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Abstract : Single crystals of orthorhombic antimony thiourea bromide (ATBO) and monoclinic antimony thiourea bromide (ATDM) have 
been grown in gels at ambient temperature using a controlled chemical reaction method. The laser Raman and Fl'-IR spectra of the gel grown 
ATBO and ATBM crystals have been recorded. The presence of thiourea Ion, water molecules and normal mode vibrational frequencies are 
identified and discussed. The basic ideas regarding the normal modes of vibration, selection rules for Raman and IR spectra, hydrogen bonding 
cfl'ect are considered in brief.
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Spectroscop ic  in v es tig a tio n s  in d if fe re n t reg io n s  o f  th e  

e lec trom agnetic  sp ec tru m  p ro v id e  in fo rm atio n  reg a rd in g  

transla tional, ro ta tio n a l, v ib ra tio n a l an d  e lec tro n ic  en erg y  

levels o f  m o le c u le s . In fo rm a tio n  re g a rd in g  m o le c u la r  

structure, s te reo  ch em is try  o f  co m p lex  m o lecu les , h y d ro g en  

bonding an d  in te r an d  in tra  m o le c u la r  p ro cesses  can  be 

obtained from  th e  v ib ra tio n a l spec tra . T he  d ev e lo p m en t o f  

soph istica ted  ex p e rim e n ta l te ch n iq u es  in F o u rie r tran sfo rm  

in fra -re d  s p e c t ro s c o p y  a n d  R a m a n  s p e c tro s c o p y  h a s  

sim plified  th e  p ro b lem  o f  o b ta in in g  th e  v ib ra tio n a l sp ec tra  

o f  even  v e ry  c o m p lic a te d  c ry s ta ls  [1]. In th is  p ap e r the 

detailed  a n a ly s is  o f  th e  R am an  an d  F T -IR  v ib ra tio n a l sp ec tra  

o f  the gel g ro w n  A T B O  an d  A T B M  c ry s ta ls  hav e  been  

presented .

T he F T -IR  sp e c tra  o f  g e l g ro w n  [2 ,3 ] A T B O  and  A T B M  

crystals in th e  m ic ro  c ry s ta llin e  fo rm  h av e  b een  reco rd ed  on 

a B R O K E R  IF S  F T -IR  sp e c tro m e te r  in th e  reg io n  o f  4 0 0 -  

^000 cm~* u s in g  K B r p e lle t te ch n iq u e . L ase r R am an  spec tra  

o f  m icro  c ry s ta llin e  sam p le s  w ere  rec o rd e d  u s in g  B R O K E R  

IFS 6 6 V  F T -IR  sp e c tro m e te r-F R A  106 R am an  M o d u le  w ith  

YAG  laser.

F igures 1 an d  2 g ive the  FT -IR  and  R am an  spectra  

re sp e c tiv e ly , o f  th e  A T B O  an d  A T B M  c ry s ta ls . T he  

ass ig n m en t fo r d iffe ren t v ib ra tio n s o f  the  A T B O  and  A T B M

Figure I. FT-IR spectra of ATBO and ATBM crystals.

c ry s ta ls  a re  g iven  in T ab le  1. T he  ex is ten ce  o f  m o lecu la r 

u n its  such  as th io u re a  an d  w a te r  in th e  c ry s ta l fac ilita te s  the  

an a ly s is  o f  th e  v ib ra tio n  sp ec tra  in te rm s o f  th e  v ib ra tio n s
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o f  th e se  m o le c u la r  g ro u p s , p a rticu la rly  in the  in ternal m ode 

reg io n . A  n u m b e r o f  s tu d ies  a re  ava ilab le  on  th e  in frared  and  

R am an  sp e c tra  o f  th io u re a  [4--6]. T he  no rm al coo rd in a te  

an a ly s is  o f  th io u re a  m o lecu le  has a lso  been  rep o rted  [7], T he 

s tru c tu re  o f  th io u re a  h as  been  inves tiga ted . W y c k o ff  and
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Figure 2. Laser Raman spectra of ATBO and ATBM crystals.

Table 1. Spectral assignment of ATBO and ATBM crystals (spectral lines In cm“*).

C o rey  [8 ] fo und  tha t a t room  tem p e ra tu re  th e  c ry s ta l belongs 

to  the  o rth o rh o m b ic  cen tro  sym m etric  space  g ro u p  D 2h with 

fo u r m o lecu les  p e r u n it cell. T he  asy m m etric  cry s ta l unit 

co n sis ts  o f  h a lf  one  m o lecu le , the ca rb o n  and  su lp h u r atoms 

ly ing  in th e  m irro r p lan e  and  th e  m o lecu le  w as fo u n d  to be 

p lanar. N o  hy d ro g en  b o n d in g  w as fo u n d  p re su m ab ly  because 

o f  la rge  th e rm al m o tion . T he  A T B O  c ry s ta llize  in the 
o rth o rh o m b ic  fo rm  w ith  a  =  12.273 b -  11 .675 A, c -= 

18.617 A, sp ace  g ro u p  C m c 2 i, h av in g  e ig h t m o lecu les  in the 

un it cell. A T B M  cry s ta l c ry s ta llize  in m o n o c lin ic  fo rm  with 

a  -  8 .4 6 7 (3 ) A, 6 -  18 .676(8 ) A, c  = 8 .4 8 8 (4 ) A, a -  9 0 ^  

>3= 92®94', 90®, space  g ro u p  / ’2i/,„ h a v in g  fo u r m olecules

in th e  u n it cell. T he  th io u rea  m o lecu le  in its free  sta te  has 

Cjv sy m m etry  and  th e  irred u c ib le  rep re sen ta tio n  o f  the 

m odes is : 7>4i 2 A 2 + 6B i +  3 ^ 2*

O f  w h ich , six teen  v ib ra tio n s  w ith  sy m m etrie s  A \, 

and  B 2 a re  a llo w ed  in the  IR  sp ec tru m  by  th e  se lec tio n  rules 

and  all e igh teen  v ib ra tio n s  a re  a llo w ed  in th e  R am an 
spectrum . T h io u rea  like o ther th ioam ides, th iosem icarbazones 

and  d ith io am id es  ex h ib it b ands in th e  reg io n  9 4 0 -1 1 4 0 , 

1 2 6 0 -1 4 2 0  and  1375*-1570 c m ’  ̂ [9]. T h ese  b an d s arise

FTIR Raman Symmetry FTIR Raman Symmetry Assignment
AIBO ATBO ATBM ATBM

3644 3645 A i H2O stretching

3556 Ai 3557 Ax and rx)

3285 3306 Â 3370 3374 Bx ya:, and y, vibrations

3201 3210 Bi 3279 3304 Ax of Nil

3127 * Bi 3127 3210 Bx

2928 Bx 2930 Bx

2750 to 1700 Ai 2800 to 1700 Ax Combinations and overtones

1639 Ai 1631 Nll^i

1614 Ax 1612 II2O bending {yi)

1619 Ai 1618 /4| (253X2+ 1112)

1524 1526 A i 1524 1525 (SCN) bending

1050 Bi 1040 Bi (Nll)p

731 Ai 729 Ai { c m
688 689 Bi 687 688 Bz (CN)ru*

607 595 Bx 607 595 A, Librational modes of H2O

457 457 Ax 456 458 At (CN)d'

387 B\ 387 Bi (253 + 139)(253 + 138)

283 Ai 282 A i (Sb-S) stretching

253 A\ 253 At (Sb-Br) stretching

179, 139 Bi 181, 138 Bt (S-Sb-Br) bending

118 Ax 118 At (Sb-Br)/7

/^rocking; ^ ŝtrctching; ^-symmetric; ajr>asymmctric; formation.
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because o f  the strong coup ling  between C=S and C -N  
vibrations.

In the h igh  wave num ber region 3000'-3400 cm ^  there 
are several peaks due to N --H  stretching. N H 2 stretching 
modes are observed at low er wave num ber than fo r free ion 
[7 J. This e ffect is observed in A T B O  and A T B M  crystals, 
being the highest in A T B O . Th is indicates that the hydrogen 
atoms o f  N H 2 take part in in te rm olecular/in tram olecular 
hydrogen bonds. A no the r possible reasoa fo r the bands in 
this region is the existence o f  th iourea in the resonance 
configuration [10 ]. The v ib ra tion  between about 1700 to 
about 2800 cm ’ is considered as overtones/com bination.

Earlier w orkers [1 1 -1 3 ] d id  infra red studies on metal 
coordination com pounds o f  th iourea. Swaminathan etal[\ 2 ] 
have studied the effects o f  m etal com plexath in  o f  the type 
M(Tu)2 X 2 where M  M n, Co, N i, Zn, Cu, Hg, T i and Pt; 
Tu is th iourea and X  is a halogen. A l l  metals except T i 
form complexes via su lphur. (T i fo rm s bond via n itrogen). 
It IS expected that on fo rm ation  o f  m c ta l-su lfu r bond, 
the vibrations at 1412 cm ’ and 730 cm ' w ou ld  be down 
shifted. A  com parison o f  our results w ith  the infrared 
spectra o f  th iourea, Z n(tu )^S 0 4  is made in Table 2. These 
studies corroborate the crysta l structure data o f  th iourea 
complexes, establish ing the metal com p lexa lion  via su lfu r 
atoms.

I able 2. Comparison of vibrations (cm •) of thiourea with metal complexes

Species Thiourea* Zn(lu)3SCV ATO (ortho) ATB (mono)**

3385 3329 3285 5370

«VNH: 1618 1635 1639 1631

y X S 1412 1408 1405 1404

/)N1F 1087 1083 1050 1040

v,CN 730 713 731 729

Table 3. Comparison oflCO mode vibrations

H2O mode vibrations in the grown cr>stals (cm ’) 

ATB (ortho) A IB (mono)

3356 5557

3644 5645

1614 1612

Free I IjO molecule 
vibrations cm~‘

(/C) 3657 1̂ 

(^2) 3756 /3

'Kef [12|
Mtcf [13]
** Present work

The stre tch ing frequencies o f  H 2O are s lig h tly  down 
shifted and the bend ing frequencies are s lig h tly  up lifted . 
This shows that the w ater o f  c rys ta lliza tion  does not take part 
in fo rm ing  hydrogen bonds [14 ]. Th is  inference is in support 
o f the structure analysis o f  the crystals. The free H 2O 
molecule v ib ra tion  is compared w ith  that o f  the w ater o f  
crystallization o f  A T B O  and A T B M  crystals in Table 3. The 
comparison resu lt shows that the H 2O m olecules are w eakly 
bonded in these crystals.

Raman spectra obtained at low er wave num ber region 
helps in assigning the v ib ra tions, w h ich  invo lve  heavy 
3toms. The v ib ra tions o f  m e ta l-su lfu r stretching mode appear

a r o u n d  273 c m  ’ in  Z n  th io u r e a  c o m p le x e s  [ 1 3 ,1 5 ] ,  O n  

c o i | i p l e x  f o r m a t io n  w i th  v a r io u s  l ig a n d s ,  th e  m c ta l - s u l f u r  

v ib ir a t io n  w a v e  n u m b e r  w a s  o b s e r v e d  n o t  to  c h a n g e  

a p t4 * e c ia b ly  [ 1 6 j .  T h e  S b /B i~ S  s t r e tc h in g  a n d  b e n d in g  m o d e s  

a r e  c o m p a r e d  w i th  t h a t  o f  th e  s tu d y  m a d e  o n  a n t im o n y  

s u l f o b r o m id e  a n d  o n  a n t im o n y  s u l f o c h lo r id e  [17]. D e p e n d in g  

o n  t h e  a to m ic  m a s s ,  t h e  b o n d  d i s ta n c e  a n d  th e  b o n d  a n g le  

th e  v ib r a t i o n  f r e q u e n c ie s  v a r y .  D u r in g  c o m p le x  f o r m a t io n ,  

it is  o b s e r v e d  th a t  th io u r e a  is  c o o r d in a te d  to  th e  a n t im o n y  

th r o u g h  s u l f u r  in  A T B O  a n d  A T B M  c r y s ta l s .  I n t e r m o le c u la r /  

in t r a m o le c u la r  h y d r o g e n  b o n d s  a r c  o b s e r v e d  in  th e s e  n e w  

c r y s ta l s .  M o le c u le s  o f  w a te r  o f  c r y s t a l l iz a t i o n  a r e  w e a k ly  

b o n d e d  in  th e  c r y s t a l s  i.e,, t h e y  d o  n o t  t a k e  p a r t  in  h y d r o g e n  

b o n d  f o r m a t io n .

A c k n o w le d g m e n ts

T h e  a u th o r s  a r e  g r a te f u l  to  th e  D e p a r tm e n t  o f  S c ie n c e  a n d  

T e c h n o lo g y ,  N e w  D e lh i ,  I n d ia  fo r  th e  r e s e a r c h  g r a n t .
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