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SPECTROSCOPY LETTERS, 11(12).  967-5395 (1978) 

( TCSe ) 

C..HLUEWI nnd 1.1.A.A.LjSA 

Faculty o f  Sciences, Univoralty of Riyad * Saudi Arabia -------_------------------------------------------- 

The angular dependenoe of Em( of the Cu2+ ion i n  the  

fe r roolec t r lc  TGGo c rys t a l  has been Fntreotigated. 

coordination of the  Cu2+ Ion and the number of complexes 

were found t o  be $he same a8 in the  isomorphow copper - 
doped W S  crystal. The spin density on the Central metal 

ion Fndioates a more oovalent nature of the Cu-ligand 

bond in 'PGSe. Thc speotroecoplc s p l i t t i n g  f a O t O r  exhib i t s  

an anomaly n e w  the f e r roe l ec t r i c  t rane l t lon  p o h t .  

The 

1. INTRODUCTION 
-1----1- 

Paramagnetic probes were used extenejvely for EFR s tudies  

of fe r roe lec t r ic  crystals. ' P r i g ~ C h e S 6 l e M t e  belongs t o  the  

Z a m i l y  of for roolec t r lc  c rys t a l s  with the  fornula : 

( NH2 CH2 COOH l3 . l i p 4  , where BX4 I SO4 (W) ; BeF4(TGFB), 
Se04 (TGSe) . TGGe undergooa a second order phaeo transition(?) 
in the region of 22.5OC . Above I, * tho crystal belongs t o  the 

oenteroeymmetrio point group 2/m while it ie in  t h e  polar  group 

below I, 
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988 HEDEWY A X D  ISSA 

The coordination of Cu2+ i c  was prooiously studied In both 

the  two isomorphous c rys ta l s  TCC (&?)and TGFB (G,7) 
of TGFB : Cu2+ revealed the oxistenco of both isolnted 

aEp?gated complexee with s p i n  S = 1/2 and 2 respeotlvels. 

On the other hand, only one kind of X - band spectrum was observed 

for 63~u2+ ion in to  ws oorrespondinC t o  tho isolated complexes (4> 

Terumasa e t  01 (51 succeedod using I< - band t o  observe a t  77 O K  

two Mndo of spectra with in tens i ty  r a t i o  dependent on temperature. 

The aim of t h i s  study i s  t o  ascer ta in  the coordination of 

ion i n  TGSe as well as  the determination of the values of the 

spin - Iiamiltonian parameters, 

EFR study 
and 

Cu2+ 

2. EXFERIT~EII'PAL ------------- 
Anisotroplo study of the X-band spectrum was Lerformed using 

a V a r i a n  E - 12 spectrometer a t  the temperature 1 6 O C  Spectra 

were also recorded a t  other temperatures including the l iquid 

nitrogen temperature. Sample temperature was regulated by a 

Varian - variable temperature controller.  

This anisotropy of the EPR was described in the  previously 

used(4) orthogonal coordinate system a r b i t r a r y  attached t o  the 

crystal .  The Y - axis i s  perpendicular t o  the  cleavage plane , 
and the Z - axis subtonds an angle of - 15' 40 w i t h  the Wood- 

Holdsn c - axis (8) or 180' + 15' 40 with Hoshino, 0- - 
Pepinslq 

allogrophical plane ( Offl ) 

/ 

0 / 

c - axis(9) and is perpendicular t o  the natural eryat -  

3. RESULTS AND DISCUSSION 

The angular dependence of the spectrum in the YZ - plane , 
........................... 

FFg.(l) , and In other planes revealed the  same number of copper 
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COPPER (11) - DOPED TRICLYCINE SELENATE 

1 1 1 1 

0.3LO 

8, ( T I  

0.330 

0.320 

0.310 

0.300 

0- 290 

0.280 

0.270 1 1 1 1 

0 20 LO 60 80 100 120 1LO 160 180 

Y x 0" Y 

Fig. (1) : Angiltxr dependence of copper hyperfine 

components in the YZ plane. 
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glychate  complaxes as in TGS. The two magnetically equivalent 

complexes have the same type of symmetry as in TGS but with 

-dFffering values of the crystal f i e l d  parameters. The principal 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



990 HEDEWY AND I S S A  

axes subtend an angle 35' with the Y - axis. These complexes 

were the only detected ones even at 77'X . 
The anomlorn dip in the angular dependoncc for the hyper- 

f ine component = - 3/2 ; which was previously detected and 

interpreted for TGS : 63Cu2+ 

angular ran(ge of about +, 15' 

orientation compared with 2 20' for TGS. The other hyperfine 

aomponents with NI = 2 . g  and + ' j / 2  did not show such an 

anomalous behaviour. The spin Hamiltonian parameters corrected 

to second order are given in Table (1) . 

in Ref.(4) ; extends only over an 

on both sides of the perpendicular 

Applying Bleaney's equation(l0) for the resonance fields 

of the hyperfine conponents calculated to second order written 

in the form ; 

The expreasion giving the angles comesponding to extremum is as 

follows: 

Utilizing the values of the pet meters listed in Table (I), the 

double extremum can be detected at the angles 4 = 90' +, 15' 

which is in agreement with that observed experimently. 
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COPPER (11) - DOPED TRIGLYCINE SELENATE 99 1 

I ?I 

I 

4 s  
A Y  

I 
1 AY1 
I 
I 

A;! 

AH 

i I 
I 

2.241 

2.05 

133.2 x104c~'1 

32.4 fiO-4cm-1 

6.5 ~ I O ~ c r n ' ~  

9.1 xi~-4cecm-1 

4.6 gauss 

0.67 
-------------I-- 

.------------- 
TGS (4) 

2.261 

2.054 

I 50.1 x1~-4cm- 

30 A O - ~ ~ ~ - ~  

7.4 X I O - ~ ~ ~ - I  

11.4 X I O - ~ ~ , - ~  

4.6 gauss 

0.73 
.-------------- 

It is c lear  from Table ( I )  that tho value of the spin dcssi tg  

d2 on the central  ion i n  TGSe , calculated from the formula(l1) , 
d'! = - ( A,,.,/i? ) + h q1 + 3/7 6 gL + 0.04 

is smaller t h i  the corresponding one for TGS pointing t o  E more 

covalent naD.re for the Cu - l i w d  bond in the former and t o  a 

more ionic nature i n  the l a t t e r .  

The 13 - l ines  spectrum with intensi ty  r a t io s  I : 4 : 8 : 

12 : 16 : 20 I 22 : 20 : 16 : 1 2  : 8 : 4 : 1 shorn in Fig. ( 2 )  

indicate8 the coupling between the unpaired 3d electron and the 

two equivalent nitrogen atoms d i rec t ly  attached t o  the central  

metal ion, in addition t o  a fur ther  coupling with f o u r  protons. 

Phis number of l i nes  can be deduced from the re la t ion  : 

~ = 2 1 * n ~ 7 + 2 1 ~ n ~  + I  
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992 HEDEWY AND ISSA 

Fic. (2) : EPR spectrum of Cu2’ ion in  E S e  ahowing 
SHFS from both nitrogen and hydrogen nuc le i  

with the-asaumption that t h e  nitrogen coupling constant t o  be 

twice that of Wdrogen i.e ‘7 = 2. Such r a t i o  has been i d e n t i f i e d  

experimently. Ref ering t o  t h e  spectrum of ‘%u2+ I TGS given in 
Raf.(4) - Fig.(lO)- which is i n  exact resemblance with that shown 

i n  Fig,(2), it is possible without deuterat ion of TGSe c r y s t a l  t o  

a t t r i b u t e  the  proton s p l i t t i n g s  t o  the  hydrogen atoms of t h e  

m i n e  groups. 
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COPPER (11) - DOPED TRIGLYCINE SELENATE 993 

The ni t rogen hyperfine s p l i t t i n g  t enso r  AN exhibi ted a 
fi  

s c a l l e r  anisotropic  behaviour conparcd with TGS. I n  TGSe,likev!ise 

i n  TGS , t he  l a r g e s t  anisotropy ( 3.24 - 6.5 x cm” ) was 

observed i n  the YZ p13.11~ . The s l i g h t  nonnxiali ty ( 9.1- 8,99 x 

l o y  cm” ) in t he  complex plane W ~ E  cixwzcterized by a more 

d e f i n i t e  maximium and mhimiun as shown i n  Fig.(3), which 

enable more accurate determination o f  t he  o r i en ta t ions  of +he 

tensor  p r inc ipa l  axes. Ignoring t h i s  s l i g h t  anisotropy Fn t h e  

conplex plane, t h e  ni t rogen hyperfine tensor  possesses r.xiel 

syunetry with its d i r e c t i o n  of mnximium sp1ittir.g 1:;ing in the 

plane of t h e  conplex and subtends an exact angle of 61’ with 

thc  X - axis.  The proton s p l i t t i n g  observed f o r  somc a n f 3 l a r  

ranges was nearly i s o t r o p i c  and amounts t he  value 4.6 x 10Ycm: 

As it is  well hown from I?MR studies(’*) the ‘Ifi; c;rOup Of 

I . 
t h e  glycine ion i s  in a r o t a t i o n a l  motion which becomes hindered 

a t  low temperatures. One can expect that t h i s  r o t a t i o n a l  motion 

ma? affect the  SKFS arising from the  protons of t h i s  group. 

8 III/IIIIIIIIIIIIII 
[P[.Yd 

Fig. (3 )  : Angular dependence of s p l i t t i n g  f rom nit rogen 

in the  complex plane. 
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994 HEDEWY AYD ISSA 

With the crystal oriented in a well - rcsolved protsn direction, 
tte measurements were performed throughout the temperature range 

from - 20' C to + W°C. Measurclconts failed to detect any changes 

in the SHFS . 
During the same temperature range, the monsurements wore 

repeated with the magnetic field directed along the prir-cipal 

axis of one of the complexes in TGSe crystal to detect the 

e x t s m c e  of the unconfbmed observed small momaly(13) in the 

g - parameter for M S  : 63Cu2+ at Tc . The measurements were 
also performod to study the dbection of the principal a x i s  as 

a funotion of temperature and was found to be tcmperature indep- 

endent . Fig. (4) represents a plot o$ versus temperature. 

It exhibits a marked anomaly n o w  the ferroelectric Curie point 

which is an evidence for the phase transition occurring at this 

g,, 

2.234 I I I I I I 

-20 - 1  0 0 10 3 0  40 
T "c 20 

Fig. (4) t Temperature degendenoe of the epectzoscopia 

,splitting factor of CU*+ ion in W S ~  
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COPPER (11) - DOPED TRIGLYCINE SELENATE 995 

temperature. The hyperfine coupling constant All was unchanged 

through the whole temperature range. Thus, not only the fine 

structure parameters f o r  the agpegated complexes of some copper- 

doped 'PGS type crystals which exhibit anomalies near T, , but 
also the g - parmeter of the s.dnple complexes in some of these 

crystals, 

This work has been carried out at PhysicsDept. Riyad Univer- 

sity, Saudi Arabia. The authors would like to thank Professor Dr. 
J.Stankowska - Institute of Physics, AJlicMewicz University,Poznan- 
f o r  growing the crystals. 
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