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Summary 

A new series of cyano-substituted nitrosylchromium(I) com- 
plexes having octahedral stereochemistry around the metal 
ion, and of general formula, [CrNO(CN)2(L)2(H20)] (L = o-, 
m- and p-phenetidines or o-, m-, and p-anisidines) have been 
isolated in the solid state by interaction of potassium pentacy- 
anonitrosylchromate(I) monohydrate with the appropriately 
substituted aniline. The complexes, which have been charac- 
terised by elemental analysis, conductance, molecular weight 
determination, magnetic measurements, e.s.r, and i.r. spectral 
studies, contain chromium(I) in a low-spin dS-configuration. 

Introduction 

A literature survey of neutral mixed-ligand nitrosyl com- 
plexes of monovalent chromium reveals few reports on such 
complexes I~-m. Although considerable importance is attached 
to the study of neutral mixed-ligand cyanonitrosyl complexes 
of chromium(i)(4-s, m, cyanonitrosyl complexes of 
chromium(I) with aromatic amines have not been described 
hitherto. We, therefore, report here the first synthesis of neu- 
tral cyanonitrosyl complexes of chromium(I) with phenet- 
idines and anisidines and the present paper deals with the 
results of this study. 

Experimental 

Materials 

Anisidines (Koch-Light, UK), phenetidines (Fluka AG, 
Chemicals), NH3OHC1 (S.D. Fine Chem. Pvt. Ltd., India) 
and KCN (M & B, India) were used as supplied. Degassed 
H20 was used in all the operations. K3[CrNO(CN)5] • H20 
was prepared by the method of Wilkinson et al. c~2) and was 
used as the starting compound for all the complexes. 

Analyses 

Chromium was determined ~4~ as Cr203 after decomposing 
the complexes by heating with alkali followed by dissolving in 
HNO3 and precipitating by NH3. Carbon, hydrogen and ni- 
trogen were determined microanalytically. 

Physical methods 

Conductances were measured in analytical grade MeOH 
using a dip-type cell and a Philips conductivity bridge. The 
molecular weights of the compounds were determined by 
Rast's method. The magnetic susceptibility was measured by 
the Gouy method using Hg[Co(NCS)4] as calibrant. E.s.r. 
spectra of the complexes were recorded at room temperature 
on a Varian E-3 spectrometer using the powdered sample at 

* Author to whom all correspondence should be directed. 

the microwave frequency 9.53 GHz. I.r. spectra of the com- 
plexes were recorded in Nujol mull using a Beckman IR-20 
spectrometer. 

Preparation o f  the complexes 

To a filtered H20 solution of K3[CrNO(CN)5] • H20,  a 1 : 1 
H20-AcOH solution of the corresponding ligand was added 
with shaking, and a coloured solid precipitated on warming the 
mixture for 30 rain. The liberated HCN was removed by pass- 
ing a current of CO_, through the mixture for a few h, and the 
resulting precipitate was filtered, washed several times with 
dilute AcOH, finally with H20 and dried to a constant weight 
in vacuo at room temperature. The analytical data are given in 
Table 1. 

Results and Discussion 

The mixed ligand complexes, [CrNO(CN)~(L)2(H20)] were 
prepared according to Equation 1: 

K3[CrNO(CN)5 ] + 2 L 
AcOH ,~ H20 (1) 

[CrNO(CN)2(L)2(H20)] + 3 AcOK + 3 HCN + H20 

The partial replacement of the cyano groups in the hexa- 
coordinated complex, KB[CrNO(CN)~] - H20 by two mole- 
cules of ligand arises from the trans-effect of the NO group. 
Studies by Raynor and coworkers 113) on the stepwise aquation 
of the pentacyanonitrosylchromate(I), [CrNO(CN)s] 3-, 
thereby attaining the third aquated species of composition, 
[CrNO(CN)2(H20)3] favour the above reaction scheme. 

These compounds are brown to reddish brownish solids, 
stable in air, and soluble in alcohol, ether and acetone. The 
molar conductances of these complexes (10-~M MeOH solu- 
tion) indicate their non-electrolytic character/4/(Table 1). 

The i.r. spectral bands and their tentative assignments for 
the complexes and organic ligands are presented in Tables 1 
and 2. Very strong bands in the 1710-1730 cm -1 region and a 
strong band at 2150-2190 cm -1 are assigned to v(NO) + and 
v(CN) respectively, and are in accordance with assignments 
made for the reported complexes 16' 71. The broad bands in the 
3550-3580cm-" and 3350-3400 cm -1 regions are due to 
v(OH) of coordinated water C141. Broad bands in the 
3250-3260 cm -1 and 3150-3160 cm -1 region in all the com- 
plexes may be assigned to v(NH) of coordinated amines 115' l~/ 
The absorption bands in the 1600-1610 cm -1 and 
830-850 cm -1 region are assigned to the coordinated H20 
molecules. The weight loss observed by t.g.a, between 
90-110°C corresponds to the elimination of one molecule of 
water ClT) and supports further the presence of one molecule of 
coordinated water in the complexes. 

The magnetic moments and g values of all the compounds 
are given in Table 1. The magnetic moments of 1.72-1.73 
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Table I. Analytical data, physical properties, and i.r., spectral bands and assignments. 

Compound" Found (Calcd.) c/c M.W. A M g bt¢, Yield Dec. v(CN) v(NO) '  
Found (Q ~cm 2 (B.M.) ( ~ )  Temp. 

Cr C H N (Calcd.) tool -I) (°C) 

[CrNO(CN)e(o-PTD)e(H20)] 12.3 50.4 5.5 16.6 448 
(12.21 (5O.7) (5.6) (16.41 (426) 

15.7 1.988 1.73 65 >260 217{}s 1710vs 

[CrNO(CN)2(m-PTD)2(H20)] 12.(/ 50.6 5.7 16.3 451 14.3 
(12.21 (50.7) (5.6) (16.41 (426) 

1.987 1.72 64 >260 2175s 17311vs 

[CrNO(CN)z(p-PTD)2(H:O)] 12.4 50.4 5.8 16.6 439 
(12.21 (511,71 (5.7) (16.4) (426) 

16.2 1.988 1.74 62 >260 2190s 1730vs 

[CrNO(CN):(o-ASD)2(H20)] 13.6 48.6 5.3 17.2 419 
(13.01 (48.2) (5.0) (17.61 (398) 

17.2 1.986 1.72 66 >260 2170s 1710vs 

[CrNO(CN)2(m-ASD)2(H:O)] 13.4 48.5 5.4 17.2 423 
(13.0) (48.2) (5.0) (17.6) (398) 

14.9 1.986 1.73 65 >260 2150s 1710vs 

[CrNO(CN)2(p-ASD):(H20)] 13.2 48.6 5.5 17.4 422 
(13.0) (48.2) (5./)) (17.61 (398) 

16.5 1.987 1.73 63 >260 2160s 1710vs 

~ PTD = phenetidine; ASD = anisidine. 

Table 2. I.r. spectral bands (cm L) of the organic ligands. 

Ligand Bands 

o-PtD 

m-PTD 

p-PTD 

o-ASD 

m-ASD 

p-ASD 

3550br, 3380br, 3250br, 3150br, 1610m, 1560w, 1511()w, 
1460s, 1380m, 1300w, 1260m, 1220w, 1100m, 1050w. 
1030w, 830w, 750m. 

3580br, 3400br, 3250br, 3150br, 1600m, 155(Iw, 1500w, 
1460m, 1385m, 1190w, 1160w, 112(1w, 1050w. 970w, 850w, 
770w, 725w, 690w. 

3575br, 3380br, 3250br, 3160br, 1610w, 1530m, 1480m, 
1400m, 1320w, 1265m, 1190w, 11311w, 1060w, 940w, 840w, 
770w, 740w. 

3550br, 3380br, 3250br, 3150br, 1600w, 1590w, 15(10m, 
1460m, 1385m, I350w, 1300w, 1260w. 1225w, l l211m, 
1050m, 930m, 830w, 750m. 

3550br, 3350br, 3250br, 3150br, 1600s, 1500w, 1460m, 
1380m, 1320w, 1280m, 1200w, 1160m, 1100w, 1035m, 
930m, 850m, 765m, 72(Iw, 680w. 

3550br, 3380br, 3260br, 3150br, 16110m, 1510m, 1460s, 
1380m, 1305w, 1250s, l180w, ll00w, 1030m, 8311w, 740w. 

"~ PTD = phenitidine; ASD = anisidine. 

B.M. at 303 K and g values of 1,986-1,988 of powdered  sam- 
pies are consis tent  with a low-spin dS-configuration for 
chromium(i)~4, is. 191 

Analyt ical  data  t aken  in conjunct ion  with the above results 
suggest tha t  the complexes  may be formula ted  as [CrNO- 
(CN)2(L)2(H20)] .  Thus  it is reasonable  to propose an octahed-  

NO 

L 

NO 

CN 

L 
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Figure 1. Octahedral Structure 
of [CrNO(CN):(L):(H20)]. 

ral geomet ry  for them ° '  k~), where  CN is trans to CN and the 
amine  is trans to amine  in the equator ia l  posit ions,  whereas  
N O  is trans to water  in the axial posit ion (Figure 1). 
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