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ABSTRACT

COMPLEX FORMATION BETWEEN 2-POLYVINYLPYRIDINE 

AND IODINE IN SOLUTION AND IN THE SOLID-STATE

by

STUART BRYAN WILENSKY 

ADVISOR: PROFESSOR SEYMOUR ARONSON

A s tu d y  w as made on th e  ionic eq u ilib ria  of 

2 -p o ly v in y lp y rid in e (2 -P V P y ) an d  iod ine, an d  p y r id in e (P y )  and  

iodine in 1 ,2 -d ich lo ro e th a n e . A s ig n if ican t d iffe re n c e  w as found  

betw een  f re sh ly  p re p a re d  and  s to re d  so lu tio n s . E xperim en tal d a ta  

fo r  th e  s to re d  so lu tions w ere re p ro d u c ib le  an d  c o n s is te n t.

EMF m easurem en ts  on cells of th e  ty p e

P t | I 2 (C ) ,T E A I(C 1 ) ,2 -P V P y (C 2) in  1 ,2  DCE| | 

I 2 (C ) ,2 -P V P y (C 2) in  l ,2 -D C E |P t 

w here  TEAI is te traethylam m onium  iod ide, w ere p e rfo rm ed . For th e  

p ro p o sed  d issoc ia tion  of th e  m olecular com plex, th e  d e g re e  of ion iza­

tion  and  th e  equ ilib rium  c o n s ta n t w ere c a lc u la te d . C o n d u c tiv ity  and  

c o n ce n tra tio n  cell m easu rem en ts y ie lded  ad d itio n a l in form ation . 

Solu tions of P y - I 2  a s  well as so lu tions of 2 -P V P y -I2  w ere  s tu d ie d .



S o lid -s ta te  sam ples of iodine com plexed w ith  2-PV Py, p y ro lized  

p o ly a c ry lo n itr ile , p y re n e , an d  p e ry le n e  w ere  exam ined . EMF d a ta  

on so lid -s ta te  cells of th e  ty p e

P t | I 2 (c) | A gl | Ag |P t  

w here  I 2 (c) r e p re s e n ts  p u re  o r  com plexed iod ine, w ere  o b ta in ed . 

T he therm odynam ic a c tiv ity  of iodine a s  a  fu n c tio n  of iodine co n ten t 

w as d e te rm in ed . R e su lts  in d ica te  th a t  th e  chem ical b o n d in g  betw een  

iodine an d  th e  polym er is re la tiv e ly  w eak. E lec trica l co n d u c tiv ity  

d a ta  show  a  s tro n g  d ep en d en ce  of co n d u c tiv ity  on th e  iodine co n ten t 

of th e  com plex. E lec tro n  sp in  re so n an ce  s p e c tra  h av e  b een  collected  

to  f u r th e r  c h a ra c te r iz e  th e  sy stem s.
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Chapter 1 

INTRODUCTION

D u rin g  th e  p a s t tw e n ty  y e a rs ,  a g re a t deal of in form ation  has 

b een  p ro d u ced  on m olecular c h a rg e  t r a n s f e r  com plexes, in c lu d in g  a 

n um ber of p a p e rs  on th e  p y rid in e -io d in e  m olecular com plex. S olu­

tio n s  of iodine d isso lv ed  in  p y rid in e  h av e  e lec tr ic a l co n d u c tiv itie s  

sim ilar to  th o se  of aq u eo u s sa lt  so lu tio n s . T he  ionic n a tu re  of th e se
1-7

so lu tions has  b een  th e  focus of m uch in v e s tig a tio n

L ittle  a tte n tio n  h a s  b een  paid  to  p y rid in e -io d in e  (P y -I2) 

com plex form ation in  m ixed so lv en ts  of p y rid in e  w ith  o th e r  o rg an ic  

liq u id s . No in v e s tig a tio n s  have b een  made com paring th e  P y - ^  

system  and  th e  p o ly v in y lp y rid in e -io d in e  (P V P y -^ )  sy stem . Such a 

com parison perfo rm ed  in  some common so lv en t could  p ro v e  in te r ­

e s t in g . In ad d itio n , com parison  of th e se  sy stem s w ith  P y - ^  i*1 p u re  

p y rid in e  m ight he lp  an sw er some long  s ta n d in g  q u es tio n s  on th e  

p y rid in e -io d in e  com plexation th a t  a re  s till no t re so lv e d .

Q
In  a re c e n t in v e s tig a tio n , A ronson  e t  al o b ta in ed  inform ation  

on ionic eq u ilib ria  in f r e s h  P y - ^  so lu tions w ith  h ig h  iodine co n cen ­

tra t io n s  u s in g  electrochem ical cell m easu rem en ts. E lectrochem ical 

cells of th e  ty p e

P t | I 2 (C ),K I in  P y | | I 2 (C) in P y |P t  ( 1 ) 

w ere  u tiliz ed , w here  C re p re s e n ts  th e  nominal co n ce n tra tio n  of 

elem ental iodine in  p y r id in e . A simple m echanism  fo r  th e  ionization



1 3  6  7of P y l2 m olecular com plex w hich w as p rev io u s ly  p ro p o sed  ' ’ ' was 

a p p lie d .

2I2 = I + ♦ I3 - (2)

I 2  in  R eaction  2 is m ost lik e ly  to ta lly  in  th e  m olecular com plex form

P y l2  . T he ca tio n , I +, may be in  th e  form  P y 2 l + o r  P y I+> w ith  th e

form er m ost like ly  p re s e n t  in  p u re  p y rid in e .

R esu lts  have in d ica te d  th a t  8%-18% ionization  of th e  P y l 2

o c c u rs . V alues of th e  equ ilib rium  c o n s ta n t of R eaction  2 ra n g in g
-3 -2from  2 X 10 to  1 X 10 a re  re p o r te d . M odification of th e

p ro p o sed  m echanism  may be n e c e ssa ry  as in d ica te d  b y  th e  v a ria tio n  

of th e  equ ilib rium  c o n s ta n t.

In  th is  s tu d y , we em ployed th e  same ty p e  of e lectrochem ical

cell m easurem en ts  in  s tu d y in g  ionic e q u ilib r ia  of

2 -p o ly v in y lp y rid in e -io d in e  (2 -P V P y -I2 ) in  1 ,2  d ich lo ro e th an e

(1 ,2-D C E). C om parable so lu tions of P y ^  in  1 ,2-DCE h av e  also

been  s tu d ie d . A s ig n if ican t d iffe re n c e  is fo u n d  be tw een  f re s h  and

s to re d  so lu tions of 2 -P V P y -I2  and  P y - ^  *n  1 ,2-DCE. For s to re d

so lu tions th e  ex p erim en ta l d a ta  a re  c o n s is te n t an d  re p ro d u c ib le .

R e su lts  in d ica te  th a t  23%-24% ionization  of P y l 2  an d  2-P V P yI2  o ccu rs

an d  th a t  th e  value  of th e  equ ilib rium  c o n s ta n t fo r  R eaction  2 is  
-2  -22 X 10 to  3 X 10 . S tu d ie s  of c o n d u c tiv ity , u ltra v io le t-v is ib le

sp e c tro sc o p y  an d  iodine co n ce n tra tio n  cell m easurem en ts  have 

y ie lded  some ad d itio n a l in fo rm ation .



We have  also  s tu d ie d  th e  2 -P V P y-I2  com plex in  th e  so lid -s ta te . 

We h av e  u se d  so lid -s ta te  e lectrochem ical cells of th e  ty p e  

P t | I 2 (c) | A gl | Ag | P t (3)

in  ob ta in in g  inform ation  on th e  therm odynam ic a c tiv ity  of iodine in 

th e  com plex. C om parison of th is  d a ta  h as  b een  made to  sim ilar 

m easurem en ts on o th e r  iod ine c h a rg e  t r a n s f e r  com plexes, in c lu d in g  

p y ro lized  p o ly a c ry lo n itrile  (P P A N ). A sim ilar f e a tu re  of th e  s t r u c ­

tu r e  of PPAN an d  2-PV Py is th a t  th e  n itro g e n  atom s form  p a r t  of an  

a lte rn a tin g  system  of doub le  an d  sing le  b o n d s . In  th e  case of 

2-PV Py th e  a lte rn a tio n  o c c u rs  only  in th e  in d iv id u a l p y r id y l g ro u p s .

T he therm odynam ic d a ta  o b ta in ed  is  c o n s is te n t w ith  p rev io u s ly  

re p o r te d  d a ta  availab le  on some of th e  iod ine c h a rg e  t r a n s f e r  

complex sy stem s s tu d ie d . E lec trica l co n d u c tiv ity  d a ta  an d  e lec tro n  

sp in  reso n an ce  d a ta  h av e  also  b een  o b ta in ed .



Chapter 2 

EXPERIMENTAL

2.1  CHEMICALS

M aterials w ere p re p a re d  an d  p u rif ie d  as  follows:

F ish e r  c e r tif ie d  ACS g ra d e  p y rid in e  w as allow ed to  s ta n d  o v e r 

solid  p o tassium  h y d ro x id e  fo r  s e v e ra l d a y s , th e n  re f lu x e d  o v e r 

calcium  h y d r id e  fo r  s e v e ra l h o u rs , an d  th e n  re p e a te d ly  d is tilled  

from  f re s h  p o rtio n s  of th e  h y d r id e  w ith  a bo iling  p o in t 115-116 °C  a t  

760 to r r .  T h is  p ro c e d u re  su fficed  to  g ive a h ig h ly  p u rif ie d  an d  

a n h y d ro u s  p y rid in e  w hose specific  co n d u c tiv ity  w as below 

1 X 10 ^ (ohm-cm )

F ish e r  c e r tif ie d  ACS g rad e  ben zen e  an d  o rth o d ich lo ro b en zen e  

w ere each  s t i r r e d  w ith  c o n c e n tra te d  su lfu r ic  ac id , w ashed  re p e a te d ly  

w ith  w a te r  an d  d is tille d  from  barium  ox id e . T h e  bo iling  p o in t of 

p u rif ie d  ben zen e  was 8 0 .0 -8 0 .5  °C  . T he  bo iling  p o in t of p u rif ie d  

o rth o d ich lo ro b en z en e  w as 181-182 °C  a t  760 to r r .

F ish e r  c e r tif ie d  ACS g ra d e  1 ,2 -d ich lo ro e th a n e  was d r ie d  o v e r 

calcium  h y d r id e  fo r  se v e ra l d a y s , th e n  re f lu x e d  o v e r calcium  

h y d r id e  fo r one d ay  a n d  re p e a te d ly  d is tille d  from  f re s h  p o rtio n s  of 

th is  h y d r id e . A m iddle f ra c tio n  was co llec ted . T h is  gave a p u re ,  

a n h y d ro u s  p ro d u c t w ith  a norm al bo iling  p o in t of 8 2 .9 -8 3 .1  °C  .



F ish e r  la b o ra to ry  g ra d e  resub lim ed  iodine w as resub lim ed  tw ice 

an d  k e p t in  a d e s ic a to r  o v e r  a n h y d ro u s  co p p er su lfa te  u n til  u se d .

G rap h ite  pow der, SP-1 g ra d e , w as p u rc h a s e d  from  T he 

N ational C arbon  Com pany (U nion C a rb id e ) . T etraethylam m onium  

iod ide, s ilv e r  iodide, an d  pow dered  s ilv e r  m etal w ere o b ta in ed  in  

h ig h  p u r i ty  from  Alfa C hem icals.

T he chem icals p y re n e  ( P y r ) ,  p e ry le n e  (P e ) , p o ly ac ry lo n itrile

(PAN) an d  2-p o ly v in y lp y rid in e  (2-PV Py) w ere o b ta in ed  in  th e

h ig h e s t commercial g ra d e s  availab le  from  A ld rich  Chemical Com pany.

S tru c tu re s  of th e se  su b s ta n c e s  a re  p re s e n te d  in  F ig u res  1, 2 an d  3.

PAN w as h e a te d  in a sea led , ev ac u a ted  P y re x  tu b e  fo r sev en  d a y s

a t 180 °C  an d  was su b se q u e n tly  h e a te d  in  a pum ping vacuum  a t

250 °C  fo r six  h o u rs . T h is  m ateria l we d e s ig n a te d  as  PPAN-1. A

p o rtio n  of th e  PPAN-1 w as f u r th e r  h e a te d  in  a pum ping vacuum  a t

350 °C  fo r  th re e  h o u rs  an d  is d e s ig n a te d  as PPAN-2. E lem ental

an a ly sis  on PPAN-2 a n d  PPAN-1 sam ples w ere perfo rm ed  b y

S chw arzkopf M icroanalytical L ab o ra to ry  of W oodside, New Y ork .

T he  com positions of PPAN-1 an d  PPAN-2 w ere found  to  be

CgH-jNQ gg an d  4 4 ^  90 r  e s Pec * * ve*y • S p ec tra  of PPAN-1 and

PPAN-2 o b ta in ed  on a P e rk in  Elmer Model 267 G ra tin g  In f ra re d

S p ec tro p h o to m eter show ed th e  a b so rp tio n  p eak s  c o rre sp o n d in g  to  
g

cyclized  PAN . T he p e a k s  fo r PPAN-2 w ere g en era lly  b ro a d e r . We 

can  conclude from  th e  d a ta  th a t  PPAN-1 an d  PPAN-2 a re  p rim arily



cyclized  PAN. PPAN-2 h as  been  d e g ra d e d  som ewhat b y  tre a tm e n t a t 

th e  h ig h e r  te m p e ra tu re , re s u lt in g  in  a lo ss  of n itro g e n  and  

h y d ro g e n .
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F igu re  2:
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2.2 PREPARATION OF IODINATED SOLID SAMPLES

P relim inary  in form ation  on th e  u p ta k e  of iodine b y  PPAN-1, 

PPAN-2 and  2-PV Py w as o b ta in ed  b y  enclosing  sam ples of each  in 

ev acu a ted  P y rex  tu b e s  w ith  iodine a t 90 °C  fo r  48 h o u rs . T he 

polym er an d  iodine w ere in  co n tac t only  th ro u g h  th e  v a p o r p h ase . 

T he  experim en ta l cell s e t u p  is  p ic tu re d  in  F ig u re  4. T he am ount 

of iodine ab so rb e d  (moles of ^  p e r  mole re p e a tin g  polym er u n i t ) ,  as 

m easu red  b y  w eigh t in c re a se , was 0 .9 -1 .0  fo r  PPAN -1, 1.0-1.1 fo r 

PPAN-2 an d  2 .2 0 -2 .4 0  fo r  2-PV Py.

D esignated  com positions of P y r e n e - ^ ,  P e r y le n e - ^ ,  P P A N -l-^  

an d  P P A N - 2 w e r e  p re p a re d  b y  m ixing w eighed  am ounts of iodine 

an d  o rg an ic  su b s ta n c e s , an d  ann ea lin g  in  sea led , ev ac u a ted  tu b e s  

fo r 48 h o u rs  a t 90 °C  . In  th e  case of 2 -P V P y -l2 , th e  iod ine- 

polym er m ix tu res  w ere ann ea led  e i th e r  a t 50 °C  fo r fo u r d ay s ,

70 °C  fo r  th re e  d a y s , 90 °C  fo r two d ay s  o r  150 °C  fo r  one d ay .



To vacuum

Stopcock

( r

Sample to  be  iod inated

P y re x  g lass  sp a c e r

Solid iodine

Figure 4: Apparatus for the preparation of iodinated samples



2.3 ELECTROCHEMICAL MEASUREMENTS ON SOLID-STATE SAMPLES

For th e  electrochem ical cell m easu rem en ts , a  sample of 

pow dered  iod ine, o r  iod in a ted  h y d ro c a rb o n  o r  polym er w as mixed 

w ith  g ra p h ite  an d  w as p re s s e d  in to  a p e lle t u s in g  a  P a r r  p e lle t 

p r e s s .  T he  g ra p h ite  s e rv e d  a s  an  in e r t ,  e lec trica lly  co n d u c tin g  

medium. T he electrochem ical cells w ere  assem bled  in  two p a r ts .  A 

la y e r  of s ilv e r  iodide pow der w as p re s s e d  on top  of a la y e r  of 

p re s s e d  s ilv e r  pow der. T he  iod in a ted  polym er o r  h y d ro c a rb o n  pe lle t 

w as p laced  on top  of th e  A g-A gI p e lle t an d  th e  two p e lle ts  w ere 

com pressed  b y  s p r in g s  betw een  p ieces of p la tinum  foil a tta c h e d  to  

p la tinum  le a d s . T he cell is  p ic tu re d  in  F ig u re  5. EMF m e asu re ­

m ents a t  room te m p e ra tu re  w ere made u s in g  a K eith ley  602 e lec tro n ic  

m ultim eter. R ead ings on a sam ple w ere co n tin u ed  u n til s te a d y  r e a d ­

in g s  w ere o b ta in ed  fo r a half h o u r . M easurem ents w ith  v a ry in g  

am ounts of g ra p h ite  m ixed w ith  th e  o rg an ic  com ponent confirm ed 

th a t  th e  vo ltage  m easu red  w as in d e p e n d e n t of g ra p h ite  c o n te n t, 

w ith in  w ide lim its. T he  re p ro d u c ib ili ty  of v o ltage  re a d in g s , ta k in g  

in to  acco u n t d a y - to -d a y  vo ltage  ch an g es on th e  same sam ple, and  

v a ria tio n s  from  sample to  sam ple of th e  same com position p re p a re d  

se p a ra te ly  w as g en e ra lly  w ith in  ± lOmV.



Figure 5:
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2 .4  SPECTRAL MEASUREMENTS

U ltrav io le t-v is ib le  ab so rp tio n  m easurem en ts  on liq u id  sam ples 

w ere made w ith  a C ary  17 sp ec tro p h o to m e te r u s in g  c lea r , q u a r tz  

cells of 1 0 mm and  2 mm th ic k n e s s .

E lec tron  sp in  re so n an ce  s p e c tra  w ere  o b ta in ed  on a  V arian  

Model E-9 E lec tron  Spin  R esonance S p ec tro m ete r u s in g  4mm, q u a r tz  

ESR tu b e s .

2 .5  ELECTROCHEMICAL AND CONDUCTIVITY MEASUREMENTS ON

SOLUTIONS

T he electrochem ical m easurem en ts w ere  made in  a

2-com partm ent "H" ^ell in  w hich sep a ra tio n  of th e  com partm ents was 

e ffec ted  b y  a f in e - f r i t  d isk . B oth com partm ents w ere filled  to  th e  

same leve l. P ieces of p la tinum  foil a tta c h e d  to  p la tinum  w ire leads 

w ere in s e r te d  in to  each  com partm ent to  s e rv e  as  e le c tro d e s . V oltage 

m easurem en ts w ere  made w ith a K eith ley  Model 160B d ig ita l 

m ultim eter. T he cell d e s ig n  is show n in F ig u re  6 . All m e asu re ­

m ents w ere made in a c o n s ta n t te m p e ra tu re  w a te r b a th  re g u la te d  to  

25.0+ 0 .1  °C  .

C o n d u c tiv ity  m easurem en ts  w ere made u s in g  a s ta n d a rd  

co n d u c tiv ity  cell w ith  p la tinum  e le c tro d e s  an d  a YSI Model 31 

co n d u c tiv ity  b r id g e . T he  cell c o n s ta n t was d e term ined  to  be

-14-



0.1037cm ^ u s in g  a 0.02000 Normal so lu tion  of po tassium  ch lo ride  a t

25 .0  °C  .

T he  p la tinum  e le c tro d e s  an d  cells w ere c leaned  b y  im m ersion 

in  h o t c o n c e n tra te d  n it r ic  ac id , and  th e n  in  c lean ing  so lu tion  fo r 

s e v e ra l d a y s . T he  e le c tro d e s  w ere th e n  re p e a te d ly  r in s e d  w ith  

d is tille d  w a te r  an d  le f t s ta n d in g  in d is tilled  w a te r fo r  s e v e ra l d a y s .

All so lu tions of iod ine an d  p y rid in e  an d  iodine an d  po ly v in y l- 

p y r id in e  w ere  p re p a re d  ju s t  b e fo re  th e  f i r s t  m easurem en t of a p ro p ­

e r ty .  M easurem ents of th a t  p ro p e r ty  w ere ta k e n  fo r f re s h  so lu tions 

an d  th e n  made a t  in te rv a ls  of one d a y , th re e  to  fo u r  d a y s , one 

w eek, two w eeks, th re e  w eeks, e t c . ,  fo r  a to ta l time of one m onth . 

All s to re d  so lu tio n s  w ere p ro te c te d  b y  sea ling  f la sk s  w ith  Parafilm  

(A m erican Can C o m p an y ).

T he  te rm  "nom inal co n cen tra tio n "  w hen u sed  in  con junction  

w ith  e i th e r  o r te traethylam m onium  iodide is th e  num ber of moles 

of I 2  o r  te traethy lam m onium  iodide ad d ed  to  a l i te r  of so lu tion . T he 

d issoc ia tion  an d  in te ra c tio n s  of an d  te traethylam m onium  iodide in 

so lu tion  a re  no t in c lu d ed .



DVM

□ □

w w

F ig u re  6 : Cell fo r e lec trochem ical m easurem en ts of so lu tions



C hap ter 3

3 .1  COMPLEXES OF PYRIDINE AND POLYVINYLPYRIDINE IN

SOLUTION

3 .1 .1  E quilibrium  C o n s tan ts  fo r  Com plexation

T he com plexation of p y rid in e  b y  iodine may be w ritte n  

Py + I2  = P y l2  (4)

T he equ ilib rium  c o n s ta n t fo r  th is  reac tio n  may be  w ritte n

Keq = tP y I 2 ] / [ P y l [ I 2 ] (5)

A nalogous e x p re s s io n s  may be w ritte n  fo r  th e  form ation of 2 -P V P yl2  .

S ets of so lu tions w ere p re p a re d , each  h av in g  th e  same in itia l

-4iodine c o n ce n tra tio n , app rox im ate ly  9 X 10 M. T he co n ce n tra tio n  

of p y rid in e  o r 2 -p o ly v in y lp y rid in e  was th e n  v a r ie d  in  each  so lu tion , 

ra n g in g  from 2 X 10 ^ M to  4 ,5  X 10 ^ M. T he v is ib le  s p e c tra  of 

each  of th e se  so lu tions was th e n  o b ta in ed . T he r e s u l ts  of su ch  an  

ex p erim en t fo r 2 -P V P y -I2  in  b enzene  is show n in  F ig u re  7. Similar 

s e ts  of sp e c tra  a re  o b ta in ed  fo r  so lu tions of P y - ^  *n ben zen e . 

S p e c tra  of f re s h ly  made so lu tions of P y - ^  an d 2 -P V P y-I2  in

1 , 2  d ich lo ro e th an e  o r  o rth o d ich lo ro b en zen e  a p p e a r  q u a lita tiv e ly  

sim ilar to  th o se  o b ta in ed  in  b en zen e .

We have u sed  th e  te ch n iq u e  of McKinley e t  a l ^ ,  who made u se  

of th e  K ete laa r eq u a tio n  to  de term ine equ ilib rium  c o n s ta n ts .

- z t ] -  H /C d ] [1 /K e q l « l 2  - *0U  ♦ 1 / I « l 2  - «C1 ( 6 ) 
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where

gj. = a p p a re n t m olar a b so rp tiv ity  of 1^

e and  e t = m olar a b so rp tiv itie s  of th e  com plex an d  I„ 
°  l 2

re sp e c tiv e ly

K = equ ilib rium  co n s ta n t of com plexation

= c o n ce n tra tio n  of p y rid in e  o r  2 -p o ly v in y lp y rid in e  

A p lo t of l / [ E j  - £>p] v s  1 /C j  g ives a s t r a ig h t  lin e . From th e  

slope and  in te rc e p t a  va lue  of K is d e te rm in ed . Exam ples of 

th e se  p lo ts a re  show n in F ig u re s  8  an d  9.

Equilibrium  c o n s ta n ts  of form ation fo r P y ^  anc  ̂ 2 -P V P yl2  w ere 

d eterm ined  in  b en zen e , 1 , 2  d ich lo ro e th an e , and  o rth o d ich lo ro b en - 

zene. A le a s t s q u a re s  an a ly sis  was em ployed to determ ine th e  y - in -  

te rc e p ts  and  th e  s lo p es . T he form ation c o n s ta n ts  ob ta in ed  a re  

p re se n te d  in  T ab le 1.

Almost id en tica l v a lu es  of K fo r P y ^  anc* 2 -P V P yl2  a re

o b ta ined  in b en zen e . K v alues  fo r P y l0  in each  of th e  o th e r  twoeq  2

so lv en ts  a re  double th e  v a lu es  fo r 2 -P V P y l2  .



as  I 2  = 9.068 X 10_4.M 2-PV Py = 4.526 X 10_2M 

b s I 2  = 9.068 X 10_4M 2-PV Py = 2.263 X 10_2M

g

1.584 X io "2m

9.053 X io ' 3m

4.526 X 1 0 ' 3m

2.263 X 1 0  "3m

9.068 X io ‘ 4m

Molar A b so rp ti

400 550 600450 500

W avelength (nm)

F ig u re  7: V isible s p e c tra  of 9.068 X 10 iodine w ith  v a rio u s

co n ce n tra tio n s  of 2 -p o ly v in y lp y rid in e  in benzene

.-4 .
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F ig u re  8 : [1 /fC j - et ] ]  X 103  v s  1 /C d fo r  9 .068 X 10_4M I2  w ith
2

v a rio u s  2-PV Py c o n c e n tra tio n s  in  b en zen e
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F ig u re  9: [1 / [Cj - et ] ] X 103  v s  1 /C d  fo r  9.133 X 10-4M I 2  w ith
2

v a rio u s  P y  co n c e n tra tio n s  in  b enzene
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TABLE 1

E quilib rium  C o n s tan ts  of Form ation

Solvent 2-PV PyI2  P y l 2  P y l2

K a K a K beq  eq  eq

b en ze n e 0  72.2 72 .6  82.9

1,2 d ich lo ro e th an e  119 233 189

o rth o d ich lo ro b en zen e  155 318 367

g
E xperim ental va lues 

^ L ite ra tu re  re p o r te d  v a lu es

cV alues of K in ben zen e  h av e  no t b een  c o rre c te d  fo r b enzene  eq
iodine com plex form ation .



3.1.2 Electrochemical Measurements in Solution

20M ulliken s u g g e s ts  th a t  w hen iodine is  d isso lv ed  in p y rid in e ,

th e  p rim ary  reac tio n s  to  be co n s id e re d  a re

fa s t
Py + I 2  = P y l2  " o u te r  com plex" (4)

slow + _
P y l2  = P y l I " in n e r  com plex" (4a)

+ - fa s t  +
P y l I = P y l + I (4b)

w here  th e  "o u te r  com plex" is a m olecular com plex an d  th e  " in n e r

com plex" is  e s se n tia lly  an  ion p a ir .  T he th i rd  s te p  i l lu s tra te s

d issocia tion  of th e  ion p a ir  a s s is te d  b y  a po la r medium, in th is  case

p y r id in e .

In c o n s id e rin g  th e  p ossib le  modes of in te ra c tio n  of p y rid in e  

w ith  iod ine, M ulliken be liev es  th a t  th e  e n e rg y  of in te ra c tio n  in 

p a s s in g  from "o u te r  com plex" to  " in n e r  com plex" m ust overcom e an 

e n e rg y  b a r r ie r  of co n s id e ra b le  h e ig h t. T h is  would ex p la in  th e  slow 

in c re a se  w ith  time of th e  e lec tr ic a l co n d u c tiv ity  of P y - ^  so lu tions.

We s u g g e s t th e  following se t of re a c tio n s  fo r 2 -P V P y-I2  and  

P y - I 0  in  1,2 d ic h lo ro e th a n e , a m odified v e rs io n  of th e  M ulliken 

fo rm u la tio n .

f cist
Py + I 2  = "o u t e r  com plex" (4)

slow + -
P y l2  = P y l I " in n e r  com plex" (4a)

+ .  fa s t +
2PyI I = P y 2I + i 3  (4c)
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We will assum e th a t  th e  equ ilib rium  of R eaction  4a lies f a r  to  th e  

r ig h t .  T h is  sim plifies o u r  calcu la tions a n d  seem s reaso n ab le  based  

on th e  co n sis te n cy  an d  re p ro d u c ib ili ty  of o u r  d a ta . In  R eaction  4c 

we have p o s tu la te d  form ation  of 1^ r a th e r  th a n  I , since a t 

m oderate  to  h ig h  c o n c e n tra tio n s  of iod ine, th is  is  w hat is 

e x p e c te d . ^ ® ^

In  o u r  tre a tm e n t of d a ta  from  electrochem ical cells  of th e  ty p e  

P tll^ C .M b T E A IfC ^ M J .X C C ^ M ) in  1 ,2 -D C E | | 

I2 (C ,M ),X (C 2 ,M) in l ,2 -D C E |P t (7)

w here

X = 2 -p o ly v in y lp y rid in e  o r  p y rid in e  

TEAI = tetraethy lam m onium  iodide

1,2-D CE = 1,2 d ich lo ro e th an e

C = nominal c o n ce n tra tio n  of elem ental iodine in  1,2-D CE 

= nom inal co n c e n tra tio n  of ad d ed  TEAI 

C2  = nominal c o n ce n tra tio n  of X in  1,2-D C E 

We assum e th a t  all th e  I 2  is in its  com plexed form ; th a t  is  th e  

reac tio n

X + I2  = XI2  (8 )

goes to  com pletion. T he  equ ilib rium  c o n s ta n ts  a t  room te m p era tu re
2 2 fo r  E quation  8  a re  in  th e  ra n g e  of 1.2 X 10 L/mole an d  2 .3  X 10

L/mole fo r  2 -P V P y-I2  a n d  P y - ^  *n  1,2-D C E re sp e c tiv e ly . We also

assum e th a t th e  reac tio n

TEAI + XI2  = TEA* + I3" + X (9)
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goes to  com pletion. On th e  b as is  of th e  equ ilib rium  c o n s ta n ts  of

form ation of th e  com plexes and  inform ation  in  th e  l i te r a tu re  on th e
11 12equ ilib rium  c o n s ta n t fo r  R eaction  9 ’ ,b o th  of th e se  assum ptions

a p p e a r  rea so n ab le . TEAI is u sed  r a th e r  th a n  sodium  o r po tassium  

iodide b ecau se  of i ts  h ig h e r  so lub ility  an d  d isso c ia tio n  in  1 ,2-D C E.

We have ob ta in ed  inform ation  on  th e  equ ilib rium  reac tio n  in

1,2-DCE

2XI2  = X2 I + + I3" (4d)

w here  th e  equ ilib rium  c o n s ta n t may be e x p re s s e d

Keq  = I*X / 1  [ % - ’ /  O x l /  <10>
If th e  co n ce n tra tio n  of X I2  is k e p t app rox im ate ly  c o n s ta n t, th e n

K ' = Ke q  [“ X l /  = Ia X U * l  ‘V  < U )

V irtu a l e lec trochem ical h a lf-c e ll re a c tio n s  fo r  ce lls  of th e  ty p e

d e sc r ib e d  b y  Line D iagram  7 may be w ritte n

3X(1) + X I2 (1) - 2e~ = 2X2 I+(1) (12)

2X2 I +(2) + 2e" = XI2 (2) + 3X(2) (13)

w here  h a lf-c e ll 1 h as  TE A I(C ^) an d  h a lf-c e ll 2 co n ta in s  no TEAI.

T he c o n ce n tra tio n s  of I2 , a s  well as  X, a re  assum ed  to  be th e  same

in  b o th  h a lf-c e lls . T he ex p re ss io n  fo r th e  EMF, in  v o lts , of su ch  a

cell a t 25 .0°C  may be w ritte n

EMF = -.05916 log [ax  j+ ( l)  /  a x  J-+(2)] (14)
2 2

We d es ig n a te  th e  equ ilib rium  a c tiv ity  of X2 I + b y  th e  sym bol X 

w hen no TEAI is p r e s e n t  an d  b y  th e  sym bol Y w hen TEAI is



p re s e n t .  T he nom inal co n ce n tra tio n  of TEAI is  a n d  may be 

s u b s t i tu te d  fo r  a c tiv ity  in  th e  equ ilib rium  e x p re s s io n . A ssum ing th e  

d issoc ia tion  in  R eaction  4d to  be small

K' = Y(Y + C j)  = X2 (15)

X ,Y  an d  K' may be so lved  fo r b y  u tiliz in g  E q u a tio n s  14 a n d  15.

M easurem ents w ere  made on f r e s h  an d  s to re d  so lu tions a t 

25 .0°C  w ith  electrochem ical cells of th e  ty p e  d e sc r ib e d  b y  Line 

D iagram  7, w ith  th e  same nom inal c o n ce n tra tio n  of ^  an d  X in b o th  

h a lf-c e lls  an d  TEAI p re s e n t  in  one h a lf-c e ll. M easurem ents w ere 

perfo rm ed  u s in g  th e  two com partm ent "H ” ty p e  cell. A th re e  

com partm ent cell u s in g  . 2M tetraethylam m onium  p ic ra te  as a sa lt 

b r id g e  in th e  m iddle com partm ent show ed no d iffe re n c e  in  m easu red  

EMF v a lu es  and  le ss  conven ience w hen com pared to  th e  "H" ty p e  

cell.

In  th e  cells co n ta in in g  P y - ^  in  1,2-D CE, th e  p y rid in e  concen ­

tra t io n  ra n g e d  from  2.483 X 10 2M to  2.972 X 10 *M, an d  th e  iodine 

co n ce n tra tio n  ra n g e d  from  2.558 X 10 4M to  2.980 X 10 3 M. For th e  

2 -P V P y -I2  in  1,2-DCE ce lls , th e  2-PV Py c o n ce n tra tio n  ra n g e d  from  

2.536 X 10 2M to  2.979 X 10 *M and  th e  iodine c o n ce n tra tio n  ra n g e d  

from  2.708 X 10_4M to  2.963 X 10"3 M.

Upon in v e s tig a tio n , it was found  th a t  th e  a p p a re n t p e rc e n t 

ion ization  f i r s t  in c re a se d  w ith  time an d  th e n  lev e led  o ff a f te r  ab o u t



sev en  d ay s  fo r  th e  P y - ^  an£i 2 -P V P y -l2  sy stem s. T h is  b eh av io r

can  be seen  in  F ig u re  10. B ased  on th e se  m easurem en ts all r e s u l ts

re p o r te d  a re  fo r  so lu tio n s  s to re d  te n  d ay s  o r  m ore. Sim ilar r e s u l ts

have  been  o b ta in ed  fo r P y ^  in  p u re  p y r id in e , w here  th e  a p p a re n t

p e rc e n t ionization is fo u n d  to  in c re a se  ra p id ly  in  th e  f i r s t  few  d ay s
13an d  th e n  lev e ls  off in  app rox im ate ly  one week

U sefu l m easu rem en ts could be made on so lu tions s to re d  fo r  u p  

to  one m onth . U nstab le  vo ltag es  w ere o b se rv e d  fo r  cells p re p a re d  

from  so lu tions s to re d  m ore th a n  one m onth . One cause  may be th e  

d eh y d ro ch lo rin a tio n  of 1,2-D CE b y  p y rid in e  an d  p y rid in e  re la te d  

co m p o u n d s^  .

T yp ica l d a ta  o b ta in ed  on a cell u s in g  2 -P V P y -l2  in  1,2-DCE 

an d  a cell u s in g  P y - ^  *n  1,2-DCE a re  p re s e n te d  in  T ab les  2 an d  3 

an d  F ig u re s  11 an d  12 re sp e c tiv e ly . T he nom inal co n ce n tra tio n  of
_3

iodine in  b o th  cells was approx im ate ly  2 X 10 M. . T he nom inal 

co n ce n tra tio n s  of p y r id in e  and  2 -p o ly v in y lp y rid in e  w ere a p p ro x i­

m ately 2 X 10 . A dd itions of TEAI to  one h a lf-c e ll gave TEAI

nom inal co n ce n tra tio n s  betw een  1% and  1 0 % of th e  nom inal iodine 

co n ce n tra tio n . T he f i r s t  ad d itio n  to  th e  2 -P V P y -l2  cell gave a 

nom inal co n ce n tra tio n  of TEAI of 2.23 X 10 ^M. . T he EMF, m eas­

u re d  in te rm itte n tly  o v e r a p erio d  of fo r ty  m inu tes h ad  a  s te a d y  

value  of 1.25± ,03mV. T he nominal c o n ce n tra tio n  of TEAI was

in c re a se d  n ine  ad d itio n a l tim es an d  m easurem en ts of th e  EMF m ade.



C alcu la ted  v a lu es  of K 1 an d  X d ev ia te  s lig h tly  from  each  o th e r  b u t 

may be  co n s id e re d  c o n s ta n t w ith in  ex p erim en ta l e r r o r .  All e x p e r i­

m ental d a ta  w ere re p ro d u c ib le  an d  c o n s is te n t.

T he ca lcu la ted  a c tiv it ie s  of X2 I + an d  th e  p e rc e n t ion ization  of 

iodine b a se d  on R eaction  4d a re  p re s e n te d  in  T ab les  4 a n d  5. T he 

v a lu es  of th e  av e ra g e  p e rc e n t ion ization , 2 4 .1± 2.0% fo r  P y ^  an d 

2 3 .4± 1.8% fo r  2 -PV PyI2> a re  v e ry  close.

V alues of th e  equ ilib riu m  c o n s ta n t fo r th e  ion ization  of XI^ 

c o rre sp o n d in g  to  E quation  10 an d  R eaction  4d w ere  ca lcu la ted  from  

th e  d a ta  in  T ab les  4 an d  5. T he  a v e ra g e  v a lu es  fo r  P y ^  and  

2-PV PyI2  w ere .0254 ± .005 and  .0236 ± .004 re sp e c tiv e ly . T he 

v a lu es  fo r  b o th  th e  equ ilib riu m  c o n s ta n t an d  p e rc e n t ion ization  a re  

in  ex ce llen t ag reem en t w ith  th e  v a lues  o b ta in ed  fo r  P y ^  *n  p u re  

p y r id in e ^  .
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A p p aren t
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F ig u re  10: V ariation  of th e  a p p a re n t p e rc e n t ionization of

2 -p y p y i^  an d  P y ^  w ith time in 1 , 2  d ich lo roe thane
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TABLE 2

EMF d a ta  on th e  cell 

P t | I 2 (2.030 X 10"3M ),T E A I(C r M ),2-PV Py(.2034M ) | | 

I2 (2 .030 X 10"3M ),2-PV Py(.2034M ) |P ta 

C2  EMF Y K ' X

MX105  mV MX104  M2 X108  MX104

2.23 1.25 2.18 5.24 2.29

4.37 2.49 2 .04 5.07 2.25

6.43 3.72 1.92 4.90 2.21

8.42 4.91 1.81 4.79 2.19

10.3 6.03 1.V2 4.76 2.18

1 2 . 2 7.05 1.66 4 .80 2.19

14.0 8 .04 1.60 4.81 2.19

15.7 9.00 1.54 4 .80 2.19

17.3 9.95 1.48 4 .76 2.18

18.9 10.93 1.41 4.67 2.16

2 . 2 1 ± .028

Oxidation occurs on the  side of the  cell containing TEAI.



TABLE 3

EMF d a ta  on th e  cell 

P t | I 2 (2 .000 X 10~3M ),T E A I(C 1,M ),Py(.1986M ) | |

I 2 (2 .000 X 10~3 M ), P y ( . 1986M) |P ta 

Cx EMF Y K 1 X

MX105  mV MX104  M2 X108  MX104

2 . 2 0 1.25 2.15 5.11 2.26

4.32 2.46 2.05 5.06 2.25

6.35 3 .60 1.96 5.10 2.26

8.31 4.67 1.90 5.17 2.27

1 0 . 2 5.85 1.77 4.93 2 . 2 2

1 2 . 0 6.94 1 . 6 8 4.83 2 . 2 0

13.8 8 . 0 1 1.59 4.73 2.18

15.5 9.07 1.51 4.61 2.15

17.1 10.09 1.44 4.51 2.13

18.7 11.08 1.37 4.42 2 . 1 0

2.20+ .043

Oxidation occurs on th e  side of the  cell containing TEAI.
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F ig u re  11: EMF d a ta  on th e  ceil from  T ab le  2. T he

d ash ed  lin es  r e f e r  to  ad d itio n s  of TEAI
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F ig u re  12: EMF d a ta  on th e  cell from  T ab le  3. T h e

d ash ed  lin es  r e f e r  to  a d d itio n s  of TEAI
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TABLE 4

Sum m ary of d a ta  from  electrochem ical cells of th e  ty p e  

d e sc r ib e d  b y  Line D iagram  7

2-PV Py I 2  I + I2a  Equn 4da

Nominal Nominal A ctiv ity  Ion iza tion  Keq
Concn Concn MX104  % M2 X102

MX102  MX104

2.536 2.708 . 344± .013 25 .4 2.90

4.968 5.165 .607+ .087 25.1 2.36

1 0 . 0 0 1 1 . 1 2 1 .39± .087 25.1 2 .78

20.34 20.30 2 . 2 1 + .028 2 1 . 8 1.94

29.79 29.63 3 . 16± .034 21.3 1.84

23.4+1.7  2 .36±.48

A verage  v a lu es  ta k e n  a f te r  so lu tions a re  s to re d  fo r two w eeks.



TABLE 5

Summary of d a ta  from  electrochem ical cells of th e  ty p e  

d e sc r ib e d  b y  Line D iagram  7

Py I 2  I + I2a E qun  4da

Nominal Nominal A ctiv ity  Ionization  Keq
Concn C oncn MX104  % M2 X102

MX102  MX104

2.483 2.558 . 340± . 0 1 0 26.6 3 .28

4.965 4.920 . 546± .003 2 2 . 2 2.03

9.031 1 0 . 1 2 1 . 2 l± .033 24.0 2.47

19.86 2 0 . 0 0 2 . 2 0 + .043 2 2 . 0 1.99

29.72 29.80 3.80+ .075 25.5 2.93

2 4 .1±1.6 2.54+.56

A verage va lues tak en  a f te r  so lu tions a re  s to re d  fo r  two w eeks



3.1 .3  Ultraviolet-Visible Spectroscopy

We have u tilized  u v -v is ib le  sp e c tro sc o p y  to  exam ine d if f e r ­

en ce s  be tw een  f re s h  a n d  s to re d  so lu tions of P y - ^  *n 1 »2 ~DCE and  

2-P V P y-I2  in  1,2-DCE.

- 2
In  F ig u re  13 d a ta  a re  p re s e n te d  on so lu tio n s  of 4 .986 X 10 M

2-PV Py an d  5.165 X 10_4M I 2  in  1,2-DCE an d  4.965 X 10_2M P y  and  
-44 .920  X 10 M I 2  in  1,2-D CE, w here  th e  v a ria tio n  of m olar a b s o rp ­

t iv i ty  w ith  time is m on ito red . M olar a b s o rp tiv ity  is  d e fin ed  as  th e  

ab so rb a n c e  p e r  cen tim e te r p e r  m olar co n ce n tra tio n  of iodine.

T he  ab so rp tio n  p eak s  of th e  com plexes a t  365nm-367nm 

re a c h e d  a maximum in te n s ity  a f te r  te n  d a y s , an d  th e n  w ere e s s e n ­

tia lly  c o n s ta n t o v e r a p erio d  of two to  th re e  w eeks. T h is  r e s u l t  is 

in  ag reem en t w ith o u r  ion ization  d a ta  o b ta in ed  from  th e  e lec trochem ­

ical cell m easu rem en ts. T h is  maximum, as  well a s  th e  maximum a t
18300nm a re  know n to  be due to  tr io d id e  ion . T he  maximum a t

300nm does no t show a c lea r t r e n d  p o ssib ly  d ue  to  o th e r  spec ies

p re s e n t  w hich may also  a b so rb  in  th is  re g io n . e fo r  th e  p eak srricLX

a t  376nm a re  16,000 an d  10,000 fo r  2 -P V P y -I2  an d  P y - ^  re s p e c ­

tiv e ly . T he rea so n  fo r th e  d iffe re n c e  in molar a b so rp tiv ity  betw een  

P y - I 2  an d  2 -P V P y -I2  p re s e n te d  in  F ig u re  13 is unknow n a t  th is  

tim e. T h is  d a ta  a g re e s  well w ith  d a ta  on P y - ^  *n  p u re  p y rid in e  a t

h ig h  iodine co n ce n tra tio n s  w here  a  maximum a t 367nm w ith
13e =16,000 is  found  fo r so lu tions s to re d  a t  le a s t s ix  d ay s  . If we max ’ J
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com pare o u r  d a ta  to  th e  d a ta  ob ta in ed  in  p u re  p y rid in e  w ith  a

sim ilar iodine c o n c e n tra tio n , we see a g re a t  d iffe re n c e  in  th e
-4  -2sy stem s. F or iodine c o n ce n tra tio n s  of 10 M to  10 M in  p u re  p y r i ­

d ine a u v -v is  a b so rp tio n  is found  a t 367nm an d  300nm in  f re s h  so lu ­

tio n s . O ver a  p erio d  of ab o u t one w eek th e  peak  a t 367nm moves to

422nm. T he peak  a t 422nm is a t t r ib u te d  to  th e  un ion ized  P y ^
13m olecular com plex . In  o u r  so lv en t sy stem s fo r  Py an d  2-PV Py we

do no t o b se rv e  th e  p re se n c e  of th e  sp ec ies th a t  g iv es  r is e  to  th e

a b so rp tio n  a t 422nm in  p u re  p y rid in e .
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F ig u re  13: V aria tion  of m olar a b s o rp tiv ity  of P y - ^  an t  ̂ 2 -P V P y -l2

a t 365nm w ith  time
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3.1 .4  Conductivity Measurements

M easurem ents of co n d u c tiv ity  w ere made on  P y - ^  I*1 1,2-DCE 

a n d  2 -P V P y -l2  in  1,2-D CE. T h ese  a re  th e  same so lu tions fo r  w hich 

th e  e lectrochem ical cell m easurem en ts w ere m ade. T he  v a ria tio n  of 

spec ific  c o n d u c tiv ity  w ith  time fo r th e se  so lu tions a re  sum m arized in 

T ab les  6  an d  7 an d  in  F ig u re s  14 an d  15. T he  c o n d u c tiv ity  is 

o b se rv e d  to in c re a se  w ith  in c re a s in g  co n c e n tra tio n  an d  time a s  we 

w ould e x p e c t from  th e  e lectrochem ical cell d a ta . T he  co n d u c tiv ity  

lev e ls  off in  sev en  to  te n  d ay s  as  we w ould also  p re d ic t  from  o u r 

p re v io u s  d a ta .

T h is  r e s u l t  is in  m arked  c o n tra s t  to  th e  r e s u l t s  o b ta in ed  on

th e  c o n d u c tiv ity  of P y - ^  in p u re  p y r id in e . In  th is  sy stem  specific

co n d u c tiv ity  does no t lev e l off b u t  co n tin u es  to  grow  w ith  in c re a s in g

13time a f te r  sev en  d ay s  . C hang ing  so lv en ts  from  p y rid in e  to

1 ,2-DCE has  a p p a re n tly  re d u c e d  an y  side  re a c tio n s  o r  d e g rad a tio n  

re a c tio n s  th a t  th e  co n tin u a lly  r is in g  co n d u c tiv ity  of P y - ^  in  p y r i ­

d ine  has  been  a t t r ib u te d  to .

A p re d ic tio n  from  o u r  electrochem ical cell d a ta  w ould be a

lin e a r  d ep en d en ce  of co n d u c tiv ity  of s to re d  so lu tio n s  on iodine

co n ce n tra tio n . F ig u re  16 show s th is  to  be an  a c c u ra te  e x p ec ta tio n .

T h ese  d a ta  d if fe r  from  P y - ^  I*1 p u re  p y rid in e  w here  th e  re la tio n sh ip
13betw een  c o n d u c tiv ity  an d  iodine co n ce n tra tio n  is n o n lin ea r

-39-



TABLE 6

Sum m ary of d a ta  from  c o n d u c tiv ity  cells of 2 -P V P y -l2

2-PV Py

Nominal

Concn

MX102

* 2

Nominal

Concn

MX104

oQ X 105  

(ohm cm) *

o1  X 105  

(ohm cm) 4

o2  X 105  

(ohm cnt

2.536 2.708 .307 .558 .562

4.968 5.165 .436 .937 .934

1 0 . 0 0 1 1 . 1 2 .745 1.82 1.93

20.34 20.30 1.87 v 3.24 3.23

29.79 29.63 1.69 4.22 4.27

0 q= specific  co n d u c tiv ity  of f re s h  so lu tions 

o^= specific  co n d u c tiv ity  a f te r  two w eeks 

©2 = specific  co n d u c tiv ity  a f te r  fo u r  w eeks



TABLE 7

Summary of d a ta  from  c o n d u c tiv ity  cells of P y - ^

Py X2
oQ X 105 Oj X 105 0 2  X 105

Nominal Nominal

Concn Concn (ohm cm ) " 1 (ohm cm) 1 (ohm cm]

MX102 MX104

2.483 2.558 .236 .831 .845

4.965 4.920 .290 1.26 1.40

9.931 1 0 . 1 2 .226 2.07 2 . 0 2

19.86 2 0 . 0 0 .809 3.36 3.32

29.72 29.80 1.04 4.54 4.64

Oq= specific  c o n d u c tiv ity  of f re s h  so lu tions 

o^= specific  co n d u c tiv ity  a f te r  two w eeks 

0 2 = specific  co n d u c tiv ity  a f te r  fo u r w eeks
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F ig u re  14: V ariation  of spec ific  c o n d u c tiv ity  w ith  iodine co n cen ­

tra tio n  an d  s to ra g e  time fo r  2 -P V P y -l2  so lu tions
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F ig u re  15: V ariation  of specific  co n d u c tiv ity  w ith  iodine co n cen ­

tra t io n  a n d  s to ra g e  time fo r  P y-I_  so lu tions&
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F ig u re  16: V ariation  of sp ec ific  c o n d u c tiv ity  w ith  co n ce n tra tio n  of

I 2  fo r  2 -P V P y -l2  a n d  P y - ^  so lu tio n s  s to re d  fo u r  

w eeks

-44-



3.1.5 I2 Concentration Cell Measurements

C oncen tra tio n  cell m easurem en ts w ere made a t  25.0°C  on elec

trochem ical cells of th e  ty p e

P t i I 2 (C 1 ,M ), X (C,M ) in  1 ,2-D C E | | I 2 (C 2 >M), X (C 3 ,M) in

1 ,2-DCE | P t (16)

w here

C 1 an d  C„= d if fe re n t nominal co n ce n tra tio n s  of I

X= Py o r 2-PV Py

C an d  C3= nom inal co n c e n tra tio n s  of X

M easurem ents w ere  made u s in g  a two com partm ent "H" cell a f te r  th e  

use  of a th re e  com partm ent cell w ith  . 15M te traethylam m onium  

p ic ra te  in  th e  m iddle com partm ei\t show ed no a p p a re n t im provem ent 

in  th e  d a ta .

We may th e o re tic a lly  ca lcu la te  v a lues  of th e  EMF e x p ec ted  fo r 

th e se  ty p e s  of co n c e n tra tio n  ce lls , u s in g  th e  assum ption  th a t  the  

m echanism  e x p re s se d  in  R eactions 12 and  13 a re  p e r t in e n t .  For th is  

m echanism , assum ing  th a t  th e  com plex form ed is XI2 , we can w rite

w here  th e  ox idation  h a lf- re a c tio n  o ccu rs  on th e  side of th e  cell 

con ta in ing  th e  low er I 2  c o n ce n tra tio n . T he  o v era ll reac tio n  may be 

w ritte n

3X(low) + 2 I 3  (low) + 3XI2 (h ig h ) = 3XI2 (low) + 2I3 "(h ig h ) + 3X (h igh) (19)

- 4 5 -

3X(low) + 2I3  (low) = 3 X I 2 (1ow) + 2e (17)

and

3XI2 (h ig h ) + 2e = 2 I j (h ig h ) + 3X (h igh) (18)



T he th e o re tic a l EMF a t  25 .0°C  ca lcu la ted  u s in g  R eactions 19 an d  8  is 

EMFtheo = [.0 5 9 1 6 /2 ] loi  [[X I2 ( h ig h ) ] / [ X I 2 ( lo w ) ] ] [ [X ( lo w ) ] /[X (h ig h ) ] ] 3 (20)

A com parison betw een  th e o re tic a l v a lu es  of th e  EMF and  

ex p erim en ta l v a lu es  of th e  EMF fo r some se lec ted  so lu tions a re  

p re s e n te d  in  T ab les  8  an d  9. E xperim en tal v a lu es  a re  v e ry  u n s tab le  

in  f re s h  so lu tio n s, an d  in  poor ag reem en t w ith  th e  th eo re tic a lly  

p re d ic te d  v a lu e s . EMF v a lu es  a re  v e ry  s tab le  fo r  cells made from  

so lu tions s to re d  two w eeks o r  m ore, b u t  v a lu es  s till d if fe r  w idely 

from  th e  th e o re tic a l v a lu e s . T h ese  d isc re p a n c ie s  ind ica te  th a t  

p ro c e sse s  o th e r  th a n  th o se  d isc u sse d  may be ta k in g  p lace in  th e se  

so lu tio n s .

Cells of th is  ty p e  u s in g  p u re  p y rid in e  as  th e  so lven t give

experim en ta l v a lu es  w hich a re  m uch c lo se r to  th e  th e o re tic a lly
13p re d ic te d  v a lu es  fo r  h ig h  iodine c o n ce n tra tio n s  . F or com parable 

I2  c o n c e n tra tio n s , h ow ever, th e  ex perim en ta l v a lu es  in  p u re  p y r i ­

d ine  also  d iffe r  w idely from  th e o re tic a lly  p re d ic te d  v a lu e s . T he 

above r e s u l ts  in d ica te  th e  com plexity  of th e se  sy stem s.
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TABLE 8

EMF d a ta  on cells of th e  ty p e  

P t | I 2 (C 1 ,M ),X (C ,M ) in  1 ,2 -D C E | | I 2 (C 2 ,M ),X (C 3 ,M) in  l ,2 -D C E |P ta

P y  I2  P y  I 2  EMF EMF

Nominal Nominal Nominal Nominal E x p . Theo

C C j  C3 C 2 mV mV

M MX103  M MX103

.2972 2.980 .2972 1.490 39.5 9.22

46.2

32. r

.2972 2.980 ,2972 .745 83.2 18.23

90.5
61.5

O xidation  o c c u rs  on th e  side  of th e  cell w ith  th e  low er iodine 

c o n c e n tra tio n .

^ F re s h  so lu tions 

One w eek old so lu tions 

Two w eek old so lu tions



TABLE 9

EMF d a ta  on cells of th e  ty p e

P t | I 2 (C r M), X (C,M ) in 1,2-D C E l | I 2 (C 2 ,M ),X (C 3 ,M) in 1 ,2-DCE |

2-PVPy
* 2

2-PV Py
* 2

EMF EMF

Nominal Nominal Nominal Nominal E xp. Theo

C
C 1 C3 C 2

mV mV

M MX103 M MX103

.2979 2.963 2.979 1.482 2 1 . 7b 9 .10

47 .9°

3 0 .4d

.2979 2.963 2.979 .741 4 4 .8 b 18.10

7 9 .5C

53 .3 d

3
O xidation  o ccu rs  on th e  side  of th e  cell w ith  th e  low er iodine 

c o n c e n tra tio n . 

b F re sh  so lu tions
Q

One w eek old so lu tions 

Two w eek old so lu tions



3 .2  2 -POLYVINYLPYRIDINE-IODINE AND OTHER SOLID-STATE 

COMPLEXES

3 .2 .1  Electrochemical Measurements

EMF d a ta  w ere o b ta in ed  a t  25.0°C  on s o lid -s ta te  e lec trochem ­

ical cells of th e  ty p e

P t | I 2 (c) | A gl | Ag | P t (21)

I 2 (c) r e p re s e n ts  p u re  iodine o r  iodine com plexed in  v a ry in g  am ounts 

w ith  sev e ra l po lycyclic com pounds, P e ry len e  (P e ) , P y ren e  (P y r ) ,  

2-PV Py, and  th e  two ty p e s  of p y ro lized  p o ly a c ry lo n itr ile . We 

assum e th a t th e  e le c tro d e  re a c tio n s  a re

I 2 (c) + 2e" -  2 f  (A gl) (22)

2Ag - 2e" -*■ 2A g+ (A gl) (23)

T he o v era ll reac tio n  is

2Ag + I 0 (c) -  2AgI (24)
L i

We also  assum e th a t  all of th e se  rea c tio n s  a re  re v e rs ib le .  I t follows

from  s ta n d a rd  therm odynam ic re la tio n sh ip s  th a t

AGt =G (c) - G* = -n F [e>"- e] = RT In [a . / a " T ] (25)
2 2 2 2 2

w here

AGt = th e  re la tiv e  p a r tia l m olar free  e n e rg y  of iod ine; th e  
2

d iffe re n ce  betw een  th e  p a r tia l  m olar f re e  e n e rg y  of 

com plexed iodine an d  th a t of p u re  solid iodine 

n = th e  n um ber of e le c tro n s  t r a n s f e r r e d  

F = F a ra d a y 's  c o n s ta n t
j | c

e  =  EMF of the  cell using  p u re  solid iodine
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e  = EMF of th e  cell u s in g  com plexed iodine
sje

a T = therm odynam ic a c tiv ity  of p u re  iodine 
2

aT = therm odynam ic a c tiv ity  of com plexed iodine 
l 2

EMF d a ta  o b ta in ed  a re  shown in F ig u re  17. In  F ig u re  17 d a ta  

on P P A N - l-^ ,  an d  2 -P V P y -l2  a re  com pared to d a ta  on P y r - ^  an d  

P e - ^  . Note th a t  th e  b re a k s  in  th e  c u rv e s  fo r P P A N - l-^ ,  

PPA N -2 - I 2  and  2 -P V P y -l2  o ccu r a t  app rox im ate  com positions 

P P A N - l - QJ P P A N -2 -(I2 ) 1  0  an d  2 -P V P y -(I 2 ) 2  3  . T h ese

com positions c o rre sp o n d  to  th e  maximum u p ta k e  of iodine from  th e  

v a p o r . We may conclude th a t  th e  therm odynam ic a c tiv ity  of iodine 

a t an d  above th e se  com positions a p p ro ac h es  th a t  of p u re ,  solid 

io d in e . ,

■ F ree  e n e rg ie s  of form ation of th e  com plexes p e r  mole of 

iod ine, AG, w ere ca lcu la ted  by num erical in te g ra tio n  of th e  e x p re s -

0

w here X, is th e  mole fra c tio n  of com plexed iodine an d  X 'T is the  
2 2

mole fra c tio n  of iodine a t th e  com position w here  th e  therm odynam ic 

a c tiv ity  of iodine ap p ro a c h e s  th a t  of p u re  iodine. T h e  d a ta  in 

F ig u re  17 w ere e x tra p o la te d  to  a mole ra tio  of iodine to  o rg an ic  

su b s ta n c e  of ze ro , s in ce  th e  in te g ra tio n  of E quation  26 m ust s t a r t  a t



X 'j v a lu es  fo r P P A N - l- ^  and  2 -P V P y -l2  w ere se lec ted  to  
2

co rre sp o n d  to  iodine to  o rg an ic  su b s ta n c e  mole ra tio s  of 1.0 and  2 .3
16re sp e c tiv e ly . S ince o th e r  s tu d ie s  have  show n th a t  th e  maximum

u p ta k e  of iodine b y  p y re n e  is  2 . 0  mole ra tio  of iodine to  p y re n e ,

and  maximum u p ta k e  of iodine b y  p e ry le n e  is 2 .9  mole ra tio  of iodine

to  p e ry le n e , th e se  v a lu es  w ere u sed  fo r X 'T in th e se  sy stem s.
2

F ree  e n e rg ie s  of form ation  of th e  com plexes w ere  ca lcu la ted  by

ap p ly in g  E quation  26 to  th e  d a ta  in  F ig u re  17. T he r e s u l ts  a re

p re s e n te d  in  T ab le 10. L ite ra tu re  v a lu es  fo r th e  f re e  e n e rg y  of

form ation of P y r ^ ^  q an d  P e C ^ ^  g ca lcu la ted  from  v ap o r p re s -  
16s u re  m easurem en ts  a re  g iven  fo r  com parison . O ur v a lu es  of th e  

fre e  e n e rg y  of form ation fo r A g l, P y r f lg jg  g an d  P e f ^ ^  g a re  

rea so n ab ly  close to  th e  v a lues  o b ta in ed  u s in g  o th e r  m e thods. T h is  

s u p p o r ts  th e  v a lid ity  of th e  EMF m ethod u se d  h e re .  T he low 

m ag n itu d es  of th e  fre e  e n e rg ie s  of form ation fo r  all th e  com plexes 

in d ica te s  th a t  th e  b o n d in g  is w eak betw een  th e  iod ine and  th e  

o rg an ic  sp ec ie s .

EMF d a ta  o b ta in ed  on P P A N -^  sam ples p y ro lized  b y  two 

d if fe re n t p ro c e d u re s  a re  shown in  F ig u re  18. T he  d a ta  on th e  two 

PPAN sam ples a re  v e ry  sim ilar.

EMF d a ta  o b ta in ed  of 2 -P V P y -l2  an nea led  a t v a rio u s  tem p era ­

tu r e s  is a lso  p re s e n te d  in F ig u re  18. In c re a s in g  th e  annea ling  

te m p e ra tu re  r e s u l ts  in  a d e c re a s in g  iodine a c t iv ity . Samples



ann ea led  a t  150°C could no t be m easu red  fo r  mole ra tio s  of iodine to  

segm er g re a te r  th a n  1 .8 . T he m orphology of th e se  sam ples made 

m easurem ent im possible.

T he EMF values fo r 2 -P V P y -l2  sam ples ann ea led  a t  50°C,

70°C, an d  90°C ap p ro ac h  th a t  of p u re  iodine a t  a mole ra tio  of

iodine to  segm er of ab o u t 2 .3 . T h is  d a ta  does n o t show  c o rre sp o n -
17dence to  th e  p h ase  d iagram  o b ta in ed  b y  Ph illip s a n d  U n te re k e r  

T h is  may be  a t t r ib u te d  to  th e  complex n a tu re  of th e  p h a se  d iagram  

an d  th e  p o ssib ility  th a t  p h ase  ch an g es may n o t be com pletely 

re v e rs ib le  in  th is  te m p e ra tu re  ra n g e .



Em
f, 
V

0.68

X— X
0.66

0.64

0.62
+ , Y= PPA N -l re p e a tin g  un it

0.60
2-PVPy re p e a tin g  u n it ,  90 C annea l

o, Y= P y r0.58

0.56

0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
I2/Y Mole Ratio

F ig u re  17: V ariation of cell vo ltage w ith iodine co n ten t



TABLE 10

Com parison of f re e  e n e rg ie s  of form ation of iodine com plexes

R eaction -AG -AG

EMF m ethoda O th e r m ethods

kcal/m oleI0  kcal/m oleL

Ag + 0 .5 I 2  -> Agl 30 .9 31.7

P y r  + 2I2  -> P y r ( I 2 ) 2 _0

Pe ♦ 2 .9 I 2  -  P e (I 2 ) 2 > 9

PP A N -l + I 2  *> PPA N -1(I2 ) 1  q 

2-PV Py + 2 .3 I 2  -  2 -P V P y (I2 ) 2  3

0 . 8

1.5

2.0

3.2

0. 2

0 .9

Estim ated  lim its of e r r o r ,  ±1.0 kcal/m oleI2  

H andbook of C hem istry  an d  P h y s ic s , 1981, p . D-75

cFrom re fe re n c e  19, es tim ated  lim its of e r r o r ,  ±0.5 kcal/m oleI2
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0.68

0.66

0.64
, Y= PPA N -l re p e a tin g  u n it

Y= PPAN-2 re p e a tin g  un it0.62

Y= 2-PVPy re p e a tin g  u n it ,  50°C anneal

0.60
O, Y= 2-PV Py re p e a tin g  u n it , 70°C anneal

x , Y= 2-PVPy re p e a tin g  u n it ,  90°C annea l0.58

Y= 2-PVPy re p e a tin g  u n it ,  150°C anneal

0.4 2.00.8 1.2 2.4 2.8 3.2 3.61.6

I2/Y Mole Ratio
F ig u re  18: V ariation of cell vo ltage  w ith iodine co n ten t



3 .2 .2  E lectrical C onductiv ity  M easurem ents

E lectrica l c o n d u c tiv ity  m easurem en ts w ere made on P P A N -^

a n d  2 -P V P y -l2  sam ples a t  room te m p e ra tu re . T he  r e s u l ts  a re  shown

in  F ig u res  19 an d  20 re sp e c tiv e ly . I t  is o b se rv e d  th a t  th e  P P A N -^

an d  2 -P V P y -l2  c u rv e s  re a c h  p la teau s  a t  mole ra tio s  of iodine to

polym er of ab o u t 1.0 an d  2 .3  re sp e c tiv e ly . T h ese  ra tio s  c o rre sp o n d

to  th e  com positions a t  w hich  th e  therm odynam ic a c tiv ity  of iodine

ap p ro ac h es  th a t  of p u re  solid  iod ine. T h is  im plies th a t  free  iodine

is  p re s e n t  above a ra tio  of 1.0 fo r  P P A N -^  . T he  sign ificance  of

th e  p la teau  is  le ss  c lea r  fo r 2 -P V P y -l2  s ince  th e  p h a se  d iagram  is

com plex. C o n d u c tiv ity  v a lues  re p o r te d  in  th e  l i te r a tu re  fo r
17

2 -P V P y -l2  sam ples a t mole ra tio s  above 2 . 0  a re  in  th e  same ra n g e  

as  o u r v a lu e s . E lec trica l c o n d u c tiv ity  m easu red  on P P A N -^  sam ples 

in  th e  form  of f ib e rs  r a th e r  th a n  p re s s e d  p e lle ts  have  been
9

re p o r te d  . T h ese  v a lu es  a re  somewhat h ig h e r  th a n  o u r  v a lu es .

F ig u re  21 in d ica te s  th a t  th e  m ethod of p re p a ra tio n  of th e  

sam ples, d ire c t ad d itio n  of so lid  iodine to  th e  po lym ers o r  add ition  

of iodine th ro u g h  th e  v a p o r  p h a se , does no t in flu en ce  th e  m agnitude 

of th e  m easu red  e lec tr ic a l co n d u c tiv ity .
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- 4

E_ u

■eg
b

□ , Y= PPA N -l re p e a tin g  u n it- 5

A, Y= PPAN-2 re p e a tin g  u n it

, d a ta  of N .R . L e rn e r-6

-7

0 0.2 1.20.6 1.00.4 0.8 1.4 1.6
I2 / Y Mole Ratio

F ig u re  19: V ariation of co n d u c tiv ity  w ith iodine co n ten t



cm

- 4

- 5

< 3
b"

-6

Y= 2-PV Py re p e a tin g  u n it ,  50 C annea l

Y= 2-PV Py re p e a tin g  u n it ,  70 C ann ea l
- 7

A, Y= 2-PV Py re p e a tin g  u n it ,  90 C annea l

Y= 2-PV Py re p e a tin g  u n it ,  150 C annea l
-8

d a ta  of P h illips and  U n te re k e r

I2 /Y Mole Ratio
F ig u re  20: V ariation  of c o n d u c tiv ity  w ith  iodine co n ten t
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3 .2 .3  Electron Spin Resonance

E lec tron  sp in  re so n an ce  (ESR) s p e c tra  w ere o b ta in ed  fo r 

2-PV Py an d  PPAN w ith  v a ry in g  iodine to  segm er mole ra tio s .

B oth annea led  2-PV Py an d  PPAN show no ESR s p e c tra  w hen 

u n d o p ed . Upon dop ing  w ith  iod ine, b o th  PPAN- ^  an d  P V P y -^  

show a  sing le  peak  in  th e i r  ESR s p e c tra ,  as  is  show n in  F ig u re s  22 

an d  23, re sp e c tiv e ly . T he g - fa c to rs  an d  in te n s itie s  of th e  s ig n a ls  

a re  b o th  seen  to  ch an g e  w ith  a v a ria tio n  in  th e  iodine to  polym er 

mole ra tio  fo r b o th  po lym ers. T h e re  does n o t a p p e a r  to  be  an y  

c lea r c u t q u a n tita tiv e  re la tio n sh ip  be tw een  th e  mole ra tio  an d  th e  

in te n s ity  of th e  s ig n a ls . F ig u re s  24 an d  25 show how th e  g -fa c to r  

v a r ie s  w ith  changes in th e  iodine to  segm er mole ra tio  fo r  2 -P V P y -l2  

an d  PPA N -I2  re s p e c tiv e ly .

T he ESR s p e c tra  of 2 -P V P y -l2  become m ore com plicated fo r 

sam ples w ith  an  iodine to  2-PV Py segm er mole ra tio  of 2 .7  and  

above . S ev era l peak s  of low er in te n s ity  a p p e a r  on b o th  s id es  of th e  

main p eak  a t  th e se  mole ra tio s . More w ork  is  r e q u ire d  in  th is  a re a  

to  d e term ine  th e  sign ifican ce  of th e  d a ta .



5 G auss

F ig u re  22: E lectron  sp in  re so n an ce  sp ec tru m  of P P A N -l(I9)n
Z Ui O
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F igu re  23

2 0  G aus

E lectron  sp in  reso n an ce  sp ec tru m  of 2-PV Py (I_)
M 1 ,  1

90°C annea l
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2.0110

2.0100

g -fa c to r  

2.0090

2.0080

2.0070

0.0 3 .0  3 .51.0  2.0  

^ / Y  (mole ra tio )

F ig u re  24: V aria tion  of g - fa c to r  w ith  iod ine c o n te n t fo r  2-PV Py

= Estim ated limits of e r ro r  in calculation of g -f  ac to r, ±,0030



2.0110

2.0100

g -fa c to r

2.0090

2.0080

2.0070

0 .50.0 1.0 1.5 1.75

^ / Y  (mole ra tio )

F ig u re  25: V aria tion  of g -fa c to r  w ith iodine c o n te n t fo r  PPAN-1

= Estim ated limits of e r ro r  in calculation of g -fac to r, ±,0030



Appendix A 

EMF data on 2-polyvinylpyridine-iodine 

in 1,2 dichloroethane solutions



TABLE 11

EMF d a ta  on th e  cell 

P t | I 2 (2 .708 X 1 0 '4M ),T E A I(C 1JM ),2 -P V P y(2 .536 X 10~2 M) | 

I2 (2 .708 X 10"4M ),2 -P V P y (2.536 X 10~2 M )|P ta 

C j EMF Y K' X

MX105  mV MXIO5  M2 X109  MX105

.314 1 . 1 2 3.45 1.30 3.60

.617 2.24 3.24 1.25 3.53

.907 3.23 3.17 1.30 3.60

1.19 4.18 3.09 1.32 3.63

1.46 5.07 3.01 1.35 3.67

1.72 5.90 2.95 1.37 3.71

1.97 6 . 6 8 2.89 1.40 3.74

2 . 2 1 7.38 2.85 1.44 3.80

2.45 8.08 2.79 1.46 3.82

2.67 8.79 2.72 1.47 3.83

3.69+ .037

Oxidation occurs on th e  side of the  cell containing TEAI.
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TABLE 12

EMF d a ta  on th e  cell 

P t | I 2 (5.165 X 10"4M ),T E A I(C 1,M ),2 -P V P y (4.968 X 10_2 M) | 

I2 (5.165 X 1 0 '4M ),2 -P V P y (4 .968 X 10_2 M )|P ta 

C 1  EMF Y K' X

MX105  mV MX105  M2 X109  MX105

.636 1 . 2 1 6.44 4.56 6.75

1.25 2.38 6.13 4.52 6.73

1.84 3.58 5.72 4.32 6.57

2.40 4.74 5.39 4.20 6.48

2.95 5.87 5.09 4.10 6.40

3.48 7.03 4.77 3.94 6.28

3.99 8.14 4.51 3.83 6.19

4.48 9.24 4.25 3.71 6.09

4.95 10.31 4.02 3.61 6 . 0 1

5.41 11.37 3.80 3.50 5.92

6 . 34± .082

aOxidation occurs on the  side of the  cell containing TEAI.



TABLE 13

EMF d a ta  on th e  cell 

P t | I 2 (1.112 X iO~3 M ),T E A I(C 1 ,M ),2-PV Py(.1000M ) j |

I2 ( 1.112 X 10_3 M ), 2-PV Py (. 1000M) |P ta 

C1  EMF Y K' X

MXIO5  mV MX104  M2 X108  MX104

1.24 1 . 2 0 1.37 2.09 1.44

2.43 2.45 1.35 2 . 2 2 1.49

3.57 3.59 1.33 2.34 1.53

4.68 4.81 1.28 2.38 1.54

5.74 6 . 0 0 1 . 2 1 2.35 1.53

6.76 7.10 1.14 2.26 1.50

7.75 8.06 1.09 2 . 2 1 1.49

8.71 9.01 1.04 2.16 1.47

9.63 9.99 .982 2 . 1 0 1.45

10.05 10.83 .938 2.04 1.43

1.49+ .012

Oxidation occurs on the  side of the  cell containing TEAI.



TABLE 14

EMF d a ta  on th e  cell 

P t | I 2 (2.963 X 1 0 '3M ),T E A I(C 1>M ),2-PV Py(.2979M ) | |  

I 2 (2.963 X 10 3 M ), 2 -P V P y(. 2979M) |P ta 

C x EMF Y K' X

MX104  mV MX104  M2 X108  MX104

.319 1.29 3.02 1 0 . 0 1 3.17

.625 2.53 2.87 1 0 . 0 0 3.17

.920 3 .68 2.77 1 0 . 0 2 3.20

1 . 2 0 4.82 2.64 1 0 . 0 2 3.19

1.48 5.96 2.50 9.96 3.15

1.74 7.04 2.29 9.84 3.14

2 . 0 0 8.05 2.39 9.81 3.13

2.24 8.99 2 . 2 1 9.85 3.14

2.48 9.92 2.13 9.81 3.13

2.71 10.80 2.06 9.79 3.13

3 . 16± .012

Oxidation occurs on the  side of the  cell containing TEAI.



Appendix B

EMF data on pyridine-iodine in 1,2 dichloroe thane solutions

V.

-70-



TABLE 15

EMF d a ta  on th e  cell 

P t | I 2 (2.558 X 10_4M ),T E A I(C 1,M ),P y (2 .4 8 3  X 10_2 M) | | 

I 2(2 .558 X 10"4M ), P y (2.483 X 10_2 M )|P ta 

Cx EMF Y K' X

MX105  mV MXIO5  M2 X101 0  MXIO5

.271 1 . 1 1 3.00 9.82 3.13

.531 2.15 2.92 1 0 . 0 1 3.17

.782 3.09 2 . 8 8 10.05 3.24

1 . 0 2 4.03 2.78 10.05 3.25

1.26 4.99 2.65 10.03 3.21

1.48 5.94 2.52 1 0 . 0 1 3.17

1.70 6.87 2.40 9.82 3.13

1.19 7.78 2.29 9.60 3.10

2 . 1 1 8.63 2 . 2 0 9.48 3.08

2.30 9.42 2.13 9.43 3.07

3.16+ .026

Oxidation occurs on the  side of the cell containing TEAI.
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TABLE 16

EMF d a ta  on th e  cell 

P t | I 2 (4 .920  X 1 0 '4M ),T E A I(C 1 ,M ),P y (4 .9 6 5  X 10_2 M) | | 

I2 (4 .920 X 10_4 M) ,P y ( 4 .965 X 10_2 M )|P ta 

Cx EMF Y K ’ X

MXIO5  mV MXIO5  M2 X109  MXIO5

.705 1.60 5.32 3.20 5.66

1.38 3.18 4.92 3.11 5.57

2.04 4 .68 4.63 3.09 5.56

2 . 6 6 6.18 4.31 3.01 5 .48

3.27 7.65 4.02 2.92 5.41

3.85 8.94 3.83 2.94 5.43

4.42 1 0 . 1 0 3.69 3.00 5.47

4.96 1 1 . 2 1 3.56 3.03 5.51

5.48 12.31 3.41 3.04 5.51

5.59 13.30 3.30 3.07 5.54

5.51± .039

O xidation occurs on the  side of the  cell containing TEAI.
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TABLE 17

EMF d a ta  on th e  cell 

P t | I 2 (1.012 X 1 0 '3M ),T E A I(C 1,M ),P y (9 .9 3 1  X 10_2 M) | | 

I 2 (1.012 X 10_3M ),P y (9 .9 3 1  X 10_2 M )|P ta 

C1 EMF Y K' X

MXIO5  mV MXIO4  M2 X108  MXIO4

1 . 2 0 1.27 1.15 1.17 1 . 2 1

2.36 2.50 1.18 1.46 1 . 2 1

3.47 3.65 1.06 1.48 1 . 2 2

4.54 4.93 .974 1.38 1.18

5.57 6.09 .915 1.35 1.16

6.56 7.22 .869 1.33 1.15

7.52 8 .18 .843 1.35 1.16

8.45 9.10 .821 1.36 1.17

9.34 10.04 .792 1.36 1.17

1 0 . 0 2 10.95 .757 1.35 1.16

1.18+ .009

Oxidation occurs on th e  side of the cell containing TEAI.



TABLE 18

EMF d a ta  on th e  cell 

P t | I 2 (2 .980 X 10"3M ),T E A I(C 1,M ),Py(.2972M ) | |

I 2 (2 .980 X 10”3M ), P y ( . 2972M) |P ta 

C j EMF Y K' X

MXIO4  mV MXIO4  M2 X108  MXIO4

.329 1.09 3.71 1.50 3.87

.644 2.07 3.69 1.59 4 .00

.948 3.01 3.59 1.63 4 .04

1.24 4.02 3.38 1.56 3.95

1.52 5.06 3.16 1.48 3 .84

1.80 6.09 2.96 1.41 3.75

2.06 7 .10 2.79 1.35 3.68

2.31 8 .08 2.64 1.31 3.61

2.56 9.04 2.50 1.27 3.56

2.79 9.91 2.40 1.25 3.53

3.78+ .051

Oxidation occurs on the  side of the cell containing TEAI.



REFERENCES

1. A u d rie th , L .F . ;  B ir r ,  E .J .  J .  Am. C hem . S oc. 1933, 55, 6 6 8 .

2. R eid , C . ;  M ulliken, R .S . J .  Am. C hem . S oc . 1954, 76, 3869.

3. K ortum , G .;  W ilski, H. Z. P h y s ik . C hem . 1953, 202, 35.

4. Z ingaro , R . ; V ander-W erf, C .A .;  K le in b erg , J .  J .  Am. C hem .
S oc. 1951, 73, 8 8 .

5. P ezza tin i, G .;  G uidelli, R . E lectroch im . A cta 1971, 16, 1415.

6 . N ig re tto , J .M .;  Josefow icz, M. E lectroch im . A cta 1974, 19, 809.

7. N ig re tto , J .M . ; Josefow icz, M. "P y rid in e  as  a N onaqueous
S o lv en t" in  L agow ski, J . J .  E d . ;  "T he  C hem istry  of N onaqueous 
S o lv en ts" Academic P re s s ,  1978, C h a p te r  5.

8 . A ronson , S; E p s te in , P ; A ronson , D . B W i e d e r ,  G. J .  P h y s .
C hem . 1982, 8 6 , 1035.

9. L e rn e r , N . R .  P o lym er, 1983, 24, 800.

10. M cKinney, W . J . ;  Wong, M. K. ;  Popov, A . I .  I n o rg . C hem .
1968, 7, 1001.

11. Van Braam  H o u ck g eest, J . P . W . A .  R e c t. T r a v . Chim . 1941, 60 ,
433.

12. Popov, A . I . ;  Sw ensen , R . F . ;  J .  Am. Chem . S oc. 1955, 77 ,
3724.

13. Y eh, T . I .  T h e s is , C ity  U n iv e rs ity  of New Y ork , 1984.

14. M cKinney, W. J . ;  Popov, A. I .  J .  Am. Chem . S oc. 1969, 91 ,
5215.

15. W agner, C. "T herm odynam ics of A lloys" A dd ison- W esley, 1952,
p .  1 2 .

16. A ronson , S . ;  K atlow itz, N. J .  In . N ucl. Chem . 1979, 41, 1579.

17. P h illip s , G. M. ;  U n te re k e r , D . F .  P ro ceed in g s of th e  29th Power
S o urces Symposium 1980, p . 195, p u b lish e d  b y  th e  E lec tro ­
chem ical S ocie ty , P rin c e to n , N . J .

-75-



18. B uck les , R . E . ;  Y uk, J . P .  ; Popov, I .A.  J .  Am. C hem .
1952, 74, 4379.

19. Van d e r  Pauw , L .J .  Ph illip s T e c h . R e v . 1958, 20, 320.

20. M ulliken, R . S .  J .  P h y s . C hem . 1952, 56, 810.

Soc.

-76-


