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ABSTRACT

V arious m ethods have been proposed  fo r the de te rm in a tion  

of the exchange capacity  of ch rom atograph ic  paper and th ese  have 

lead  to  conflicting re s u lts ,  A com parison  of these  m ethods i s  m ade 

h e re  w ith  a single g rade  of pap er. Exchange c ap a c itie s 'w e re  deter*- 

m ined by two m ethods on W hatm an #1 p ap er and two W hatm an ion * 

exchange p a p e rs . Some p re -w ash ed  p a p e rs  w ere  usedj a c e tic  acid, 

p e rc h lo ric  acid, EDTA, and a com bination base  ” acid w ash.

The exchange capacity  g en era lly  d e c re a se s  a fte r  acid, washing 

. and. in c re a se s  a fte r  base  w ashing. The-exchange cap ac itie s  of the 

sp ec ia l ion-exchange p a p e rs :w e re  low er than those re p o rte d  by the 

m an u fac tu re r in both c a se s .

v i



INTRODUCTION

P a p e r as an Ton E xchanger

The- m echan ism  of pap er ch rom atograph ic  sep a ra tio n , because

of its  com plexity, is  clouded with co n tro v e rsy . • It has been reg a rd ed  as

an adso rb tion  p ro c e ss , an. ion-exchange p ro c e ss , and a p a rtitio n  phe”

nom enon. Ion-exchange is  often considered  se p a ra te  fro m  o th e r ads o rb -

tive  m e e h a n ism ^ V  Hanes and I s h e r w o o d a d v o c a t e  a m echanism

which, is  a com posite of a ll of th ese . The m echan ism  chosen to explain

chrom atographic- resu lts , is  u sua lly  de te rm ined  by the n a tu re  of the

sp ec ies  being chrom atographed,, the ch rom atograph ic  m edia, and the

n a tu re -- 'e sp ec ia lly  the p o la r ity --o f  the so lvent o r  developer,

(3)Ipm exchange- reac tio n s  w ere stud ied  by Kolthoff as e a rly  aS

1921. M cLean and W o o te n ^  considered  exchange reac tio n s-in  various

cellu lo sic  m a te r ia ls  and found th a t a s h . content is  re la te d  to the num ber

of exchange s ite s  in  the p ap er. They concluded th a t the constituen ts of

the ash , p re se n t as oxides o r  carbonates , ex is t in the p ap er as o rgano-

m e ta llic .im p u ritie s , and tha t these  im p u ritie s , not the cellu lose , a re

resp o n sib le  fo r the exchange re a c tio n s ,

(5)Shute contributed, fu r th e r  evidence fo r the ion-exchange 

- m echan ism . U sing p ap er chrom atography  to se p a ra te  m ix tu res  of 

a lkalo ids with hexane as a. developer, he found tha t an i r r e v e rs ib le

1



su rface  adso rb tion  of the alkalo id  o ccu rs , which d e c re a se s  w ith in c re a s ­

ing p o la rity  of the solvent. Swelling of the pap er a lso  d e c re a se s  the 

adsorb tion , He proposed  tha t fo r w a te r, a strong ly  p o la r and sw elling 

so lvent as a developer, l it t le  su rface  adsorb tion  should occu r. He 

found, how ever, that w ith w a te r, "adso rb tion" indeed took p lace, 

and that it had its  o rig in  in ion™exchange.

All of th ese  re s u lts  u n d e rsco re  the im portance  of the ion- 

exchange concept in explaining paper ch rom atograph ic  se p a ra tio n s .

D eterm ination  of the Exchange C apacity

An e a r ly  attem pt to de te rm ine  the carboxyl content,equated  to

the exchange capacity , .of ch rom atograph ic  paper w as m ade by Yackel

( 6 )and Kenyon . The pap er w as tre a te d  w ith sa lts  of w eak acids, e. g. 

calcium  ace ta te , which re a c t  w ith the carboxyl groups of the cellu lose  

to fo rm  the cellu lose  sa lt and the co rrespond ing  weak acid. The r e ­

lea sed  acid  w as then t i t r a te d  w ith 0, 1M sodium  hydroxide. Values 

rep o rte d  v a rie d  from  14, 7 to 22, 3% carboxyl groups by weight, which 

c o rre sp o n d s to 3, 2 to 5, 0 m ilH equivalents p e r  g ram  of paper. The 

m ajo r d isadvantage of the m ethod is  th a t it m ay not be used  for p aper

of low exchange capacity  since sen sitiv e  titra tio n s  a re  im possib le .

(5)The m a jo r p itfa ll in th is  m ethod, as Shute la te r  dem onstra ted , is 

tha t a ll exchange s ite s  a re  not in the p ro tonated  form , but m ay he 

occupied by sodium , calcium  o r m agnesium  ions. A ll exchange s ite s .
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then, do not re le a s e  acid. T hese sam e w o rk e rs  la te r  developed a

m ethod of decarboxylation  followed by co llec tion  and m easu rem en t of

the carbon  dioxide evolved. This m ethod is fa r  from  sim ple .
(7)

O ther m ethods have involved in fra re d  sp ec tro sco p y  . With

the exception of th ese  and decarboxylation  reac tio n s , a ll o ther m ethods

have been based  on ion-exchange and subsequent titra tio n .

A ch rom atograph ic  m ethod fo r the de te rm ina tion  of the carboxyl

( 8 )content of f i lte r  pap er w as f i r s t  p roposed  in 1955 by U ltee and H arte l 

The ion se lec ted  fo r exchange was chosen from  the following s e r ie s  of 

ion affin ities fo r carboxyl groups com piled from  the lite ra tu re :

TJOg Pb++ >  Sn"l'+ >  Cu*"1" >  H+ >  m ethylene blue"*" >  Ba"1""*" >  Ca"1"1" 

>  Ag+ >  T l 1" >  K+ >  Na+ >  Li+ >  N(CHg)^

Lead ion w as chosen since, according  to th is  s e r ie s ,  it is  capable of 

d isp lacing  m ost o ther ions, including hydrogen. This s e r ie s  also  

suggests tha t acid p re - tre a tm e n t of the paper should have no effect on 

the m easu rem en t of ion-exchange capacity . In th e ir  m ethod a known 

amount (10 /ul) of a lead  n itra te  solution of known concen tra tion  

(0. 01M - 0. 1M) w as applied as a spot to the paper s tr ip  w ith a m ic ro ­

pipet. The s tr ip  w as ch rom atographed  by the ascending technique fo r 

approx im ate ly  30 m inu tes w ith boiled  d is tilled  w ater as a developer. 

A fter location  w ith hydrogen sulfide, the lead  spot w as tra c e d  onto a 

heavy paper which w as then cut out and weighed. F ro m  the



w e ig h t-p e r“unit a re a  of the ch rom atograph ic  and the. tracing, paper, the

carboxyl content of the p ap er was ca lcu la ted  on 'assum ption  th a t on-the

final spot a lead  ion-was a ttached  to each  exchange s ite . The value

quoted fo r W hatm an #1 p ap er is ;0. 008 m illiequ ivalen ts p e r  g ram  of

p ap er and 0. 064, m illieq u iv a len ts- p e r  g ram  fo r M acherey , Nagel #618,

T hese w o rk e rs  a lso  em ployed in fra re d  sp ec tro sco p y  to the

p o ss ib ility  of opening lac tone  rin g s p re se n t in the p ap er w ith th is

■ tre a tm e n t. They concluded tha t carboxyl groups m ay be fo rm ed  from

the lactone rin g s  i f  an a lkaline m edium  is used,

■ (9)In 1967, SchrSder • m odified the w ork  of U ltee and H arte l, He 

proposed  that, since  lead  ace ta te  tends to. hydrolyze and lead  n itra te  

m ay act a s - an oxidizing, agent, a lead  ch lo ride  so lu tion  is: m ore  app­

ro p ria te  to the de te rm ina tion , - Specifically , fifty  m ic ro li te r s  of 0. 01M 

lead  ch lo ride  was applied  to- a p ap er s tr ip  w ith a, m ic ro p ip e t and the 

s tr ip  chrom atographed , ascending w ith w a te r in  a vapor sa tu ra ted  

tank. The sp o ts1 w ere  loca ted  by sp ray ing  the s tr ip -w ith 'a  d ith iz o n e 1. 

so lu tion  (0. 01% in  acetone) and the area, m easu red  w ith  a p lan im ete r.

The value rep o rte d  fo r  W hatm an #1 pap er is 0. 0066 m illiequ ivalen ts 

p e r  g ram  of paper and fo r-M acherey , Nagel #613, 0. 036 m illiequ ivalen ts 

p e r g ram  - -  d ifferen t by about a fac to r of two from  the re s u lts  of 

U ltee-and H arte l,

. An extensive tre a tm e n t of the sub jec t by A ckerm ann: and 

K ruger^*^  appeared  in 1962. The exchange capacity  of v a rio u s



p ap ers , including som e acid and base  w ashed p a p e rs , w as determ ined , 

a lso  by the ch rom atograph ic  m ethod. T his group substitu ted  nickel 

ion fo r U ltee and H a r te l’s lead  ion. Sam ple values rep o rte d  a re  0 .0039 

m illiequ ivalen ts  p e r g ram  fo r Scheicher and Sc hull 2043a and 0.0043 fo r 

M acherey, Nagel & C om pany 's 2214 as com pared  to S c h ro d e r 's  

rep o rte d  0. 0057 and 0. 005 m illiequ ivalen ts p e r g ram .

E pstein  and L e w in ^ ^  re v e rte d  to the e a r l ie r  m ethod of tre a tin g  

the cellu lose  w ith a sa lt solution followed by estim ation  of the lib e ra te d  

anion o r of the cation rem ain ing  in solution. T hese m ethods, however, 

rem a in  u n sa tis fac to ry  fo r m easu rin g  sm a ll exchange cap ac itie s .

Exchange C apacity  of P re - t r e a te d  P a p e r 

Shute rep o rte d  re s u lts  of chrom atographing  weak acids with 

w ater as a developer on p re -w ash ed  paper. He proposed  that the cations

in the paper (Mp) w ere  exchanged fo r hydrogen ions from  the weak acid,
-|- H” "b

H , to fo rm  the p ro tonated  exchange s i te ,H p , and the f re e  m eta l ion,M  ,

i. e. ,
“b *4" "b +M + H ^  H + MP P ^

When the pap er w as w ashed w ith w a ter p r io r  to chrom atography  of the 

weak acid, a la rg e r  spot re su lte d . T his was p resu m ab ly  because the 

w ater supplies hydrogen ion to som e of the exchange s i te s  during the 

w ashing p ro c e ss , m aking few er availab le  for exchange during the 

ch rom atograph ic  p ro c e ss .
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U ltee and H art el expected th a t the acid  pre-w ashings* would 

.. rep lace ' any cations' occupying, exchange s ite s ' w ith hydrogen ions. If 

the so -c a lle d  "affin ity  s e r i e s '11 w ere  valid# th e re  would be no change 

in the exchange capacity  since lead, ion: has one of the h ighest a ffin ities

■ fo r carboxyl groups, , They re p o r te d 'n o 1 e s se n tia l change in th e  value 

afterVthe; acid.wash.

The' findings of Ackermanrr and Krtiger seriously contradicted 

these resu lts . Using paper designated, as VEB Spezial-papierfabrik 

. Niederechlag'WF 1. (unwashed) and WP 11 (acid, washed), they found 

-thatithe exchange capacity dropped,from S. 0057 milliequivalents per

• • gram for the unwashed to 0044 milliequiyalents per gram  for-the* acid 

. washed paper. If the paper- is: washed' f irs t with hydrochloric acid and; •

■ then with sodium hydroxide, the exchange capacity returns* -to, nearly

• th e  unw ashed value (.0. 0054 m illiequ ivalen ts  p e r g ram  of paper). The

■ explanation  o ffe red .is  th a t the acid  w ash  causes lactone rin g  fo rm ation  

by rea c tio n  of the hydroxyl and carboxyl groups w hich a re  p re sen t In  

th e  p ap er, Thus d e c rea s in g  the. num ber of exchange s ite s . The lactone 

rings: a re  th e n  cleaved  by tre a tm e n t w ith sodium  hydroxide, m aking 

th e  carboxyl groups aga in  availab le  fo r exchange. . No .in fra red  sp e c tra l 

data w ere  rep o rte d  to confirm  th is  hypothesis.

U ltee and H arte l applied: in fra re d  sp ec tro sco p y  to  investigate  

th e  p o ss ib ility  of sp littingT he  lactone rin g s  w hich m ay-be p re se n t in 

un trea ted -and .in  oxidized ce llu lo se . They found: that lac tone  rin g s



a re  cleaved during the ch rom atograph ic  p ro c e ss , thus causing e r r o r s  

in carboxyl de te rm ina tions in p ap ers  of high lactone concen tra tion .

.This would ind icate  that, if rin g s a re  fo rm ed  during the acid  tre a tm e n t 

as w as re p o rte d 'b y  A ck erm an n an d K ru g er, they  should be broken during 

the chrom atograph ic  p ro c e ss  w ith the lead  solution so the exchange 

capacity  is  alw ays independent of the lactone content, U ltee and H art el 

m ade no investigation  of the p re sen c e  of lactone rin g s  on acid w ashed 

p ap er.

S tatem ent of P ro b lem

( 1 2 )E a r l ie r  w ork  by K e lle r and Rom m el concerning  the appearance 

of m ultip le  spo ts during the ch rom atography  of phosphate sp ec ies  m ade 

•it d e s irab le  to know the exchange capacity  of W hatman #1.paper. This 

th e s is  a ttem pts to c la r ify  the rep o rte d  values and techn iques of carboxyl 

group de term ina tions in f i l te r  paper. The prob lem  w as attacked as 

follows;

a) D e term ina tion  of the exchange capacity  of W hatm an #1.p ap er 

by the m ethod p roposed  by U ltee and HarteL and by S c h ro d e r 's  

m odification,

b) A pplication of the above m ethods fo r the determ ination-of 

the exchange capacity  to co m m erc ia l p a p e rs  of v e ry  high, known ex ­

change capacity  to de te rm ine  the re lia b ility  of the m ethods.

c) D eterm ination  of exchange capacity  of p re - tre a te d .p a p e rs  

to investiga te  the effect thereo f. P re - tre a tm e n t  included p re -w ash es



of ace tic  acid , p e rc h lo ric  acid, EDTA (disodium  sa lt) , am m onium  

hydroxide, and. an' acid  follow ed by a b ase .



EXPERIMENTAL

The paper used  in th is  re s e a rc h  w as c o m m e rc ia lly  available 

W hatman #L  The 47 x 55 cen tim e te r sh ee ts  of f i lte r  paper w ere cut 

into s tr ip s  8 c en tim e te rs  w ide-and 55 cen tim e te rs  long- The solution 

to be ch rom atographed  w as applied th re e  c e n tim e te rs 'f ro m  one end 

w ith a s tan d ard  M isco m ic ro li te r  pipet c a lib ra ted  to  deliver- The 

s tr ip s  w ere  then  hung in a w a te r vapor sa tu ra te d  chrom atograph ic  

tank  and im m edia te ly  chrom atographed  in the ascending m anner- The 

developer w as boiled d is tilled  w ater- In o rd e r  not to d is tu rb  the tan k 's  

equ ilib rium 'w hen  the p a p ers  w ere  hung, the top was d isp laced  as 

sligh tly  as possib le- When p re - t r e a te d  p a p e rs  w ere  used , the 

ch rom atog ram s w ere  run  in se ts  w ith one ch rom atog ran  of each kind 

of p ap er constitu ting  a set- T his p ro ced u re  was follow ed so tha t 

conditions would be the sam e fo r each se t of re s u lts . The s tr ip s  

w ere  allow ed to hang in the tank  un til the  so lvent fron t had p ro g re s se d  

to about tw enty cen tim e te rs  from  the bottom^ req u irin g  1 1/2 - 2 ho u rs . 

The s tr ip s  w ere  rem oved  and allow ed to  hang in' a s tre a m  of hydrogen 

sulfide gas to  m ake the spo ts v is ib le . In la te r  ex p erim en ts , the spo ts 

w ere  loca ted  by sp ray ing  with: dithizone (0. 03% in acetone). The la t te r  

m ethod w as m ore  effective in the p roduction  of w ell-defined  spots.

The ch ro m ato g ram s w ere  alloWed to d ry  in a ir  and the spo ts w ere



t ra c e d  on to  the heavy w eight biology paper. The spo ts w ere  then  cut 

out and weighed. A p la n im e te r• was found to be u n sa tis fac to ry . The 

w e ig h t-p e r-u n it a re a  of th is  p ap er and the W hatman #1 p ap er w ere  

then de term ined  by draw ing and weighing se v e ra l 2 x 2  cen tim e te r 

sq u a re s . W ith th is  data  the exchange capacity  in m illiequ ivalen ts of 

lead  p e r  g ram  of p ap er w as calcu lated .

F o r  example?

20 .0874 gm. biol, p ap er , „q i7
0. 01621 gm, biol. paper;

     2  .............
cm 2

5. 3917 cm 2 x W hatm an #1; _  ^  638 x 10"2 gm? w hatm an  #1
cm

2.x IQ4 meq ol Pb++ =  4.312 x lo"3 mea
4. 638 x 10 gm W hatm an #1 gm

Solutions used  w ere  m ade from  AR g rade  lead  chloride and lead  

n itra te  m anufactu red  by M allinckrodt. C oncen tra tions v a rie d  from

0. 01M to 0. 1M and sam ple  volum es v a rie d  from  5 to 1.00 m ic ro li te rs .

The volum e and concen tra tion  w ere  chosen in o rd e r  to  produce a tra c e d  

spot w eight of 0. 1 - 0. 2 g ram s (6 - 12 sq u a re  cen tim e te rs) . F o r exam ple, 

com binations used  on W hatman #1 p ap er (exchange capacity  of .0. 005 . 

m eq/gm ) w ere  10 m ic ro lite r 's  of 0. 01M lead  n itra te  and 10. m ic ro lite rs  

of 0, 02M lead  n itra te . The data on the two p ap ers  of high and known 

exchange capacity  follow:
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1) W hatm an P a p e r C hrom edia  CM81 - Ion Exchange C ellu lose 
C arboxym ethyl C ellu lose
B asis  W eight - 85 g ram s p e r  sq u a re  m e te r  
Nom inal C apacity  - .0. S .m illiequ ivalen ts p e r  g ram  
C atalogue N um ber 22811- 
B atch N um ber 1000/1

2) W hatman Ion-Exchange C ellu lose  - C ellu lose  Phosphate P81 
B asis  Weight - 85 g ram s p e r  sq u a re  m e te r
Nom inal T otal C apacity  - 2 , 1  m illiequ ivalen ts per g ram  
C atalogu e Numbe r  21811 
B atch N u m b er'64 /78 /2

The p re-w ash in g  of the p a p e rs  consisted  of p lacing  five s tr ip s  

into a tw o -lite r  b eak er filled  w ith the w ashing solution. The so lu tions 

used  w ere ' 2M ace tic  acid,. 1M  p e rc h lo ric  acid, .0 ,1M EDTA (disodium  

sa lt), and 2M am m onium  hydroxide. A fter being w ashed fo r about 

15 m inu tes, the p a p ers  w ere  rem oved  and again w ashed in su ccess iv e  

tw o -lite r  d is tilled  w a ter w ashes to rem ove the ex cess  solution. When 

the pH of the w a te r w ash  w as the sam e as the d is tilled  w a te r (4, 5) 

(using narrow  range pH paper), washing, w as discontinued; u sua lly  . 

th ree  r in se s  w ere  su fficien t. The p a p e rs  w ere  then  hung in a ch ro m a­

tog raph ic  oven and d ried  at room  te m p e ra tu re . The oven se rv ed  to  

speed drying b y .c ircu la tin g  a ir  around the hanging s tr ip s  by fo rced  

draft.



DISCUSSION OF RESULTS

The calcium  m ethod for. the de te rm ina tion  of exchange capacity  

' proposed by Yackel and Kenyon was tried  with Whatman #1 paper. The 

amount of meld released was so sm all that the method was Immediately 

discarded as wholly unsuitable for the determination, due to the in ­

sensitivity of titrations.

The exchange capacity of the Whatman #1 paper was further 

determined by the procedure proposed by Ultee and H artel and also 

by this same method with the modifications suggested by Schroder,

The resu lts of these experiments are sum m arised in Tables 1 and 2 

resp ec tiv e ly , which g ives the exchange capacity  in m illiequ ivalen ts 

p e r  g ram  of paper; n is  the num ber of de te rm ina tions m ade, i, e„ , 

the sam ple  s ize . F o r each  type of paper, th e re  is e sse n tia lly  no 

difference in the re s u lts  of exchange capacity  and s tan d a rd  deviation,

i. e . , the exchange cap ac itie s  and the s tan d ard  deviations fo r the u n ­

tre a te d  pap er by the m ethods of U ltee and H arte l and S chroder a re  

com parable; the sam e is  tru e  for the ace tic  acid w ashed p ap ers , etc. 

The conclusion is that the d ifferences observed  a re  not due to the 

d ifferen t m ethods. D ifferences a r is e  fo r d ifferen t p re - tre a tm e n ts  

w ith the sam e m ethod. The re s u lts  w ith acid  w ashed p ap er a re  

consisten t w ith those of A ckerm ann and K ruger r a th e r  than  Ultee

12
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TABLE 1

EXCHANGE CAPACITIES OF WHATMAN #1 PA PER WITH VARIOUS 
PR E  -TREATM ENTS BY THE METHOD OF ULTEE AND HARTEL

P re - tre a tm e n t Exchange
C apacity

N um ber of 
Sam ples

Standard
D eviation

U ntrea ted 4.382 x 10~3 10 0 .2 4 2 4 x 1 0 '3

A cetic  Acid W ashed 3.220 x 10"3 10 Q. 2649 x 10""3

P e rc h lo r ic  Acid W ashed 2. 456 x 10"3 10 0.480 x 10""3

Na2EDTA W ashed 3.233 x 10™3 10 0,430 x 1 0 ~ 3

TABLE 2

EXCHANGE CAPACITIES OF WHATMAN #1 PA PER WITH VARIOUS

PR E -TREATMENTS. BY THE METHOD OF SCHRODER

P re  - tre a tm e n t Exchange N um ber of Standard
C apacity Sam ples D eviation

U ntrea ted 4.091 x 10"3 10 0.172 x 1 0 ~ 3

A cetic  Acid W ashed 3. 320 x 10”3 10 0.362 x 1 0 ~ 3

P e rc h lo r ic  Acid W ashed 2.735 x 10"3 10 0.493 x 10™3

Na EDTA W ashed 3.606 x 10~3 10 0,461 x 10“3
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and H arte l, d, e», the exchange capacity  d ec rea sed  w ith p ap er p r e ­

w ashed w ith  acid. The explanation proposed  by A ckerm ann and. K ruger 

fo r th ese  re s u lts  is  lactone rin g  fo rm ation . The d e c re a se  of exchange 

capac ity  is  g re a te r  w ith the p e rc h lo ric  acid  than  the ace tic  acid, 

p o ss ib ly  because  of the re la tiv e  s tren g th s  of the two acids and th e ir  

ab ility  to form  lac tones. The acid  w as not expected to  oxidize the 

p ap er fo r it is  difficult to  see  how exchange capacity  could be d e c rea se d  

by an oxidative reagen t which would produce carboxyl groups. The 

EDTA w ashed paper w as used  to de te rm ine  the effect of the possib le  

p resen ce  of heavy, m eta l cations. If th ese  cations w ere  occupying the 

exchange s ite s , they  should be rep laced  by sodium  o r hydrogen ions 

from  the EDTA, to m ake the s ite s  m o re  availab le  and in c re a se  the 

exchange, capacity . The exchange capacity  dropped sligh tly , how ever. 

This m ight be due to som e lactone rin g  fo rm ation  from  the v e ry  

w eak acid  groups p re se n t in EDTA.^ The p resen ce  of heavy m eta ls  

would then  seem  to have no m a jo r effect on the exchange capacity .

Table 3 shows the re s u lts  of de te rm ina tions of exchange c ap a ­

c itie s  of sp ec ia l ion-exchange pap er, W hatm an CM 81 (carboxym ethyl 

cellu lose) w ith v a rio u s p re - tre a tm e n t. The re s u lts  follow the sam e 

tre n d s  as the W hatm an #1. paper, bu t fa r  m ore  d ram a tica lly . The 

exchange capacity  is  reduced  by about a fac to r of ten  a fte r  acid p r e ­

w ashing, ,much g re a te r  than  the effect in the W hatman #1 paper.

M ost pronounced, how ever, is  the d ifference, betw een the rep o rte d
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TABLE 3

EXCHANGE CAPACITIES-OF WHATMAN CM- 81 PA PER  WITH VARIOUS 
PRE-TREA TM EN TS BY THE METHOD OF ULTEE AND HARTEL

P r e  - tre a tm e n t Exchange N um ber of S tandard
C apacity Sam ples D eviation

U n trea ted3, . 0 .2093 18 0.00814

A cetic  Acid W ashed 0.02034 8 0.00157

P e rc h lo r ic  Acid W ashed 0,02050 9 0,00207

Na EDTA. W ashed 0,2827 • 10 . 0.02134

NH4OH W ashed 0.4544 9 0.00628

HC104 " NH4OH W ashed 0.3770 7 0.01701

^ M an u fac tu re r ' s re p o rte d  exchange capacity  is  0. 5 m eq /g m



value of .©. 5 m illiequ ivalen ts  p e r  g ram  and the de te rm ined  value of 

.0, 2093 m illiequ ivalen ts  p e r g ram , le s s  than  half the re p o rte d  value. 

The de te rm ina tions approached the rep o rte d  value on ly  when the p ap er 

is  p re -w ash ed  w ith ammonium- hydroxide. To te s t  the lac tone  fo r ­

m ation explanation, the paper w as w ashed w ith p e rc h lo r ic  acid, 

dec reasin g  the exchange capacity , and then  w ith 'am m onium  hydroxide 

to see if the capacity  is re s to re d . The re s u lts  show th a t the exchange 

capacity  re tu rn s  to a value g re a te r  than that of u n trea ted  paper, but 

le s s  than ju s t base  w ashed paperi P resu m ab ly , th e re  a re  lactone 

rings: p re se n t in the  unw ashed paper which a re  b roken  on trea tm e n t 

w ith base , and the rin g s  fo rm ed  w ith acid  tre a tm e n t a re .n o t all b roken  

w ith the following basic  w ash.

The th ird  p ap e r te s te d  w as W hatm an P  81, ce llu lo se  phosphate 

paper. The re s u lts , shown in Table 4, a re  p a rtic u la r ly  in te re s tin g  

because  the p re -w a sh  has essen tia lly -no  effect on the exchange cap a­

city. The a rith m e tic  me ans d iffer sligh tly , but the d ifferences a re  

w ithin the s tan d ard  dev iations. The consistancy  of re s u l ts  even a fte r  

acid tre a tm e n t ind ica tes tha t the phosphate does not fo rm  the in te rn a l 

e s te r  as in the o ther p a p e rs . 'But, m ost im portan t, the exchange 

cap ac ities  v a ry  from  0. 6652 - 0;, 7682 as com pared  to a rep o rte d

2. 1 m illiequ ivalen ts p e r  g ram  from  the m an u fac tu re r. The m ethod 

of de te rm ina tion  of th is  value by W hatm an Com pany is  unavailab le.
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TABLE 4

EXCHANGE CAPACITIES OF WHATMAN P  81 PA PER WITH VARIOUS' 
PRE-TREATM ENTS. BY THE METHOD OF ULTEE AND HARTEL

P re - tre a tm e n t Exchange
Capacity

N um ber of 
Sam ples

Standard
Deviation

U n trea ted9- 0.7682 8 0.02612

A cetic  Acid W ashed 0.7247 7 0,06783

P e rc h lo r ic  Acid W ashed 0.6925 7 0,04887

Na^EDTA W ashed 0„7682 8 0.03470

NH4OH W ashed 0.7774 8 0,03927

NH4OH - HC104 W ashed 0.6652 7 0,02094

^M an u fac tu re r ' 8 rep o rte d  exchange capacity  is  2 .1  m eq /g m
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The assum ption  w as m ade by a ll the e a r l ie r  m entioned w o rk ers

that the cation  used  fo r exchange occupied every  availab le  exchange

site  because  these  cations had high affin ities fo r carboxyl groups.

T here  is  no rea so n  to assum e th is  is tru e  fo r the phosphate paper

w here the exchange s ite  is  a phosphoric  acid, i. e . , the cellu lose

13phosphate s tru c tu re  proposed  by Knight.

c h 2o p ^ =  O 
OH

O
H

> O OH

O

The low exchange cap ac itie s  obtained w ith the W hatman CM 81 

challenges the va lid ity  of th is  assum ption .
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