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8-Amino-7-hydroxy-4-methylcoumarin has been found 
to form distinct coloured complexes with Cr”‘, F$“, 
Co”‘, N i”, and Cur’ metal ions. These complexes 
have been isolated and characterized by analyses, ma- 
gnetic, electronic and infrared spectral studies. All 
the complexes are octahedral except the copper(l1) 
complex which has square planar stereochemistry. 
The values of splitting energy, ligand field stabiliza- 
tion energy, Racah’s parameters and nephelauxetic 
ratio, have been evaluated in most of the cases. lron- 
(III) complex is trimeric in nature involving chlorine 
bridges as evidenced by i.r. studies. Also these stu- 
dies indicate the coordination of ligand through nitro- 
gen atom. The stability order for metal ions has been 
drawn on the basis of v,,,,(NHz) vibrations. 

Introduction 

The chelating ability of coumarins, derivatives of 
benzo-a-pyrone, have long been known.’ Hydroxy- 
coumarins exhibit distinct physiological, photodyna- 
mic, bacteriostatic,zd and tubercolostatic’ activities in 
vitro to some extent and are potentially useful analy- 
tical reagens.5 They have been successfully used in 
the detection and determination of many transition 
metals ‘by gravimetri&’ and spectrophotometric*-‘O 
techniques and many important separations” and sub- 
sequent estimations have also been performed with 
their aid. Practically nothing has been described re- 
garding the spectral and magnetic studies of metal 
complexes of coumarin derivatives. 

8-Amino-7-hydroxy-4-methylcoumarin 
been used as a chelating reagent for 
ions.i2-16 

(AHMC) has 
several metal 

CH, (AHMC) 
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The present communication deals with the spectral 
and magnetic properties of AHMC complexes of Cr”‘, 
Fe”‘, Co”‘, Ni”, and Cu”. 

Experimental Section 

8-Nitro-7-hydroxy-4-methylcoumarin was prepared 
by the method of Shah and Mehta,” from which the 
amino compound was obtained by the method of 
Kumar.18 All chemicals used were of AnalaR grade. 
Elemental analyses were performed in Microanalyti- 
cal Laboratory, Indian Institute of Technology, Kan- 
put=16, India. Metal estimations were carried out by 
standard literature methods. Table I records the 
analytical data of the complexes. 

Isolation of the complexes. Monohydroxo bis-(8- 
amino-7-hydroxy-4-methylcoumarin) monoaquo chro- 
mium(ZlZ) dihydrate, [Cr(CIOH,NO&(OH)(HZO)] 2- 
HzO. On mixing 375 ml of 0.02 M ethanolic solu- 
tion of AHMC with 75 ml of an equimolar solution 
of chromium(II1) chloride, a yellow ochre (blackish) 
coloured solution was obtained between the pH 1.5- 
3.0. On raising the pH of this solution to -5.5 by 
the dropwise addition of sodium hydroxide solution, 
a greyish coloured precipitate was obtained which 
changed to green when the pH was again raised to 
-7.0 by the addition of sodium hydroxide solution. 
The precipitate was digested, cooled, filtered off and 
washed successively with water, ethanol and ether 
and dried. Loss in weight, on heating the complex 
between 110-l 15-C, corresponded to two water mole- 
cules. The complex decomposed between 270-300°C. 

(5) Singh H.B., Ph. D. Thesis, Delhi University, Delhi, India (1966). 
(6) Manku G.S., Bhat A.N., and Jain B.D., Anal. Chim. Acfa, 

39, 369 (1967). 
(7) Patrovsky V., Chimia, IO, 93 (1958). 
(8) Bhat A.N. and Jain B.D., I. Indian Chem. Sot., 38, 779 (1961). 
(9) Idem, Anal. Chim. Acta, 25, 343 (1961). 
(10) Manku G.S.. Bhat A.N., and lain B.D., Talanta, 14, 1229 

(1967). 
(11) Jain B.D. and Singh H.B., Indian 1. Chem., 1, 317 (1963). 
(12) Rastogi D.K.. Srivastava A.K., Jain P.C., and Agarwal B.R., 

1. Inorg. and Nucl. Chem.. 32, 3849 (1970). 
(13) Idem, ibid (accepted). 
(14) Rastogi D.K., ibid (in press). 
(15) Rastogi D.K., Srivastava A.K., Jain P.C., and Agarwal B.R., 
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784 (1954). 
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Table I. Analytical data of AHMC complexes 

Compound 
C 
% 

H 
% 

N 
% 

Cl 
% 

Hz0 Metal 
% % 

Yield 
% 

[ Cr(C,oHaNOl)z(OH)(H~0)]2H,O Calcd: 47.71 4.60 5.56 - 7.15 10.33 85 
Found: 47.69 4.48 5.82 - 7.30 10.43 

[ Fe3(CloHgNO&2L] Calcd: 47.60 3.17 5.50 11.25 - 13.29 70 
Found: 47.45 3.20 5.67 11.20 - 13.25 

[ Co(C,,HsNO,),(Cl)(H,O)] Calcd: 48.75 3.68 5.68 7.19 - 10.19 80 
Found: 48.63 3.72 5.75 7.29 - 10.20 

[ Ni(C~~H~0&HDb] Calcd: 50.56 4.24 5.89 - - 12.35 90 
Found: 50.91 4.57 5.90 - - 12.33 

Bis-(S-amino-7-hydroxy-4-methylcoumarin) iron(ZZl)- 
p-dichloro mono-(7-amino-7-hydroxy-4-methylcouma- 
rin) iron(IIt)-y-dichloro bis-(S-amino-7-hydroxy-4-me- 
thylcoumarin) iron(IZZ), [ Fe3(CloHsNO&Cl4]. A brow- 
nish-violet colour was observed when 300 ml of a 
0.02 M ethanolic solution of AHMC were mixed with 
75 ml of an equimolar solution of iron(II1) chloride 
and the pH was brought downto - 1.3 by adding di- 
lute hydrochloric acid solution. The reaction mix- 
ture was heated on a water bath and the concentrate 
so obtained was kept in a refrigerator. The deep 
brownish-violet coloured crystals which appeared af- 
ter a couple of days were filtered off, washed thorough- 
ly with water, ethanol and ether and dried. The 
complex decomposed between 3 lo-340°C. 

Monochlorobis-(S-amino-7-hydroxy-4-methylcouma- 
rin) monoaquo cobalt(ZlZ), [CO(CI~H~NO&(CI)(H~~]. 
75 ml of a 0.02 M aqueous solution of cobalt nitra- 
were added to 300 ml of an equimolar ethanolic so- 
lution of AHMC, a pink colour was found to develop 
when the pH of the reaction mixture was brought 
down to - 3.0 by adding dilute hydrochloric acid 
solution. A vigorous stream of air was bubbled 
through the solution for about 48 hours and then it 
was concentrated by evaporation on a water bath, 
which on cooling yielded pink coloured crystals. The 
crystals so obtained were washed several times with 
water and ethanol-ether mixture and dried. The 
complex melted above 350°C. 

Bis-(S-amino-7-hydroxy-4-methylcoumarin) diaquo 
nickel(lZ), [ Ni( C,oHsNO&( HzO)z]. A light green co- 
loured precipitate was obtained at pH -9.2 on adding 
few drops of ammonia solution to a mixture of 75 
ml of 0.02 M aqueous solution of nickel sulphate and 
300 ml of an equimolar ethanolic solution of AHMC. 
The precipitate was digested, cooled, filtered off and 
washed successively with water, ethanol and ether 
and dried. The complex changed its colour to brown 
at 205” and decomposed at 245°C. 

Bis-(S-amino-7-hydroxy-4-methylcoumarin) copper- 
(II), Cu(CnHaNO3)z. This compound was prepared 
by the method reported earlier.19 

Magnetic Susceptibility Measurements. The magne- 
tic measurements at room temperature were made on 
powder form of the complexes employing Gouy’s 

(19) Rastogi D.K., Srivastava A.K., and Agarwal B.R., Indian f. 
Chem., 7, 732 (1969). 

method. Mercury( II) tetrathiocyanato cobal tate( II) 
(xp = 16.44X1O-6 c.g.s. units at 293°K) was used as 
a calibrant. The data are given in Table II. 

Electronic Spectral Measurements. A Carp-14 re- 
cording spectrophotometer was used to record the 
electronic spectra of Cr”‘, Ni”, and Cu” complexes 
while the spectra of Fe”’ and Co”’ complexes were 
scanned on Hilger Uvispek spectrophotometer. The 
bands and relevant ligand field parameters are cited 
in Table III. - 

L 
,6-x 

Figure 1, A comparison of v.,,~,.(NHz), Gr(NHJ and v(M-N) 
vibrations in the infrared spectra of AHMC complexes. 

Infrared Spectral Measurements. The infrared spec- 
tra of all the complexes were recorded on a Perkin- 
Elmer Infracord spectrophotometer, model 52 1, in 
KBr pellets and the tentative assignments of the bands 
are given in Table IV. The comparison of uassym(NH~), 
6r(NHz) and v(M-N) vibrations has been given in 
Figure 1. 
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Table II. Magnetic Susceptibility Data. 

Complex Temp 
(“K) 

Xl.lX lo6 x&lx lo6 
(c.g.s.) (c.g.s.) 

uncorrected corrected 
peff 

(B.M.) 
Average 

peff (B.M.) 

Cr”‘-AHMC 301 5127 5330 3.60 3.59 
302 5107 5310 3.58 

Fe”‘-AHMC 302 3432 3592 3.08 3.08 
Ni”-AHMC 301.5 3869 4046 3.14 3.13 

302.5 3839 4016 3.12 
Cu”-AHMC 302.5 1504 1645 2.00 1.99 

303.5 1462 1603 1.98 

Table Ill. Electronic Spectral Data and Relevant Ligand Field Parameters. 

Complex 

Cr”‘-AHMC 

Medium 

Nujol-mull 

observed 
bands 
(cm-‘) 

13510 
17450 

Assignment 

‘A&E I 
+4T,.(F) 

1ODq L.F.S.E. 
(cm-‘) Kcal/mole 

17450 59.8 

Racah’s 
parameter 

(cm-‘) 

B= 712 

Nephel- 
auxetic 

Ratio (0) 

0.69 

Fe”‘-AHMC Nujol-mull 

27770 +‘T,,iF) 
37030 *‘T,,(P) 
14000 6A,,+‘T,,(G) 
19200 *‘T,,(G) 
24300 +‘A,,(G) 
30300 +‘T,.(P) 

14000 - B= 1275 

_. 
40000 
47620 Charge-transfer 

Co”‘-AHMC Nujol-mull 11900 ‘A,,+‘T,, 25970 29.6 B= 530 - 
21280 +‘T,. C=4690 

Ni”-AHMC 

Cu’--AHMC 

Acetone 

Ethanol 

._ 
20770 +‘T1, 
37040 Charge-transfer 
13830 ‘Az,(FWE,(D) 9402 32.2 B= 960 0.88 
16940 +‘TI,(F) 
28000 +‘Tt,(P) 
14800 ‘B,,+‘A,, - - - - 
17800 +‘E, 

25470 37030 I Charge-transfer 

Results 

Analyses reveal the metal to ligand ratio to be 1: 2 
in all the complexes but for iron(II1) complex in which 
this ratio corresponds to 3: 5. 

Chromium(II1) ion is expected to show a parama- 
gnetism corresponding to three unpaired electrons in 
the octahedral environment but in many cases the 
magnetic moments below spin-only value have been 
observed”,*’ which may be attributed to the positive 
spin-orbit coupling constant for the ions having con- 
figurations less than d5 and also to smaller magnetic 
anisotropy in case of chromium(III), irrespective of 
the nature of the bond involved. The magnetic mo- 
ment value for the present complex is 3.59 B.M. The 
band at 135 10 cm-’ observed in the electronic spectra 
of chromium(II1) complex is spinforbidden due to 
4Az,(F)+2E, transition and the remaining three bands 
are spin-allowed and may involve the transitions, 
4Ak( F) + 4T2,( F) ( 17450 cm-‘); 4A2& F) + 4T1,( F) 
(27770 cm-‘, and 4A2,(F)+4T1,(P) (37030 cm-‘). Using 
the energies suggested by Figgis,23 the value of 10 Dq 
may be derived directlv from the first spin-allowed 
band and the corresponding value of L.F.S.E. has been 

1;:; 
(1967). 

Leiterer L., Z. physik. Chem., 836, 325 (1937). 
Cuba B.C., Pmt. Roy. Sot. London. A 206, 353 (1951). 
Jain P.C. and Nigam H.L.. Indian 1, Chem., 8, 456 (1970). 
Figgis B.N., Introduction to ligand fields (Interscience), p. 222 

evaluated as 59.8 Kcal per mole. The value of Ra- 
cab’s interelectronic repulsion parameter (B) is re- 
duced to ca. 69% of the free ion value for Cr’u ( 1030 
cm-1).24 The ratio 4Tlg(F)/4TI.&P) is 2.1 suggesting 
that the latter term would lie at about 37000 cm-‘. 
This value is in close agreement with the observed 
band at 37030 cm-‘. 

Iron( III) forms a variety of polynuclear complex- 
es25-27 which show subnormal magnetic moment rang- 
ing from 3.25-3.90 B.M. There is no direct evidence 
for the actual structure of these complexes but the 
molecularity which is mostly taken as three is based 
on the empirical formula only. The complex under 
study has a magnetic moment value 3.08 B.M. which 
may possibly be evplained by assuming a trinuclear 
formula, where the three iron atoms are bound through 
chlorine bridges (see i.r. discussion). Iron( III) has 
the ground state 6S and thus all the absorption bands 
must, therefore, be spin forbidden. In fact, a very 
many bands havebeen observed in the electronic spec- 
tra of the present complex. The bands beyond 30,000 
cm-’ may presumably be due to charge transfer. A 
complete analysis of the ligand field spectrum of this 
ion has not been possible but an estimate of 10 Dq 

(24) Idem, ibid, p. 52 (1967). 
(25) Sugano S. and Tanabe Y., Discuss. Faraday Sot.. 26, 43 (1958). 
(26) Stevens K.W.H., Proc. Phys. Sot. London, A219. 542 (1953). 
(27) Mulay L.N. and Selwood P.W., 1. Amer. Chem. Sot., 76, 6207 

(1954). 
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Teble IV. Tentative Assignments of Bands in the Infrared Spectra of AHMC and its Complexes (cm-‘). 

AHMC CP-AHMC Fe’*‘-AHMC Co”‘-AHMC Ni”-AHMC Cu”-AHMC Assignments 

3442(s) 
- 

3368(s) 
3302(s) 
3287(s) 
3238(s) 
3154(s) 
3140(s) 
1677(s) 

1614(s) 

1569(s) 
1511(s) 
1464(s) 
1433(w) 
1380(s) 

1334(s) 
1294(s) 
1240(m) 
1199(m) 
1145(s) 

- 
1040(s) 
l;;;;;sh) 

- 
858(w) 
843(s) 
800(s) 
794(s) 
- 
- 

594(m) 
560(m) 
534(w) 

- 

407(w) 
- 

456(w) 

430(w) 

3456(s) a 
3415(s) 
3270(s) 
3210(s) 

3140(m) 

1700(s) 

1600(s) 

1562(msh) 
1486(m) 

1436(m) 
1382(s) 
1363(w) 

- 
1300(m) 
1220(w) 
- 

1075(w) 
1055(w) 
995(w) = 

932(w) 
806(w) 

745(w) d 
668(w) 
548(w) 

500(wb) = 

- 

- 

- 
- 

3280(s) 
3239(s) 

3 175(s) 
3128(m) 
1756- 
1695(sb) 
1642(s) 
1615(s) 
1594(s) 
1564(m) 
1535(msh) 
1470(m) 
1415(m) 
1384(m) 

1310(m) 
1254(m) 
1150(m) 
1132(m) 
1114(w) 
1064(m) 
1034(w) 
988(w) 

- 
890(w) 
877(w) 
846(w) 

730(w) 
- 
605(wsh) 
592(w) 
542(w) 
500(w) 

442(w) 

- 

315(w) f 

- 
341 l(s) 
3200(s) b 
- 

3119(s) 

1692(s) 

1606(sb) 

1490(s) 
1445(s) 

1434(m) 
1384(m) 
1368(ssh) 
1347(s) 

1304(s) 

1144(m) 

1065(s) 
- 

938(m) 
837(m) 
810(m) 

770(w) d 
689(m) 
563(m) 
550(m) 
530(m) 
508(w) 

475(m) 

428(w) 

350(w) 

- 
3415(s) 
3308(s) 
3230(s) 
3220(s) 

3140(s) 

1777(w) 
1708(s) 

1609(s) 

1571(s) 
1536(w) 
1496(s) 
1440(m) 
1388(s) 
1369(s) 

1294(s) 
1229(m) 
1132(w) 

1092(s) 
1038(m) 
1006(m) 

935(w) 
832(m) 
813(m) 

722(w) 
654(m) 
615(m) 
595(m) 
535(w) 
- 

- 

- 

- 

- 
- 

3320(s) 
3215(s) 

3156(s) 

1740(s) 

1600(s) 

1572(s) 
1534(m) 
1488(s) 
1437(m) 
1380(s) 

- 
1304(s) 
1224(m) 
- 

1092(s) 
- 

- 
840(m) 
806(m) 

726(w) 

620(w) 
610(w) 
550(w) 
500(w) 
480(w) 
445(m) 

420(w) 

- 

v(OH) of phenol 
v(OH) of Hz0 
LA’JHz) 
v&NH*) 

v(C-H) 

w(C=O) of ketone 

v(NH,) +conjugated-o- 
hydroxy-phenyl+S(H,O) 
v( C-C) 

L&C,-CH,) 
G&C-CH,) 

6(OH) of phenol 
v(C-N) 

WNHJ 

Sr(HzO) coordinated water 
&C-H) out of plane 

Gr(NH,)+6w(H~O) coordinated 
v(M-0) of coordinated water 

v(M-N) 

v(M-0) 

v(M-Cl) 

s, strons; w, weak; sh, shoulder; b, broad; 6r, rucking vibration; SW wagging vibration. av(M-OH) vibration; b v,,,,,.(NH,)- 
vibrations; C bending &M-OH); dcoupled with v(M-0) of coordinated water; e v(M-N) and v(M-0) bands are coupled; 
f bridging v(M-Cl) vibration band. 

N 14,000 cm-’ has been obtained.B Taikng this va- 
lue into account and using the ratio of Dq/B to be 
as 1.1,28 the value of B has been estimated as 1275 
cm-’ as against 1300 cm-124 in the free gaseous ion. 
The nephelauxetic ratio would, therefore, be 0.98. 

Cobalt(II1) complexes are usually diamagnetic in 
nature in the octahedral environment. The complex 
described herein is also diamagnetic (xs = -0.1523X 
10d6 c.g.s. units at 300°K). As expected, the electro- 
nic spectra of the present complex is made up of two 
strong bands appearing at 21,280 cm-’ (lA&TtJ 
and 30,770 cm-’ (lAlg+lTzg). In addition to these, 
two more bands at 11,900 cm-’ and 37,040 cm-’ have 
been observed. The former is a spin-forbidden band 
involving ‘AI,+~T~, transition and- the latter may be 
a charge transfer band. The equations suggested by 

(28) Figgis B.N., Introduction to ligand fields (Interscience) p. 
and 227 (1967). 

226 

Dingle and BallhauserP for d6 configuration have 
been utilised to evaluate the values of 10 Dq, B and 
C which come out to be 25,970 cm-‘, 530 cm-‘, 4690 
cm-‘, respectively. The corresponding value of L.F. 
S.E. is 29.6 Kcal/mole. 

Extensive magnetic studies have been carried out 
on the octahedral nickel(I1) complexes and there is 
essentially no gap found between the magnetic mo- 
ment values of 2.8-3.5 B.M. NyholmM has discussed 
this increase in magnetic moment value from that of 
the spin-only value because of some crmixing ins of 
upper states via spin-orbit coupling. The present Ni” 
complex reveals a magnetic moment of 3.13 B.M. 
which falls well within this range. The two of the 
three main bands, now well established for the 
majority of octahedral Ni” complexes, have been ob- 

(29) Dingle R. and Ballhausen C.J., Mat. Fys. Medd. Dan. Vid. 
S&k., 35, 12 (1967). 

(30) Nyholm R.S., Proc. Roy. Sot., London. August (1961). 
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served to occur at 16,940 cm-’ (~3) and 28,000 cm-’ 
(vq) in the spectra of the present complex and have 
been assigned as ‘Azf13Tl,(F), 3A~e+3T~,(P), respec- 
tively. In addition to these, the band at 13,830 cm-’ 
(VZ) may be assigned to spin-forbidden, 3A~,-+‘E,(D), 
transition. According to the equations given by 
Figgis31 the near infrared band (not observed in the 
present case) has been theoretically calculated to oc- 
to occur at 8470 cm-’ which directly yields the value 
of 10 Dq. This procedure is not very accurate as it 
assumes that the lowest energy transition is not per- 
turbed by higher transitions. In practice this pertur- 
bation is present to a small extent and can be estimat- 
ed using Ballhausen’s equations.32 The corrected va- 
lue of 10 Dq thus comes out to be 9402 cm-‘. Mak- 
ing use of this value of 10 Dq, the energies of v3 and 
v4 bands have been calculated and checked against 
the observed values, since this is the justification of 
having cubic symmetry. The calculated values of 
v3 and v4 are 16,920 cm-’ and 28,280 cm-‘, spectively 
revealing a close agreement with the experimental 
values of v3 ( 16,940 cm-‘) and w (28,000 cm-‘). 
The value of B comes out to be 960 cm-’ as against 
1080 cm-’ in free gaseous ionF4 The ratio of the 
two values (B) is therefore 0.88. The value of L.F. 
S.E. has been estimated to be 32.2 Kcal/mole. 

No significant conclusion concerning the stereoche- 
mistry of Cu” ion can yet be drawn from the magnetic 
data. The present copper(I1) complex has a magnetic 
moment value 1.99 B.M. Four bands have been ob- 
served in the electronic spectra of the present com- 
plex at 14,800 cm-‘, 17,800 cm-‘, 25,470 cm-‘, and 
37,030 cm-’ which correspond to the square planar 
stereochemistry,33 The first two may presumably the 
transitions *BI,+‘A~, (14,800 cm-‘) ‘B,,+‘E, (17,800 
cm-‘) and the other two may be charge-transfer bands. 
An interesting feature is that the ratio bcu/bNi bet- 
ween the wave number ncu of the principal band of 
the Cu” complex and bNi, the wave number of the 
first spin-allowed of high-spin octahedral Ni” complex 
with the same ligand (when the value of 10 Dq is 
corrected for intermediate coupling effect) would be 
1.6-1.8” for a highly tetragonal distortion of Cu”. 
This ratio is in conformity with the present Cu” com- 
plex (aCu/cNi - 1.6) having square-planar stereoche- 
mistry which is the extreme case for tetragonal distor- 
tion. 

Infrared Studies. The infrared spectral studies 
show that the stretching and deformation OH vibra- 
tions of phenol observed in AHMC at 3442 cm-’ and 
1334 cm-’ respectively are absent in the spectra of 
all the complexes. The disappearance of these bands 
on complexation is due to the loss of proton suggest- 
ing the formation of a metal-oxygen bond in the 
complexes. The M-O stretching vibration appears 

(31) Figgis B.N., Introduction to ligand fields (Interscience) p. 220 
(1967). 

(32) Ballhausen C.I., Rec. Trav. Chim.. 75, 665 (1956). 
(33) Figgis B.N., Introduction to ligandfields (Interscience) p. 316 

(1967). 
(34) Jergensen C.K., Absorption spectra and chemical bonding in 

complexes (Pergamon Press) p. 123 (1962). 

as a weak absorption bandat 442 cm-’ (Fe3+), 475 
cm -I (co3+ ), and 445 cm-’ (Cu”). However, in case 
of Cr”’ complex this vibration seems to have been 
coupled with the M-N stretching vibration and ap- 
pears as a weak broad band at 500 cm-‘. 

The antisymmetric NH2 stretching vibration appears 
as a strong absorption band at 3368 cm-’ whereas 
three strong bands at 3302 cm-‘, 3287 cm-‘, and 3238 
cm-’ have been observed in the symmetric NH2 vibra- 
tion region in AHMC. Both the antisymmetric and 
symmetric NH2 stretching modes in the complexes 
have been considerably lowered (see Table IV) com- 
pared with those in the free ligand and the changes 
in v(NH2), 6w(NH2), and Gr(NH2) vibrations have 
also been observed. The major cause of this lower- 
ing is the drainage of electrons from the nitrogen 
atom which in turn weakens the N-H bond. It has 
been suggested that the decrease in N-H stretching 
frequency is attributed to the increase in the metal- 
nitrogen bond strength.35”7 In the present studies 
va,,,,(NHz) frequency is found to decrease in the 
following order: 

Co”’ > Cr”’ > Fe”’ > Ni” > Cd’ 

The similar order has been drawn by Kobayashi and 
Fujita,38 As expected, this vibration in the CrlI1 com- 
plex has been observed at a higher frequency than 
that in the corresponding Co”’ complex, because the 
coordination effect of Cr”’ ion is considered weaker 
than that of Co”’ ions3 This is also in agreement 
with their values of 10 Dq (see Table III). Band 
assignment for v(M-N) vibrations in the metal-amine 
complexes has been a subject of considerable interest 
and controversy in the recent years. Powell and Shep- 
pardB and Nakamoto et al.” have assigned the bands 
near 500 cm-’ to v(M-N) modes. In the present 
studies v(M-N) vibration has been observed at 508 
cm-’ (Co-“), 500 cm-’ (Cr3+), 500 cm-’ (Fe3+), 500 
cm-‘, and 480 cm-’ (Cu2+). 

Several halogen bridged complexes are reported in 
the literature.“‘-* In almost all cases the metal-halo- 
gen bridged stretching vibration has been observed 
in 250-330 cm-’ in the FelI1 complex indicates the 
presence of chlorine bridging. A weak absorption 
band at 350 cm-’ has been observed in the Co”’ com- 
plex which may be due to v(M-Cl) vibration. 
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