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In order to obtain low - chrome and low - tempera- 
ture methods of dyeing wool and leather I : ] ,  and 
1:2 chromium complexes of tridentate schiff bases 
are synthesised. Structural investigations are car- 
ried out by spectral and magnetic determinations. 
Also, dye availability and dye - bath requirements 
are studied. 
1. INTRODUCTION 

Research has been carried out over a long period 
of time in an effort to solubilize the 1:2 chrome 
complexes by using other groups to replace the 
strongly acid sulphonic groups. Also, the aim has 
been to reduce the chromium salts in the effluent 
and on the wool and to develop low - temperature 
dyeing to avoid fibre damage. 

The widespread use of chrome complexes in dye- 
ing various textile fibres [Wellham 19861, suggests 
that the study of the formation and character of sc- 
lected relatively, kinetically inert complexes of 
chromium would be of interest to the synthetic dye 
chemist. In particular it would be interesting to 
study Cr (111) - tridentate complexes in which the 
nature of the ligand [Cotton and Wilkinson,l9721 
plays a distinguishing role within the structure. 
This paper describes the preparation and character- 
istics of Cr (111) complexes of the specific group of 
azomethines I-IV below [Dikmen and Tezcan.19811. 
2 EXPERIMENTAL 

1-The Schiff bases I-IV were condensed as de- 
scribed previously [Dikmen and Tezcan, 19811. 

2-Solutions of Schiff bases (0.01 mo1.g) I and 11 in 
15 ml. ethanol and of I11 and IV in 10 ml pyridine, 
when refluxed for 3 hrs. with an excess solution of 
CrC13 (saturated in water) on a water - bath, yield 
the corresponding Cr (111) complexes designeted I - 
Cr to IV - Cr respectively. Each complex was left 
overnight and filtered. The collected product was- 
washed with ethanol and dried in vacuo at 125 OC 

A,B= Phenyl; Schiff base 1 
A= Naphlhyl, B= PheW 
Schiff base I1 
A=  Phenyl, B= Napthyl; 
Schiff base 111 
A,B= Napthyl; Schiff base 1V 

L I 
Formuin I. 
Forntiil 1. 
for 6 hrs. 

3-The purity of the products was examined on 
TLC. To purify the I-Cr complex, it was drawn on a 
silica gel column and eluted with toluene / chloro- 
form (1:1), ethanol and pyridine succesively. The 
fractions were collected separately, concentrated and 
dried as well. 

4-1r spectra were recorded on a Perkin -Elmer 577 
instrument using KBr disc prepared samples. 

5-Mass spectra were taken on an MS - D 100 in- 
strument at 70 eV, and 240-280 OC. 

&Measurements of magnetic susceptibility were 
carried out using a Gouy Balance system based on a 
Newport Magnet Povers Supply Type D-104 instru- 
ment which had been calibrated with CuSOq. Also 
the Hartshorn bridge method was used at 90 cycles 
pcr second with the strength of the magnetic field 
in the measuring coil of 20 - 100 Oe. 
3. RESULTS 

1. Schiff base, I-Cr Complex: Three different com- 
pounds were identified in the same complex medi- 
um as labelled I - Cr (A), (B) and (C). I- Cr (A) is the 

Table 1. IR Specha Results 
Tablo I. IR Gektra Sonuglm 

I Comoounds 1 OH cm-' 1 Pvridine 

Derin Pik 

3450-2400 

Dccp 
Genij Pik 
3360-2600 1660-1590 

1.Cr (B) 

I.Cr (C) 

I 

Note: Only the specific bands are giwn which ham been used far 
structural investigationr. 
Not; Yap1 ayd~nlat~lmosinda yararlanllan spesifik bantlar veril- 
migtir. 
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Sharp Peaks 
Cenig Pik 
1270 
3550-3420 
3600-2450 
Small Pcaks 
C e n i ~  w 

1485, 
775 

1620 
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775 

545,419 

570-490 
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Yiin ve deri boyanmasrnda krom miktart az ve 
diigiik temperatiirde uygulanan metodlar geli~tir- 
mek i ~ i n ,  ii~-digli schiff bazlartntn I:] ve 1:2 krom 
kompleksleri 'sentez edilmiztir. Yaprsal ara,sttrmalar 
spektral oe manyetik ol~meler ile yaprlmrgtlr. Boya- 
ma uygunlugu ve boya banyosunun gerekleri de 
aragtrrdm~gt~r. 
1 Gk@ 

1:2 krom komplekslerinde ~oz i inur l i i~u  saglayan 
kuwetli siilfonik asit gmplar~mn yerine bagka g m p  
lar ge~irmek icin uzun zamandan beri aragt~rmalar 
devam etmektedir. Aynt gekilde elyafta tahribi 
Bnlemek iqin flottede ve yiin iizerinde krom mik- 
tanm azaltmak ve diigiik temperatiirdc boyamay~ 
saglamakta arnqlar aras~ndad~r .  

Cegitli tekstil elyahnm boyanmas~nda [Wellham, 
19861 krom komplekslerinin genig bir gekilde kul- 
lan~lmas~, boya sentezi ile ugragan kimyac~lar iqin 
krom komplekslerinin haz~rlanmas~ ve kinetik ola- 
rak oldukca inert ve ozgiin karakterlerinin incelcn- 
mesi ilgi qekici olmugtur. Ozellikle ligandtn 
skiiktiirde secimli etkisinin bulundugu iiq-di~li-Cr 
(111) komplekslerinin aragt~nlmas~ ilginctir. 

Bu yayn, ay@da I-N ile verilen azometin spesifik 
bir grubu bulunan [Dikrnen ve Tezcan 19811 Cr (111) 
komplekslerinin h a z ~ r l a n m a s ~  ve ozelliklerini 

i~ermektedir. 
Z DENEYSEL KISIM 

1- Schiff bazlar~ daha onccki ~ahgmalarda belirtil- 
digi gibi kondcnse edilmi~lerdir [Dikmen ve Tezcan, 
19811. 

2- Schiff bazlanntn 0.01 mol.g'hk tart~mlan, I ve I1 
15 ml etanol de, I11 ve N 10 ml piridin idnde ve geri 
sogutucu alttnda ve subanyosunda rs~t~larak coziil- 
miiglerdir (I-IV Cr ile gosterilen Cr (111) kompleks- 
lerini haztrlamak iizere s~cak cozeltilere Cr W i i n  su- 
daki d o y m u ~  cozeltisi damla damla ve kanghrarak 3 
saat iFindc ilave edilmigtir. Kang~m bir gece kendi ha- 
lindc bekletildikten sonra siiziilmug ve qokelti so@k 
etanol ile ykannugt~r. Once oda slcakh@nda soma 10 
mm/Hg basrnonda, 125 OC'de, 6 saat kurutulmugtur. 

3- ~r i in ler in  safl~@ ince tabaka krornatografisi ile 
kontrol edilmigtir. Saf olmayan I C r  kompleksi Silika 
gel ile doldumlmug bir kolona ahnmlg ve once to- 
luen/kloroform (1:l) ve sonra etanol ve nihayet piri- 
din ile elde edilmigtir. Hcr bir cozelti fraksiyonu ayn 
ayrl toplanmq kumluga kadar konsantre edilmigtir. 

4- Infrared spektra (IR), Perkin - Elmer IR - 577 
model aygrtda KBr palctlcri hamlanarak ahnm~gt~r. 

5- Mass spektra MS - D 100 aletinde 70 eV'da ve 
240 - 280 " C almmlghr. 

6- Manyetik suseptibilite Gouy Balance sistemi ile 
Newprot Magnet Powers Supply TYP D - 104 
a y g ~ t ~ n d a  ve CuS04 ile ayarlanarak ol~iilmiigtiir. 
Ayr~ca olcme Hartshorn Bridge metodu ile 90 sa- 
niye / cycle ve 29-100 Oe gij~lii alanda yapdm~gt~r. 
3. SONUCLAR 

1. Schiff baz, I-Cr Kompleksi: A y n ~  kompleks or- 
tammdan (A,B,C) ile gosterilen uc ayn kompleks 
bilegik geklinde ele geemistir. I-Cr (A) Kompleksi 
Dcmir (Ill) komplekslerinde oldugu gibi aynl 
yap~sal ozelliklcri gostcrmigtir [Tezcan 19901. 

I-Cr (B) Kompleksi, Mass spektmmda Cr. L yaplsr 
M+ 263, 262, 261 iyonlarl ve krom iyonuna ait kuv- 
vetli isotopik pikle tan~nmlgtlr. IR spektra ve mik- 
roanaliz s o n u ~ l a r ~  Tablo 1 ve 2'de verilmigtir. Elde 
edilcn sonu~lara gore ongorulen yap1 Formiil 2'de 
gostcrilmigtir. 

Tabk 2. Micro Analytical Results and Emprical Formule 

I Hesaplanan (%) /Calculated i%) I Bulunan (%) /Found (%) 

I Bilegikler / Compounds C I N l Q I 

Cr. C21 H13 0 2  N. OH 5526 3.68 13.68 13.37 
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same oxide prepared as that reported previously for 
similarly iron I11 complex. 

I - Cr (B) has a mass spectrum in which the Cr. L. 
structure appears with Mf263, 262,261 and with an 
intensive isotropic pattem belonging to the chro- 
mium (In) ion. From the IR spectra and micro anal- 
yses as given in Tables 1 and 2, the proposed struc- 
ture for the brown crystalline compound would be 
as shown below in Formula 2. 

For I- Cr (C), the results of the IR and micro ana- 
lyses are given in Tables 1 and 2. The mass spec- 
trum follows the same fragmentation pattem as in 
I-Cr (B) with, in addition, a weak intensity M+ 526, 
525 response. Magnetic determinations confirm 
that !Jeff= 1.24 BM which is low for Cr (111) systems. 
Table 3 contains the data relating to the tempera: 
ture dependence of magnetic susceptibility for a bi- 
nuclear complex of s= 3/2. 

Formiil 3. 
The magnetic determinations, the IR spectra and 

micro analvtical studies sueeest that a dimeric .- - . 
structure Gy be postulated f&-this dark red crystal- 
line complex having the structure as in Formula 3. 

2. Schiff base, JJ -Cr Complex. The mass spectrum 
indicates the Cr. L structure where the strong M 
+313, 312, 311 peaks belong to the chromium iso- 
tope. Also MC 526 - 625 is observed with very weak 
intensity. Magnetic determinations give Cleff= 1.06 
BM which is low for a Cr +3 system. 

The magnetic susceptibilities were also measured 
over the temperature range 98 - 300 "C and results 
are given in Table 4. The presence of pyridine has 
been recorded during TGA and elemantal analyses. 
In accordance with the elemental microanalyses 
and IR, mass, and magnetic determinations of the 
brown-red crystalline product, the structure would 
be given by the Formula 4. 

3. Schiff base III- Cr Complex: The microanalysis 
and IR data are given in Table 1 and two pyridine 
atoms have been detected (by TGA and elemental 
analyses). 

The value !Jeff= 1.16 BM is low for the G+3system. 
Reduced temperature magnetic susceptibility deter- 
minations are given in Tabie 5. In the mass spectra 
only M+ 315,313 ions are detected but at low intensity. 

With regard to magnetic determinations, IR and 
mass spectral studies the structure of the scarlet co- 
loured complex would be given as Formula 5. 

4. Schiff base, IVCr Complex: After preliminary an- 
alytical examinations, it was established that this 

Table 4.  The Temperature and Magnetic Susceptibility Rela- 
tions of the I1 - G Complex 
Tab10 4. II-G (0 Komplebinin Temperam-Magnetlk Suseptl- 
bilite Bagmbsma ait Data. 

L 
Formula 5. 
Formiil 5.  

compound has a dimeric structure. The appearen 
a large and diffuse band in it IR spectra in the re 
3660 - 2760 cm-1 favors this formulation (see Tat 
The magnetic susceptibility &ff= 0,% BM is nearly 
magnetic. On the basis of structural examinations, 
Table 2) this brown crystalline complex can be pre 
ed as the a dimeric structurr, in which the chron 
ion should be penta - coordinated Formula 6. 
4DISCUSSION 

So far, i t  has been suggested that the comple: 
reaction would occur with the given pathwaj 
Formula 7. 

In case of complexing with schiff base I, while th 
itial ligand is oxidized to a cyclic structure ILacey 
Shanon 1972; Charalambous, 19761 two other diffc 
compounds are formed in the same media sucesi 
namelv 1- Cr (B) and ICr (C). All the comolexes I-< 
and I&(c), 1i-~r ,  1i- & aid I V C r  6 formed 
the presented reaction pathway. 

As the theory predicts [Selwood,1967] the  ma^ 
ic moment of chromiumt3 complexes shoulc 
very close to the spin-only value of 3.88 BM. H 
ever, I-Cr (C), IICr and IIICr complexes possess 
ilar magnetic behaviours of 1.24, 1.08 and 1.16 
suspectively. 

To study spin-orbit or spin-spin interactions il 
nuclear complexes, the variation of the atomic 
ceptibility, XA, with temperature for the metal is 
termined as given by Figgis and Lewis (1964). Ir 
case of I-Cr(C), II-Cr and Ill - Cr complexes,the I 
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Form171 2.  
Formula 2. 

I-Cr (C) kompleksi, IR ve mikroanaliz sonuqlart 
Tablo 1 ve 2'de verilmigtir. 

Mass spekhum aynen I-Cr (BYdeki fragmentasyon 
gemastm izlemigtir. Ancak, M+ 526,525 iyonunun in- 
tensitesi zaylfhr. Magnetik olqiilerden peff= 124 BM 
bulunmq olup Cr (Ill) sistemi iqin diiflk bir deerdir. 

Tablo 3'de S= 3/2 binuclear kompleksini ifade 
eden temperatiir magnetik suseptibilite datas~ veril- 
migtir. Magnetik ol~iiler, IR ve mikro analiz 
sonu<lanna gore Fonniil 3, dimerik yap~da olan 
lamn kristalize bilegik iqin Bnerilmigtir. 

2. Schiff ban, 11-Cr Kompleksi: Mass spekhum Cr. L 
yaptstru M+ 313,312,311 kuwetli piklerini ve horn at- 
omuna ait isotopunu belirtmigtir. flave olarak diigiik 
intensite ile dimer yaplya ait 526, 624 pikleri de 
goriilmiigtiir. Magnetik Blqmelerden Cr (111) sistemi 
iqin diigiik bir d e e r  olan peff: 1.06 BM bulunmugtur. 
Magnetik suseptibilite 98-300 OC arah@nda ol@lmiig 
ve sonudar Tablo 4'de verilmigtir. 

Piridin varh@ TGA ve elementel analiz ile tespit 
edilmigtir. Elementel mikroanaliz, IR, mass spekha 
ve magnetik ol~melerden kml-kahve renkli krista- 
lize maddenin Forrniil 4'de verilen yaplya sahip 
oldugu, anlagtlmishr. 

A pi. I 
Fomlil 4. 
Formula 4. 

3. Schiff ban, IIICr Kompleksi: Mikroanaliz ve 
IR'e ait data Tablo 1 ve 2 de verilmigtir. tki piridin 
molekiilii TGA ve elementel analiz ile teghis edil- 
migtir. peff: 1.16 BM, Cr (111) sistemi i ~ i n  duguk bir 
degerdir. Azalan temperatiir - magnetik suseptibil- 
ite olpeleri  Tablo 5'de verilmigtir. Mass spektrada 
sadece M+ 315,313 ionlan bulunmugtur. 

Magnetik Glqneler, IR, ve mass spekha incele- 
melerinden dikkate altndt&nda klztl renkli kom- 
pleksin yaplst Fonniil 5'de verildiB gibi olmal~dtr. 

4. Schiff ban, IV - Cr kompleksi: Yap~lan ilk anali- 
tik iglemlerden sonra bu kompleksin dimer bir 
yaplya sahip oldugu bulunrnugtur. IR spektrada 
% 0  - 2750 cm-1 de goriilen genig ve y a y p  bant ve- 
rilen fomiilii d o w l a r  (Tablo 1 ve 2). Magnetik su- 
septibilite peff: 0,96 BM degeri diamagnetik ozellige 
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Tablo 3.  I-Cr (C) kornplcksinin tempentiir magnetik susepti- 
bilite baanhsma ait data. 
Table 3. The Tem~rature  and Mametic Susce~tibUtv h e n -  - , . 
dance of the I-Cr (~) 'Corn~lex.  

I T(K) I X ~ 1 0 6  I p eff (BM) 

J 

yaktndtr. Yap1 ile ilgili incelemelere dayanarak, 
kahve renkli kristalize kompleks dimerik bir yap1 
arzettig ve bu dummda da krom iyonunun koordi- 
nasyon saymnln 5 oldu& siiylenebilir (Fonniil 6). 
4. TARTISMA 

Elde edilen sonuqlara gore, komplekslegme reak- 
siyonu Fonniil 7 ile verilen pkilde olmaltd~r. 

Schiff baz~ 1 ile aym komplekslegme ortamndan 
baglangt~ ligandlntn oksitlenmesi ile siklik bir 
bilegik [Lacey ve Shannon, 1972, Charalambous, 
19761 ve iki ayn bilegik I-Cr (B) ve ICr  (C) elde edil- 
rnigtir. Tiim kompleksler ICr (B), I-Cr (C), IICr, III- 
Cr, IV - Cr bilegiklerinin yap~lan Fomiil 7 ile veri- 
len reaksiyona uygun olarak me dana gelmiglerdir. 

Teoriye gore, [Selwood, 19761 Cr (111) iyonunun 
magnetik momenti 3.88 BM'a yakm olmaltdtr. Bum 
ragmen ICr  (C), 11-Cr ve 111-Cr kompleksleri benzer 

i 

Formiil 6. 
Formula 6. 
Tablo 5. Ill-Cr Kompleksinin Magnetik Suseptibilite Tempe- 
raNr Baglnhsma Ait Data. 
Table 5. Temperetarue and Magnetic Susceptibility Relations 
for the 111-Cr Complex. 

P eff (BM) 

261 
2.48 
231 
2.19 
187 
1.63 
1.40 
1.19 
1.02 

T (K) 

2955 
282 
271 
251 
109 
181 
163 
141 
129 

XA10 6 

2462 
2939 
3579 
5065 
71 63 
8537 
9320 

11120 
12962 

110 13867 0.92 

61 



I I turc involv~sj a fu r lhc r  inlcraction between two at- 

of ~ / X A  against T are given in Figure 1. The susceptibil- 
ities however, fall gradually as the temperature is re- 
duced and give typical results observed for these spe- 
cies. Schaffer and Graff have noted, for some basic 
chromo and rhodocomplexes (!Jeff= 1.3 BM) that the 
large reduction in magnetic behaviour may be asso- 
dated with the presence of n - bonding between the 
chromium ion and the oxygen in the bridge. They 
have also reported that, in addition to this n - bonding 
mechanism, there must be a further interaction lead- 
ing to the reduction in magnetic moment as the direct 
application of Dunitz and Orgel's theory which gives 
a moment corresponding to one unpaired electron 
per chromium atom. For the ten electrons of the chro- 
mmm- oxygen system (three from each chromium 
atom and four from the oxygen) the non-bonding Eg 
orbital would be thus doubly occupied, with the resul- 
tant moment of one unpaired electron per chromium 
[Barraclough and Nyholm 19591. In agreement with 
the suggested system, we have observed the appear- 
ance of the bands in the IR spectra at 815 - 855 cm -'. 
This is in the absorption range found for complexes 
containing oxygen atoms double - bonded to metals 
[Mellor and RoyJ9431. 

The magnetic and structural properties of the IV- 
Cr complex are markedly different from the others. 
It is nearIy diamagnetic [Mellor and Roy,19431 and 
contains elongated external Cr - 0 - N bridges in the 
dimeric form. The bond angle of OH bridge in this 
compound and in the former as well, is not exactly 
180 ", because there is a hydrogen atom attachcd to 
the oxygen of the bridge. Particularly in case of the 
external bridge, it is assumed that the orbital angu- 
lar momentum of each Cr+3 ion is quenched and 
only the spin angular momentum remains free and 
so the Cr +3 ion is only effectively in the S= 3/2 state. 
However, the direct application of the molecular or- 
bital theory analagous to the treatment by Dunitz 
and Orgel (1953) suggests that each chromium ion 
should have a moment nearly corresponding to one 
electron. The removal of the two electrons from the 
degenerate nonbonding set would be expected to 
lead to a triplet rather than a singlet term. I t  seems 
probable, indeed,that the "nonbonding set" of orbi- 
tals is not entirely nonbonding and, consequently, is 
not degenerate. If the bonding - antibonding energy 
separation is larger then the interelectronic repul- 
sion of the electrons in the set, then the ground lev- 
el could be a singlet with the triplet lying higher. 

So-the reduction in moment at room tcmpera- 
62 

oms as occurs in rhcnium complexes [Mellor and 
Roy,l943;Ezowska and Majda 19541. 

Also, Watson and Waser (1958). have reported that, 
in a tungsten complex, where distortion of the mole- 
cule by a similar bonding system occurs, X-ray data in- 
dicate a very short tungsten - tungsten distance. In 
this complex, the resultant diamagnetism has been 
explained by the formation of a direct tungsten- 
tungsten bond. Although the distortion of the mole- 
cule by bending of Cr - OH - Cr bond possibly weakens 
the n-bonding, spin - spin interaction seems to increa- 
se by shortening the distance between chromium 
ions [Nikolov and Mutsulov,l9851. The preparative 
difficulties in producing a single crystal for X - ray IRo- 
vette, 19811 investigations, also the low solubility of 
the compounds prohibit UV [Milicevic, 19711 studies 
and molecular - weight determinations. 
5. CONCLUSIONS 

1:l and 1:2 asymmetric metal complexes are pre- 
pared by azomcthine containing ligands and can be 
used as dyestuffs due to their inert, selective and 
heat resisted structure. It has been determined that 
the bright colour of these species gives rise to their 
application as pigments. The ease of washing out 
from the surface and regaining from the dyeing me- 
dia predominate their importance. Inevitably cer- 
tain problems arise with solvent systems. The diffi- 
culty of low solubility can be avoided by using 
alcohol which effects synergetically [Bellamy, 19541 
with water and other ordinary solvents. 
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I I 
FomBl 7. 
Fornula 7. 
magnetik de&rler 1.24,1.08 ve 1.16 BM venniglerdir. 

Figgis ve Lewis'e (1964)'e gore, biniikleer bir kom- 
plekste spin-orbital veya spin-spin etkilegimi, atomik 
suseptibilite XA'IN~ temperattire gore degigimi ince- 
lenerek anlag~labilir. ICr  (C), 11-Cr ve I11 - Cr komple- 
kslerinde ~ / X A  ile ba&nhs~ *kil I'de verilmigtir. 

Suseptibilite temperatiiriin diigmesi ile azal~r ve bu 
kom lekslerde goriilen tipik sonuclan verir. 

Sc 1 affer (1958) ve Graff (1958) b a z ~  bazik krom ve 
Rhodo kompleksleri icin (peff: 1.3 BM) belirttig gibi, 
magnetik azellikte azalman~n fazlal~& krom iyonu ile 
oksijen aras~ndaki x b a s  mevcudiyeti ile iligkilidir. 
Hatta bu x ba& mekanizmawna ilave olarak, magnetik 
rnomenteki azalma icin daha genig girij4mler ol- 
malrdrr. Dunitz ve Orgel (1953) teorisi uygulandl- 
&nda, her krom atomu iqin tek bir ortaklanmamq 
elektron iqin moment bulunaca&n~ belirtilmigtir. 
Krom - oksijen sisteminin on elektronunda (her bir 
krom atomu icin i i ~  ve oksijen iqin dort) non-bonding 
Eg orbitalleri ikigerli eglegmig olmal~ ve sonuqta her 
krom icjn tek eglegmemig elektrona ait momenti ver- 
melidir. her i len  sistemle uygun olarak IR spektrada 
815-855 cm-l'de bantlar goriilmugtiir. Bu alan metalin 
oksijen atomunun qift bagla bagland@ alanm absor- 
siyon balgesidir [Mellor ve Roy, 19431. 

IV - Cr kompleksinin magnetik ve yap~sal 
8zellikleri diBrlerinden onemli gekilde farkl~d~r. Di- 
amagnetiklige yakm olup dimerik bicimde dlgtan 
uzanarak olugan Cr- 0 - N koprulerine sahiptir. Bu 
bilegikte ve daha onceki maddelerde OH kopriilerinin 
bag aqsl tam 180 " C dqldir,  zira d q  kop~deki  oksijen 
atomu azota bagl~d~r.  Bu durumda Cr (111) iyonu 
s ~ k ~ g ~ k  durumda olup yaln~z spin aqsal momenti 
s e r k t  kald~&ndan 0. - (111) iyonu effektif olarak 5:3/2 
spin dururnundadw. Bununla beraber, Dunitz ve Or- 
gel (1953) uygulamalarma benzer wkilde Molekiiier 
Orbital teori tatbik edildignde her bir krom icjn mo- 

aklagtkhkla bir elektrona tekabiil eder. fki elek- 
dejenere nonbonding diizenden c ~ k m a s ~  ile 
durumdan ziyade triplet sistemine qkmalan 

ir. Ger~ekten de bu durumda nonbonding 
lndeki orbitallerin ne tam nonbonding ol- 
ve ne de dejenere olmadlklan ihtimali ortaya 

3ir elektronik sistemde bonding - antibonding 
kynm, elektronlar arasl itmeden daha fazla ise, 
urnda temel diizen bir singlet ve iizerindeki bir - 
en olu~bil i r .  
lummda Rhonium komplekslerinde [Ezowska 
da, 19541 oldu& gibi, oda temperatii~nde mo- 
I azalmas~ iki atom aras~ndaki daha genig 

girigim olmasmdan meydana gelir. Aym pkilde Wat- 
son ve Waser, (1958) Tungsten komplekslerindeki 
benzer bag sistemi ile molekiiliin biikiildiigiinii ve x- 
ray data ile tungsten-tungsten mesafesinin qok 
k~sa ld~&n~ gostermiglerdir. 

Bu komplekste, diamagnetism d o b d a n  bir tungs- 
ten - tungsten ba&nm olu$mas~ ile aqklanm~ghr. 

Aragtmlan komplekslerde hemekadar Cr-OH - Cr 
ba&n~n biikiilmesi, x ba&m zaylflahyor ise de spin- 
spin giri~imi krom iyonlan aras~ndaki mesafeyi 
k~salt~r [Nikolov ve Mutsulov, 19851. 

Preparatif zorluklar x-ray incelemeleri iQn tek kris- 
tal elde etmeyi engellemig ve aynl gekilde 
~oziinurliigiin az olmas~ UV ve molekiil a g ~ r l ~ &  
aragt~rmalann~ da giiqlegtirmigtir. 

1:l ve 1:2 asimetrik metal kompleksleri awrnetin 
ihtiva eden ligandlardan haz~rlanm~g ve inert, 
seqimli ve mya dayan~kl~ yap~lanndan dolayl boya 
maddesi olarak kullanma olas~l~& araghnlmlghr. Bu 
bilegiklerin parlak rcnklerinden dolayl pigment ola- 
rak kullan~labilecekleri tespit edilmigtir. Y~kama ile 
yiizeyden uzaklaghr~lmaya direnqleri ve boyama or- 
tam~ndan geri allnabilmeleri onemlerini arhmghr. 
Solvent sistemlcri ile ban problemlerin ortaya ~ k h @  
da kaqn~lmaz bir gerecktir. Az coziinme sorunu, su 
ve diger qoziiciilerle sinergetik etki gosteren alkolun 
kullan~lmas~ ile giderilmigtir. 
5. soNLJq 

Krom boyalarlnm genig kullanma alanlan olmasl 
fakat Cevre kirletici ozelliginden dolayl, ziyansu yapl- 
l a m  bulunmas~ aq~s~ndan yeni sentezler onem taw. 

Bu amaqla 1:l ve 1:2 krom kompleksleri sentez d l -  
mi? ve yap~lan araghnlmgtlr. 

Tespit edildigi gibi, pigment boya olarak, inert, 
temperature dayan~kh ve q i m l i  striiktiirleri iistiin- 
luk saglar. Aynca, uygulama kolaylr& ve ortamdan 
kolay aynlrnalar~ da avantajland~r. Coziiniirliik Wr- 
luklarm da sinergctik etkilerinden dolayl alkol kul- 
lan~larak giderilmigtir. 
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