKAV '

- M, Kapayiavvidng, 2t. Manactegdvou, . Mavouodknc kai . Ka-
Jwuévoc,
Touéag FevikAc kat Avbpvavne Xnuelacg, ApLototéhero Mavemioth-
pLo Becoarovikng.

Shumhoka Twv petdAAwv Ni(II)), Co(II), Cd(II) kat Zn(II) pe ta N,N-
dLarkurarBulevo- kaL N,N-BLaAkuhotoLucBulevo-BLBeLokapBapLdLkd nopackeud-
ZovtaL katd tnv avtidpaon oc udatooAkooALkd dLoAduata twv xAwpLolxwv oAd-
Twv twv peTdAAwv pe Ta avtiotoixa diBerokapBapidikd dAata tou vatplou.

H tautomoinon twv evioswv kaL n doufl toug £yLve amd TN OTOLXELOUETPL-
K Toug avdhuon kai ta Bedouéva TNC PAGUATOOKOTMLKAC TOUC WMEAETNC KalL amd
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uétpnog ™me uayvntLth enidektikOTNTAC. Lo TtV €EAynon tou tpdmou ou-
vapuoyAc EviLve eniong kal BewpntLkh wehétn pe kBavtoxnuikolc umoloyLouolc

ue tn pEBodo MNDO.
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