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13C HYPERFINE INTERACTIONS I N  t-("CH)x STUDIED BY ELECTRON 
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HO KIM,  ANNY MORROBEL, CINDY CHIU and LARRY R. DALTON 
Department o f  Chemistry, Un ive rs i t y  o f  Southern C a l i f o r n i a  
Los Angeles, C a l i f o r n i a  90089 
BRUCE H. ROBINSON 
Department o f  Chemistry, Un ive rs i t y  o f  Washington 
Seatt le,  Washington 98195 

Abstract  E lec t ron  Spin Ecpj  (ESE) experiments have 
been performed on 99% C-enriched trans-(CH)x. 
Strong modulation i s  observed i n  the  envelope t raced 
by the  decay o f  t h e  sp in  echoes. This modulat ion 
ar ises  rom the  i n t e r a c t i o n  o f  t h e  paramagnetic de fec t  
w i t h  15C nuclei .  The electron-nuclear hyper f i ne  
coupl ing may be determined by Four ie r  t rans format ion  
o f  t he  t ime domain s ignal .  A t  6K we f i n d  a maximum 
hyper f ine  coupl ing of 1.75 Mhz. 

INTRODUCTION 

The spin dens i ty  d i s t r i b u t i o n  o f  t he  rad i ca l  de fec t  i n  trans-(CH)x 
had been q u a n t i t a t i v e l y  p red ic ted  by the  s o l i t o n  model f o r  t h e  
paramagnetic de fec t  i n  polyacetylenel .  Proton hyper f ine  coupl- 

ings, obtained using SSH' sp in  dens i t ies ,  were used t o  s imu la te  
t h e  EPR l inewidth2. However, i t  i s  impossible t o  determine wheth- 
e r  the  .s imulat ion o f  an unresolved EPR absorpt ion represents a 
unique fit. ENDOR ~ p e c t r o s c o p y ~ , ~  i s  a more d i r e c t  method f o r  
measuring hyper f ine  couplings. However, t he  compl icat ions o f  
e lec t ron-e lec t ron  spin-exchange e f f e c t s  have . l i m i t e d  d e t a i l e d  
ENDOR s tud ies  t o  on l y  t h e  c i s  isomer. We repor t  here t h e  measure- 
ment o f  13C hyper f ine  coupl ings i n  99% 13C-enriched a l l  t r a n s  

po lyacety l  ene, 
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456 H. THOMANN a al. 

EXPERIMENTAL RESULTS 

Samples were prepared according t o  the  Shi rakawa procedure5. The 

echo experiment and instrumentat ion are  described elsewhere6. The 
experimental echo envelope modulation (EEM) pa t te rn  observed a t  6K 
i s  shown i n  Figure la. A pronounced modulation o f  t he  echo en- 
velope f s  observed f o r  13C-enriched t rans  polyacetylene which i s  
not observed f o r  t h e  12C analogue'. The EEM phenomena' has been 
observed' i n  a number o f  electron-nuclear hyper f ine  coupled sys- 
tems. It ar ises when t h e  nuc le i  coupled t o  an e lec t ron  sp in  are 
subjected t o  the  sudden change i n  l oca l  d ipo la r  magnetic f i e l d  
t h a t  occurs when the  e lec t ron i c  spin i s  torqued by the  s t rong 
resonance microwave pulses. This sudden reo r ien ta t i on  o f  t he  
e lec t ron i c  d ipo la r  f i e l d  causes the  nuc le i  t o  branch i n t o  subsets 
o f  nuclei,  one set which a d i a b i a t i c a l l y  fo l lows the  new e lec t ron i c  
d ipo la r  f i e l d  and one t h a t  does not. The ensuing modulat ion 
resu l t s  from the  quantum in te r fe rence e f f e c t s  from these subsets 
o f  nuclei.  Four ier  t ransformat ion o f  t h e  modulation p a t t e r n  
y i e l d s  the  hyper f ine  coup1 i n g  f req~encies'~ ' .  

lsec MHz 
FIGURE 1: (a)  Envelope obtained using a p i /2 -p i  pulse sequence 

(b) FT spectrum o f  t h e  2 pulse echo envelope. 
The Four ier  t ransform o f  t he  echo envelope spectrum i s  shown 

i n  Figure lb. The peak a t  3.1 Mhz ar ises  from weakly coupled 1 3 C  
nuclei .  The width o f  t h i s  peak r e f l e c t s  the  maximum hyper f ine  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
48

 2
0 

Fe
br

ua
ry

 2
01

3 



IF HYPERFINE INTERACTIONS IN t-(ITH)x 451 

coupl ing observed which i s  app. 1.75 Mhz. The peaks i n  t h e  Four- 

i e r  spectrum a t  higher harmonics o f  t h e  fundamental peak do n o t  
a r i s e  from add i t iona l  hyperf ine couplings. A d iscussion o f  t h e  
o r i g i n  o f  these peaks w i l l  be publ ished elsewhere". 

DISCUSSION 

The magnitude o f  t he  observed 13C couplings may be i n te rp re -  
t ed  i n  terms o f  a s t a t i c  ( t ime independent) spin d i s t r i b ~ t i o n ~ s ~ ~  
o r  i n  a dynamic model" i n  which the  SSH spin densit ies',  mod i f ied  
t o  include e lec t ron  c o r r e l a t i o n ~ l ~  are dynamically averaged t o  

lower e f f e c t i v e  values. For the  f i r s t  order analysis i n  t h e  
present discussion, we assume t h a t  t h e  e f f e c t i v e  hyper f ine  i n t e r -  
ac t i on  ar ises  from i s o t r o p i c  coupl ing only. Note t h a t  t h e  calcu- 
l a t i o n  o f  t h e  i s o t r o p i c  13C coupl ing from the  carbon sp in  dens i t y  
must include e lec t ron  c o r r e l a t i o n  e f f e c t s  even t o  f i r s t  order i n  
the  hyperf ine interact ion14. This i s  because sp in  p o l a r i z a t i o n  o f  
t h e  valence band electrons w i l l  in t roduce la rge  con t r i bu t i ons  t o  
the  i s o t r o p i c  coupl ing on adjacent s i tes .  The 13C coupl ing a t  
s i t e  i is14  a,(i)=(Sc+c OEx.)pi+C o;.,pj where SC = -35.6 MHZ; QEh 
= 54.6 MHz, Q E c r  = 40.3 dHz, and % c c ~ c  = 38.9 MHz. The s p i n  
dens i t i es  are obtained from the  modif ied SSH theory13 or from 
valence bond calculations''. Using t h e  extrapolated valence bond 
resul ts,  pJp+ - -0.43, o r  the  experimental ENDOR resu l t s3  fo r  
cis-(13CH)x, pJp+ - -0.34, w i t h  the  above expression and t h e  s p i n  
densi ty normal izat ion condi t ion,  we estimate N - 60 t o  65 s i t e s  
f o r  a uniform s t a t i c  de loca l i za t ion ;  which i s  i n  good agreement 
w i t h  previous estimates . 

For the  dynamic model12, we can ob ta in  an est imate o f  t h e  
d i f f u s i o n  c o e f f i c i e n t ,  D,, ( a t  6K) required t o  dynamical ly average 
the  la rges t  ( t heo re t i ca l )  hyperf ine i n t e r a c t i o n  t o  the  observed 
e f f e c t i v e  value. 

3 

The la rges t  SSH sp in  dens i t i es  a re  obtained f o r  
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458 H. THOMANN cr al. 

p(o) and p(f1). The ca lcu la ted  value o f  ac(o) depends on the  
value o f  t h e  Hubbard U used i n  the  Hartree-Fock (HF) madell3, 
s ince Ufo w i l l  scale t h e  spin densi ty r a t i o  on a l te rna te  s i tes ,  
Using the  expression f o r  a c ( i )  and t h e  sp in  dens i t i es  f o r  U=3eV13, 
we obtain ac(o) = 18.7 MHz. I n  order t o  average ac(o) from t h e  HF 
l i m i t  ac(HF), obtained using a c ( i )  above, t o  t h e  e f f e c t i v e  
experimental value, ac(exp) , requires hopping o r  d i f f u s i o n  over N= 
ac(HF)/ac(exp) s i t e s  w i t h i n  the  experimental observat ion time. A 
d i f f u s i o n  c o e f f i c i e n t  can be obtained fo r  a s i t e  hopping model o r  
f o r  Brownian d i f f u s i o n  o f  t he  domain w a l l .  For U i n  t h e  range 
O<U<3eV and fo r  an experimental observation t ime o f  "fi-', where 'y1 

i s  t he  nuclear Larmor frequency which equals %/2n, = 3.1 MHz, we 
obtained 0 I - ( 1 - 2 ) ~ 1 0 ' ~  cm2/sec f o r  Brownian d i f fus ion .  
simple two s i t e  hopping model, the  hop r a t e  k = 
2x108 sec" so t h a t  DI =b2k=4x10'8 cm2/sec, (b=1.4x10' cm). Note, 
t h a t  a t  t h i s  temperature, these values o f  DI a re  2 t o  3 orders o f  
magnitude less  than previous estimates15. 

(i;;; gp : - 
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