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©BHT, HA H?_A . and m1xtures of BH

"*ffequat1on for BH was'ver1f1ed by c0mpar1ng the pred1

wz_pft - ,;_':9;::1; :ff;}7?:jij:n?;f.;Fiirishrtquﬁjgfd[i/?f}dfawfJ:”t.'
In Part Iof th1s thes1s, a nove] heterogeneous potent1osde;*73
d‘metr1c t1trat1on techn1que 1s reported 1n wh1ch ac1ds of var1ou§f;ljf”
IVf'Charge t)’PES are. t1trated w1th sod1um hydrox1de in an aqueous 5‘;.”{.r":
's]urry of the non1on1c adsorbent A;ber11te ;AD 2. MaJor Sh1fts.g o
l‘are observed “in ‘the resu1t1ng t1trat1on cUrves compared to. those;*?~5r :
,'obta1ned 1n the absence of adsorbent Tltnat1on curve shapES aref‘:”

> :
'.',1nterpreted 1n terms of both ac1d base and phase d1str1but1on ¥

o 1eQu111br1a of the severa] conJugate SP9C195 Of the sample compound

;Theoret1ca] t1trat1on equat1ons are der ved for ac1ds of the types

N

+

"-HA Va11d1ty of th: t1trat1on

eXper1menta]]y observed t1trat1on curves ﬁor d1pheny]guan1d1ne

:hydroch]orlde for wh1ch quant1tat1ve agreement was observed As

"?7‘hpexamp1es of the other three charge type cases. the follow1ng ha‘z' -

f'compounds were t1trated iom- n1trophenol, na]oxone hydroch]or1de and

'-hja m1xture of m- n1tr0phenol and mollndOne hydrpch]or1de

’f:fposs1b]e the t1trat1on of cat1on1c ac1ds in water wh1ch are otherw1se EEER

3;too weak to g1ve accurate end po1nts It a]so perm1ts the d1fferent1a1

‘Q-tltrat1on, 1n water of m1xtures of ac1ds w1th s1m1]1ar 1on1zat1on

t"?constants but dtfferent charge fYPes

3 S

In order to accurate]y descr1be the heterogeneous t1trat1on

' 'lg‘curves by appropr1ate equat1ons 1t was found necessary to take lnto

s

R The heterogeneous potent1ometr1c_t1tratxon techn1que~makes--wf¥f¥¥ffjf—-ff
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account the sorpt1on of the 1on1c conJugate pec]es (e g BH A ) S

"-: as we]] as the neutra] spec1es (e g B, HA ) A1so the t1trat1on

studles showed that wh1]e changes 1n concen ratwon and type of :,‘]ffs o

’:gﬁff " 1nert e]ectro]yte 1n;the so]ut1on have 11tt e effect on the

g"vdl dlstr1but10n coeff1c1ent of a neutra] spec &5 between X

the aqueous phase, they have a Proiound e-feCt on the d1s r1but1on -

coeff1c1ent ¢Y an adsorbed 1on1c”spec1es | | |
N In order to e]uc1date the mechan1sm by 'ﬁ; h 1ons are adsorbedi‘_1;5du

on a.non1on1c adsorbent 1n the manner descr1 ‘1n Part I; a study

f th1s phenomenon was undertaken 1n Part II ;f th1s thes1s ',;'~thfft'¢:¢dgq;;7':;:5“"

Adsgrptwon 1sotherms were measured for d1pheny1guan1d1n1Um and : thbf':vi‘?df:?:

benzylammon1um 1ons\an the presence of var1ous concentrat1ons of “N;J-j_"‘:..v R

1nert electro]yte In add1t1on, the e]ectrophoretrc mob111ty of

’ res1n part1c1es was measured in so]ut1ons col a1n1ng d1phenylguan1d1n1um ER

1on and var1ous concentrat1ons of 1nert',.ectro1yte The resu]ts :

AL

- flgg' of both the 1sotherm stud1es and the e]ectroph0ﬁ6t1c measurements bre
.1‘
quant1tat1ve1y cons1stent w1th the Stern Gouy Chapman (SGC) mode]

’: of \he charqed\Tﬁberface - z‘j _”i‘-ﬂv ._ ﬁh T

o An understand1ng of 1on1c adsorpt1on 1n terms of the SGC mode]

R T o wre amnle

a]lows a pred1ct1on of the cond1t10ns under wh1ch 1tnear adsorpt1on

' 1sotherms may be obta1ned for 1gn1c samp]es and a150 suggests ways 1n..d

wh1ch chromatograph1c retentwon vo1umes of 10ns may be var1ed by changes

CoNG

in. 1on1c strength\ab‘.1qn1c comp051tnon¢of thenmob1]e phase Under

cond1t1ons where_'he suvface potent1a1 1s made constant the recwprocal“,1;7f5.~:n

et

of the adJusted retent10n vo]ume is: 11near1y dependent on the

”'5 rec1proca1 of the square root of the mob1le phase 1on1c strength
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s s 1. INTRODUCTION
Ac1d base t1trat1on wh1ch 1nvo]ves the use of alg]ass_‘*.
f_e]ectrode, a saturated ca]ome] e]ectrode and pH meter has’ rendered"

"_potent1ometr1c t1trat1on near]y as conven1ent to perform as

"ﬁ“1nd1cator methods of v01umetr1c ana]ys1s A t1trat10n curve 1s :

1.p]otted as the pH versus the amount of’tltrant added For example, h

"7\the 1nf1ert1on p01nt of a t]trat1on curve 1s the equ1valent PO”'t r]'

h'7'and the half- equ1va1ent po1nt y1e1ds a pK va]ue

However pH t1trat1on has 1ts 11m1tat10ns If the weak ac1d'°

TQ:;_or base be1ng t1trated has a pK or. pK value greater than 9

: fvsolvent other than water has _been 1nvestlgated Nonaqueous soLyents :

>

r,. 1f the concentrat1on used 1n the t1trat1on 1s ]ess than ]O 3
'f‘molar then a t1trat10n curve w111 not g1ve a sharp end p01nt

' Th1s lS because water wh1ch 1s used as the med1um has a ]arge

- autoproto]ys1s constant of. 1. OO ]O ]4 at 25 C. Water would compete:lh': B

: 1IW1th the wéak ac1d (weak base) as a proton donor (proton acceptor)_" :

at pH va]ues above approx1mate1y 1] Usua]]y, the ana]yt1ca11y
‘f?useful pH range 1s between 3 and 1] Those two pH extremes
'i-correspond to the pH of a 10 3 M strong ac1d so1ut1on and to the .

;'pH of a 10 ? M strong base solut1on

In order to overcome the above d1ff1cult1es, t1tr4%1on in a.

'w1th sma]l autoproto1ys1s constants, or nonpo]ar so]vents have

s

lﬁ;“been used w1de1y (1 2) T1trat1ons(;n m1xed aqueous organ1c |

'-'solvents and aqueous so1vents conta1n1ng a h1gh concentrat1on of
.wneutral e]ectro]yte have a]so been 1nvest1gated (3) S



_~_Hremoves from the aqueous phase one. or more of the spec1es 1n the:.

erent way to approach th1s prob1em 1s by us1ng o

o A d1f : ‘; - S
. heterogeneous t1trat1on. In th1s t1trat1on, there 1s the presence

‘hjof a second phase other than. the aqueous phase Th1s secondophase ;_JI@Qf;tric

"_uac1d base equ?i\br1um The process 1nvo1ved can be prec1p1ta§1on, f.ffflgv' L

giextract1on or. adsorpthon Th1s process can be expressed as-a ,a»,z«-"'"

| fphase d1str1but1on If the phase d1$tr1but1on favors the product
i ~of . an ac1d base t1trat1on then, accord1ng to the pr1nc1p1e of N
Le Chate11er the ac1d base equ111br1um w111 Sh]ft to the r1gh§::r.bq B

.The net effect in'a t1trat1on s that the compound t1trates as- thoughA‘“Qfaf

g'1t were a stronger ac1d or. base On the other hand, 1f the phase ;"fi.”ar} .

\

) ;“*d1str1but10n 1nvo]ves a reactant 1n an ac1d base equ111br1um, the

-compo\h\\t1trates as. a weaker acid or base Th1s subJect has been

:f';,ﬁrév1ewed by severa] workers (4 5, 6 7)l

Only those prev1ous studJes wh1ch 1nvo]ve an organ1c

.c:dso]vent or a so]1d adsorbent as the second phase are ana]ogous

:;”to the XAD 2 system reported here and those stud1es are [-l 'i"{n E 7f’l>fd
itvsunweyed be1ow Chr1stensen (8) stud1ed the 1nf1uence of an ,_.."
‘f;1mmnsc1b1e organ1c so]vent on the t1trat1on behav1or of acids R

"tand bases and has used the resu1t1ng potent1ometr1c t1trat1on

'4b to eva]uate d1str1but1on coeff1c1ents Rata3ew1cs and RataJew1cz

5? 5f(9) stud1ed potent1ometr1c t]trat1ons of spar1ng1y so]ub1e d1proton1c
':_bases in a two- ]1qu1d phase system and the resu]t was used -
to determlne the d1ssoc1at1on constants of the bases Komer (10)

fhas der1ved an expre551on for the d1fferent1at1ng effect resu]tlng }1,"



'3from phase dlstrabutton when t1trat1ng‘a m1xture of two ac1ds
::of the charge type HA in. an 1mm1sc1b1e aqueous organ1c so1vent »t'"
"system Cantwe]] and Mohammed performed photometr1c t1trat1ons "g
M 1n wh1ch weak ac1d drug substances were t1trated w1th sod1um .
shydrox1de 1n the presence of a. water 1mm1sc1b1e organ1c solvent_?,.(_i
.ff‘.as the second phase (]1) and tn wh1ch the cat1onTc ammon1um j;ffv
Ti conJugate ac1ds of am1ne drugs were t1trated w1th p1crate an1on ;-‘!'

- 1n a ch]oroforT water med1um

Q”faphase ac1d base equ111br1a and the phase d1str1but1on equ111br1a

'_:i;of the con3ugate ac:d base spec1es of the samp]e

b

T1trat10ns have a]so been performed 1n aqueous so]ut1ons 1n _ﬂf”
S\

“""dthe presence of sol1d adsorbents Tendeloo et a1 (]2) haue t1trated

’_.ac1ds qf the charge type HA and HZA in the presence of actlvated 1“fpp;,

. charcoa1 MaJor shlfts were obserVed ln the t1trat10n curves '

o compared to those obta1ned in the presence of charcoa1 but

o igattempts to deve1op an adequate quant1tat1ve mode] were unsuccessfu]

th'(]3 14) Stolkova (15) used the potent10metr1c tltratlon curves . o
ifiof ac1ds and bases obta1ned 1n the presence of nor1te, bonechar, ffip_;.”.
;_k1eselguhr and s111ca ge] to est1mate the quant1ty and degree of ;;ng"‘
_exhaust1on of these adsorbents Cantwe]] and P1etrzyk (4 5 6) stud1ed
- the t1trat1on of weak bases w1th hydroch]or1c ac1d 1n an aqueous xa

':»,fs1urry of catwon exchange res1n and found that the resu1t1ng o

' ’4t1trat1on cou]d be quant1tat1ve1y descrtbed in terms of the aqueous ,ht

B

e ) L . L oy
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In Part 1 of th1s thes1s heterogeneous potent1ometr1c .

'f_tatrat1ons of weak ac1ds are descr1bed 1n wh1ch the res1n Amberllte - |
dQLXAD 2 1s one phase and an aqueous solut1on 1s the other Theo— RS
" retlca] t1trat1on equat1ons are der1ved and ver1f1ed exper1menta]1y~;et'
'vfor severa] d1fferent charge type ac1ds Amber11te XAD -2\

: {is a non1on1c hydrophoble/macroporous adsorbent wh1ch 1s,-x‘:p
,chem1ca11y, a copo]ymer of styrene and d1v1ny1benzene It adsorbs txt?
.;h‘chem1ca1 spec1es from so]ut1on onto 1ts surface The deta11ed u |
‘epropert1es of Amber11te XAD 2 are d1SCussed in Part II of th1s o

Cthesfs. .
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1,11, 111, and V.. 7‘~‘,,: Rt ,-,', .;." L f~_a-*

fg,of d1str1but10n equ111br1a whﬂch ex1st between the hydrophob1c .'“ ‘

' :red1n and aqueous phase none]ectro]yte sorpt1on and e]ectro]yte

bi,-med1um The deta1ls of the der1vat1ons are g1ven 1n Append1ces ff}_{'*'

‘l1ts conJugate base B. (e g. benzy]am1ne) there are- two types

':f Theparenthes1sand subscrlpt R refer to SPec1es in the res1n ff'f-’*“
| phase Spec1es w1thout a subscr1pt are in the aqueous phase An :

= .equ111br1um constant may be wr1tten for the adsorptlon aS"-5 v

:wh1ch descr1bes the ac1“base tltrat1on of monofunct10na1 ac1d$ »

'dand chargeﬂtype AHZ’ 1n an, XAD 2 res1n aqueous so]ut1on two,phase

e

2. PROPOSED MODEL =

‘H‘s. o

In th1s sectlon, a phys1co chem1ca1 mode] w111 be estab]1shed
of. the charge types BH and HA m1xed charge types BH w1th HA,

\

In the case of a weak acid- BH (e.g. benzy]ammon1um) and

.-

sorpt1on The former one can be represented as:

TR 'V“" . KB R ."' T R S PE () T T
o ~ ‘~ ‘:»"7 n - \ [B] 'r ” .::“,7 “; ; . . “ "4’ . ‘v. ";'.. é ] h, E "mw::i : “ . R T -
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.. P KBH — T o ‘ _. A ‘\.: - " .
[BH][X] IO

b

In the t]trat1on of a BH spécies, an everall equilibrium R o
» . IR SR SRR - o T
: equat1on can be g1ven

MR =g
;{hAX1:mwxgwfj@&n::ffﬂjth;_ﬁgeueiirﬁymef
'h@ﬂ&ﬁhif"“ v e ‘ : :

_‘andu:_‘ )

zuzo —ﬁé H30 A R ) e

[

- ac d (e 9~ C] Br NO') rt has been assumed that the 1on pa1r ﬁ.{":fiﬁx;«m"’

B sp c1es BHX as we]1 as” the neutral spec1es B can be sorbed by '“?”f}ff ;~f'"””“"

’ i .:..‘ .o A'~"
the’res1n The mech(n s& of sorptnon ef the e]ectro]yte BH & onto SRR AR |

the res1n 1s the subJect of Part II of th1s thes1s For s1mp]1c1ty,. N

of presentat1on at th1s po1nt the equ111br1um 1s wr]tten as a ‘ 3'.}f~[it_ffr_-g‘F'f

FA

" }» 51mp1e ] 1 1on pa1r format1on 1n wh1ch the concentratlon of . 1on
pa1rs, BHX, 1n the aqueous phase are neg]ected The t1tration ';”"

‘; equat1on presented below is not l1m1ted to an 1on pa1r sorpt1on ‘;l;h;}:faxf-,;;;

\.

. .-«-v:.%..w AL e um e LI e ,'“'"""'
* : P Lo o ot .

- , i .u’; A S .
o e gt T e e T g - LI PPN
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‘”_"?méchan'is‘m”‘sﬂ?'i ce its de ivati'on n}]b]ies onl'y £hat BH partitionS‘
. between res1n and aqueous phase w1thout 1mp1y1ng ‘the mechan1sm ‘_-f
_of" sorpt1on on the resin. Sorpt1dn of - H 0 and OH onto XAD 2 res1n -
‘?:can be neg]ected as. shown 1ater on. '&':" o f’ 3 |
CIn the case of the weak ac1d HA (e g. n1tropheno]) and. its
'fh:conJugate base ée 9. ln1tropheno1ate) the equ111hr1a are summar1zed

“’f by equat1ons 6 and 7... o 'f”'llh ;'v - 4}2, {ﬂ‘ ’:;d_ w%
HAtHO K_a__Hﬁs A“*’H‘O'” - ~ - (7)
A 3V oW

s

'-2}7fwhere M s a sma]l 1norgan1c cat1on (e g Na N K ) In elther

"'1 large compared to the amount of samp]e ac1d,.so that 11near i;d-
- f,d1str1but1on zsothermsareexpected for spec1es B and HA. In

o F}%:%;addataon the aqueous so]ut1on 1s made to conta1n a- 1arge excess;""’

'rpscase (1 e BH or HA) the'amount of res1n 1n the system 1s madeV ERE

) ”4:%*vi?;}0f 1nert electroﬁyte (E"g NaC1 NaBr) compared to’ thef“mo nt”ofﬂ;fffffhfffff_”7 i

7R InerE Sloctrolyte eng: Natly Notvl onparen Fo-Hle; amo
f,;ﬂ;g}:“;ﬁ]samp1e, soothatmthe oonoentratlon of X or M bécomes constant

ku.: B

Elfl 1 1on pa1r retent1on mechan1sm the sorpt1on of BH and A"
p A
V-'descr1bed by the heterogeneous equ1]1br1um constants

a(BHX)R e a(MA)R
K —_— and Ky = ——
BH*eq P Aseq

ERC L | ' ;(8)_ |
Ll Sel e BHaX ¢ }f »':-»v-t,,:: i M aA -

'j_1ndependent of\the amount of samp]e 1n the system For a’ s1mp1e ':,figqf(ff:.




where a Ts the act1v1ty of species i. W1th 1arge/excess of M or.
S ..4

[ O these equ1]1br1a can be represented by d1str1but1on coeff1c1ents
e DI Tex oo

CKgy == Ky, X gy Lo

o T T E N

- _ R o

L A e

K ;je——él& =Ky 11@3L—e I (o).

AT T T Meq o (10

, ’”‘T(M.A)R .

.

':where rlﬂare act1v1ty coeff1c1ents, wh1ch are constant dur1ng a

.m}tltrat1on under ‘the’ spec1f1ed exper1menta1 cond1t1ons If th]s ion- palr.b
.SOrpt1on mechan1sm preva11s; KBH and K’ &*11 be constant (1 e

_ Tinear distribution 1sotherm) On_ the other hand, if more comp]ex

’ fasorpt1onamechan1sms preva1] KBH and KA may not be constant ;abute’,_°

ﬁexper1menta11y measured non]]near d1str1but10n 1sotherms w111 st1]]

"accurate1y descr1be the system | | | -

| ', Tab]e 1 11sts the equ1]1br1um constants and d1str1but1on

f;;;coeff1c1ent express1ons for the ac1dSBH and HA in the presencetof

7'1“‘an excess of reswn and 1nert e]ectro]yte These are comblned w1th

:']**the approprIate mass ba]ance and e]ectroneutra11ty equat1ons to o

53'*37f?5produce the potentiometrlc t1trat1on equat1ons (Append1ces [ and Il)ﬁtf"‘

“_:For the t1trat10n of nt mo]es of ac1d BH w1th strong base NaOH

5rthe t1tratlon equatlon is:

- nBHKa BH(V * KB”) Ry V

) H(v +Kg w> ’_L K BH(v + KBW?‘_ HTOH TH -

- r B OH



10

Ty | Table’l:
"Equiyibrqu constant and d1str1but1on coeff1c1ent

ex essions for ac1ds of the charge type BH

_;and HA °

T T ;'a’“’-" [HA]

1n text and Equat1ons 5 and 7




- p',where V 1s the voTume of aqueous phase w 1s the welght of the re51n,

:_fand nOH 1s mo]e of t1trant added The t1trat1on equatlon for ac1d ffpvjkie

.,.,.-

‘,_;HA 1s 1dent1ca1 except that nHA’l HA and KA rep]ace "BH" BH and

‘-ﬁ_7a11y measured l?ptﬁfflffT??T”é

| ':KB The t1trat1on equat1on for HA ac1d 1sf':iaa:f PR

| _ ';f":"-' n, ifh A(} + KAW) va '-'_f:._';'; -—5_" =
H”’ + KHA*() * HA(V + KAW) H'Tou ‘TH

e '-‘,C‘HL

: ¥;The t1trat10n equat1ons can be evaTuated oncevthe 1oanat1on

The 1nf1uence of each of the heterogeneous dlstr1but1on

o coeff1c1ents on the~shape of the t1trat1on curve w1TT now be

,cons1dered F1gure 1 shows an examp]e of the effect of KB on the ;;

| ‘:t1trat1on ‘curve. of a hypothet1ca] ac1d BH w1th K' of 10 ]0

»BH g
‘,:The effect can be understood 1n terms of LeChateT1er S pr1nc1p1e

f‘The spec1es B is a product of the t1trat1on react1on, so that 1ts

: '-1_"sorpt1on by the res1n sh1fts the ac1d base equ111br1um in: the

'fproduct d1rect1on The port1on of the tltratlon curve before

~

‘ fb'the equ1va1ence po1nt is sh1fted to 10wer pH vaTues w1th 1ncreaa1ng

bferB, caus1ng the ac1d BH to appear as though 1t was a stronger

l:fv'ac1d Data for these curves are presented in TabTes 2 to 7.

: The 1nf1uence of KBH 1s oppos1te to that of KB Here the *;:"*_,'4? ;'

remova] of reactant spec1es BH from the aqueous phase 1s greaterif-»

.......



el ' R ETON R TS ) R R P
A effect of KBH on the t1trat1on curve of an ac1d with Ka BH—]O I fv' S %

‘V.The data for these curves are tabuTated in Tab1es 8 to 13 A]though
i a KBH va]ue of 104 has been assumed in curve 3 of F1gure 25 ”f* S ’}G;;:j};hi.: 
:?1:15 un11ke1y that KBH for a rea] compound wou]d ever beas: ]arge Lfi:j?f;fffl“;"';

' as KB where X 1s an an1on such as C] Br N NO3 or C]O4

The effects of KHA and KA on, the t1trat1on behav1or of an :1;fff:fffﬂi“f;ﬁ}?'fiﬂ

o d:ln th1s case HA 15 the reactant spec1es and A the product spec1es

;;;;;5:QThe deta1]ed der1vat1on?bf the above equat1on 1s g1ven in Append1x-\- B ‘:‘Y,i””f

ST

.and absence of res1n (NR) the d1fference 1n pH 1n the proton—fiww.“ ibfh
:fffblnd1ng neg1on (5) of the curves is. glven by equat1on 13 (Appendlx Jff:qx;:?%f 'aui_
.“1;fIV)J>,_.f-» ' "_-V”f"h;«,”.';:.1'; ':_.f‘ ;.“'f;'f’-"";'~ff?7:é :;1Fi}futt‘;ttf Sl

pH = PHONR) = BHR)- -~ o

S v + KBN

. -'x

A
v

viThe'ana}odous_expres§ﬁonxfon‘ac1djHA:Xf

O pH = pHWR) - BHR). L
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Ty EEREE

-

_.?Figu?éu1; fi'£ Theoret1ca] t1trat1on curves for ac1d BH _é:
| ."»‘_ reSIn so]utlon medlum Effect of K (Curves' AR

o ca]cu]ated from Equat1on 11)

-','Féf’aéiid-'-anff-Ka o= - Ox 10 ‘0, V = 0 050 h?
-~ _ _4 P T v.
u—BH~— 5 00x 10 mo]e BH L T A Ty T

<

o o ooso kg (Curves .2 - 6) |







,,,,,,

0. 0050 kg (Curves 2 - 6)

‘TIfCurve NQ.~"" RS ]57 3 4 s 6

x 3;;'Theoret1ca1 t1trat1on cur¥es for ac1d BH af":['f‘
4‘1}res1n so]ut1on med1um Effect of K BH" (Curves

f;_ca]culated from Equat1on ]1)

S o : LT r:/-) i

AR O 90y - o aeq -
};’For ac1d BH | a BH }] 0 x]o v o 050 1

-4 4

5 00 X]O mo1e K = ]0

"BH-

"‘," “ o~ .,.ﬁ.q

_O,(Curve 1),‘— 

s e
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wafee @
h

G

| Tab]e 2

’Hypothet1ca1 t1trat1on data o

~ for Curve 13 F1gure 1

', PHf .\' E e | Mo]es of NaOH»

" added

| 70 -  51_‘ |
”‘7;5 A.i{."\-ii3  -
,f3;0 : ‘ 1; § w;f;¥t§sQ2XJ0:€ﬂﬁv7: ’;:

65 . axfe?
| _.500x107jﬁ

BN

85 R ].’_555(]0-5 SRS
| '.k_gv:_.o - »- . 45] X 10-53,4 . L R

'tfv€f9£5; :ﬁ?*!fff}}i‘;:ﬁfilzz"]0—3al
D000 a0

S

10 5

Hd

11 5

o e m

20 ‘ S B[RS T

"vl 60x 10-6h j‘f,‘)

'.501x10‘4.'-‘ -
20x107%
93x1073

S

A]] other 1nformat1on can. be found'i'.i

in F1gure 1.
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a

T

AV'-J-‘-" .. .

Tab]e 3 1'"

Hypothet1ca1 t1trat10n data ’

for Curve 2 F1gure 1

Ko = 0 Ky = 1 °

 Moles of NaOH -

.
0.
.
‘_ 1.

. . Q" o
‘0 N~ o |

© »m D v.5 o & e i o oin

L 1.57x 107
s, 50x 107
. 1.75x 1078

P 31x10'4:f

. saaxi0
B 94x10'4
”--1.,15x.1,q‘3>9

RS

A]] other 1nformat1on can be found'

1n F1gure 1

"“'_added e

5:s0% 108
e 70x10'5~-.‘_ o
s.02x10°%

. H fg..ii : '2 68x ]0-4. j
o, 09x1o‘~4

“ :

e




Tab1e 4

' Hypothet1ca] t1trat1on data

: for Qurve 3; Flgure 3% R
. “:g?ﬁ'*fq’ KB 100 T d

‘7”1'Moles of NaOH :_‘ 1w"f

, "f'7 qd
ag f7.5.v
S s
S} ofdj’fa;t"
9. 5
00
105
"'f'11 0
,blfir 5,‘

I added
04 x 10_8 :

.99% 1077
16x 1078
87x 107
.00x 1075

LN T H -
00 W | AD: .w.{-_«o‘ N

-

96X 1 0"
T

o0x 107

NG e W

.99x 10'7>n'l> -

.\ ‘l i .40x?10f4 .ﬁf
531074

La2x 1074

Cornaex 1073 -

<X

. in'Figure 1.

édAi]fothér"infdfﬁatfon;Cdnlbegfduhdfii.' o
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e— K

Hypothet1ca1 t1

) Table 5

trat1on data‘.‘

for Curve 4 F1gure ]

‘Mo]es of NaOH

added o

Sl O ¢ o o o

© VW W KN N oo

.

—— ~—

L — [
Lo us 0 o o u

-
[}

. 4:96%7075
4;129x10’4f P
L2 63% 10'4¢> -

4. 90x1o 7'

: 1 72 10'5',';"

1.68% 107

-5

'-4 65 10’4,'"""

Cs.07x 707

s 61X10'4 _
okt
Cqaex0d

@ A]] ether 1nformat1on

“; 1n F1gure 1.

[ :
.

N
[ Lo

canjbé'fouhd’*c

510



)
L=

Hyp0§‘é¢3ca1_;i£;a¢15h data -
for Curve 5 F1gure ] o

ot

- Kgy 7 0s Kg = 10

- Mo]es of NaOH~f_: ﬂ'_,'

5added

‘1.80x 1078 _‘;"
kl4ﬂ94x10

';4,59x 10 5

71.ssx1o-5fu, o

1.21x 1074ff;; e
2.51x707%

';3:81x ]044;‘ e
asex 107t
e 0t
5.00x 1074
sloxi07

Lesx 107
.7.Qéx‘j0’4%_ .
Caex 03

Al] other 1nformat1on can'bé f°“"dj o

fn Flgure l

N

e
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Tab1e 7

Hypothetlca] titration data J

for Curve 6,_Flgure 1

e ‘Moles of NaOH
. added

R [ A

s,*4,35x_10‘6ff'

2 "]:',115'2X. TO-_—SY )
4.54x 7075

1.20% 1074
.50x 1074
#80* 1qf4,~
ssx 0

96 1074

[ I R N R

o

.06x 1074

5,2rxf10‘4“_“'.]¢‘”
5.66x 1074

f<7,08x 1074

| 5[1'1 16x. 10‘3 u;-5 j'; |

.85x. 107

ot

1n F1gure 1.

A]] other 1nformat1on can be found

‘ 22



‘ s -4

] Hypothet1ca1 t1trat1on data S

fOr Curve,l

4
5BH j]o

PH.

i;v Tab]e 3 e

;.Flgure.2,~-

N
i

vlv B = "04 . o"., ’ » ) ,

* Mo]es of NaOH
_added ,

7.0
"“:Z‘s -

f6.§l

8.0
e
 as

~10.0

10.5
1.0

Y
1 f12,o--'""

1

5
R -"—‘ "]
5.

{‘H 1

;4TxJoj7j.:

.60xpr5
'dEQ:IOéGI,V
Cosaagt
‘:_4§6lx‘1055f ¥  e
,22x7]Q‘4ﬂ f

55 107

2.57x 1074
4@*1&4"
5.

6.93x 1074

20x 107

,i5X10f3%-'“

ST

A]] other 1nformat1on can be found

: 1" F1gure 2

N

Vel 4 0
vt o e
. e



DRI

Hypothetica] t1trat10n data ..ij Zg,ﬂ:  .r{ |

. for Curve 2 Flgure 2

pHo "’7'ﬁMoles of NaOH
. added

B0 4.36x 1077
V_SiSf;,;.' i 3"‘”-fj-55x]0 |

| .,,afoff'f,,_" ! '1:'x4 52x 0" 5."’. |

: °'_-845Yﬁé§j..5 i f:}-¢[1fZQX:107454;.,;" ‘
Lo asoxwt
s T gt

R I Caeixgt s
s s 0sx 107 /_"a*i',;:,i>1  f\ SN
Mo L s 10‘4&73'H1,j"j‘ T AR

s gt

"-a12:0 5'ﬁ"c: ; ’a if :fll]sx:]ofé_'. .

A]] other 1nformat10n can be found

] ln ngure 2. :‘ “_ '-'{ta:f:f'/":'“ L



e Hypothet1ca1 t1trat1on data ‘.
“:ifor Curve 3 F1gUre‘2 Vf f}-§ e

o .__ 2 | 4 a FRER E LA

e &

pH - T Motes of NaOH SRS
. added. ,,-»,-,\1;1:

55 a0 6
‘i7;6,q"~fxff,”; f}*“Qg,4;45x 10 B
Ces o 1uio 5--;‘;“;
70 T T axaet
75 amaet

‘-i',:“-_'l //

X074

o

2
o aest

vy
[82]

—
—_

e . . e e e
[$4]

IR
' 5.19x 10‘4',f o

o ‘AH other 1nformat1on can be f'o‘un:dv

m F1gure 2. e Q o
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SO WO 0N NG G o
. BN . e . : . .

et ot

'[able n
1‘.'.'.for' Curve 4 Flgure 2 :

_ '.-_\ -”;.}.‘ajfa 4 a
Ky = 105 Kg =107

9 o S A R S oL v
: o P N s
13

T added

_f Hypothet1ca1 t1trat1on data .

MO]es of NaOH f‘~f{ﬁiﬁ'_',.fj

,_1._89;.10 -
7.60 108
2, ' 38"5(1 o.‘-5w :
6 83x 107 |
1e7x0t

- 5.00x 707
5. 06x10‘4
521X 10t

_..
-3

" s 66% 107
7. 08x 107

O o e b b o m o oo o T

SN

e 3.06x 10'4- o

71074

' ’};4§21X19—4a;.. o
Caorxet

R 1sx1o‘3,', .

A]l other 1nformat1on can be found

I

1n Flgure 2

4}&_. .



. o o - w - .
...... 2 R K B -
. 5 -
~ < . )
LA . - - R - s °

 '1 ? Hypothet1ca] t]tratlon data f' -  ;'1 TN

-‘{?for Curve 5 F1gure 2

P Moles of NaOH .
e - added - - R

5.0 "“"";.* -  f; 3591x 1075”,-15'7f ‘;'f;}:j* o
B 5.5 ; 11 *.«"%38*'10;5", ; R
65 | .l ]2X ]0_4_‘ ».

70 C2.38x107f
75 _rf3'3;71x10'4'"
8 iSJO u | Lo TR
s

00 seexat
Cols maist
33i7j1~55:-f 515: >'*=*_ j7 oax 10‘4 i

';1?:0  t{f fi ;} o - -3

o : 5 A]] other 1nformat10n can be found }1, : ;; -/ :-

“f 1n F1gure 2




Tab]e B
SRS |

Hypothet1ca1 t1trat1on data

e ._fon_Curve-G,-F1gurev2-

K

- Kgy =0, Kg'=

B 42
Kg =10°

 Moles of NaOH ‘

e
60
‘ZLONI

75
X

' -.  '8._5'
Ces

s

oo

© 20

' :added ‘ |
RO _4.35x10 o
| "]«.'52_x' 19—5 B
- 4.58x7078

;:’ . ,-1i20x10 4  R

50x107

.80x 107 I
s5xiot
.‘85x 0
96x107% S
.00x10'4',", B
.06 x 10'4.',]
;,21 X 10'4 —> W
.66 x10° 4 o
.08 xllof“'v‘
©o1aex107d

~ ‘nf"01§'in : 01‘~4>l.4> > w N

A]] other 1nformat1on cantbe f§Qnd ‘ ”'”

1n F1gure 2

L
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Equat]ons ]3 and 14 are va11d when both pH(NR) and pH(R) 11e etween

» 4 and 10 for ‘the- cond1t1on nBH or nHA > 5)(10 4 “moles and V <L;Q,05 L;';ff“

For ]arger samp]e s1ze or smal]er vo]yme, the equat1ons are
va11d OVer a w1der range of pH and n. L ;//’

T1trat1ons 1nvo]v1ng BH “or HA type ac1ds have been descr]bed
h above More comp]1cated cases such as the t1trat1on of an AHZ tYPe
aé‘d"or an-acid m1xture w111 now be presented o

| The equ1]1br1a ]1ke1y to ex1st in an aque0us phase so]ut1on of
AH2 (as the X sa]t) in: contact w1th a non1on1c resin phase are

presented in equatlons 15 e-]8

. o . a AHZ e L g . _h7 i S
_. AH2+H20 e AH+HO o 8)

.'»:; e o L ]LKAH' :
X~ - ) RE | . .

o o K; T e
"~ HA. % H20 < A i+‘H30'iv:'§: o ',b {16) |

oM

._.' / | ”KMA,eq S

,v | g (MA)Rl".ﬁ.' ‘

']

~

2

AHZA

An2 + A 3 (AH A)R o an



o KN . .

T—"—‘

Hené X 1s the conJugate base of - a. strong ac1d (e g C] » Br ~.l )

'.N03 or C]O 4) and M is a noh ac1d1c cation (e, 9- Na s Kf) A . “'?

' ‘ Equ111br1a'ex1st1ng na so]ut1on of a m1xture of weak ac1ds'
' BH and HA in’ contact w th non1on1c res1n are g1ven by equat1ons
'__5 7and 19 - RN B

Kewh

T A4f' — (BHA)R T () S

;’vIn both of the systems descr1bed above the aqueous phase conta1ns e

a 1arge excess of 1nert e]ectno1yte MX (e g NaC1 NaBr) compared
'to the amount of samp]e Y that the concentratlon of X or H
"becomes constant, 1ndependent of the amount of samp]e in the so]ut1on
: tFor a s1mp1e 1: ] ion pa1r mechan1sm the sorpt1on of BH and A
has. been descr1bed prev1ous]y The sorpt1on of AH2 can. be descr]bed
' 'fby a heterogeneous EQU111br1um constant:* »",vﬁl
_ _ ‘ s
a i .
‘ | (AHZX)R o ._ (26)-'
AHz’eq ‘ \ R . a .. . . ‘_ “ ‘..
: AHZ X '
-i;where a; 1s the act1v1ty of the dwfferent spec1es, i. N1th 1arge
‘.excess of X 'y th1§ equ111br1um can be descr1bed by a d1str1but1on

' :coeff1c1ent that is:



V'K‘ - LAH. X]R TAHTx - e
2~ _ AHZ,eq s _ -
o | 'TAH X, R |

Tab]e ]4 ]1sts the equ111br1um‘constants and d15tr1but1on'
| ‘ coeff1c1ents for the a 1d AH2 and ac1d m1xtures ef BH and HA
| Jin the presence of an excess of resin and 1nert e]ectro1yte

By comb1n1ng equat1ons rrom Tab]e 14 w1th the appropraate
::; mass and charge ba]ance equat1ons (Append1x V) potent1ometr1c
t1trat1on equat1ons ma} be der1ved For a. t1trat10n of nAHZ moles '
of ac1d AH2 w1th strong base NaOH the t1trat1on equatlon has -

the form

: ; M a AH [AH] (V N K w) --w

HTOH TH H, o

a [AH]2+b[AH]+c =0 ; /23)\

31
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‘ Tab]e 14 Lot
Equ111br1um constants and d1str1but1on coeff1c1ents co

for. ac1d AH and acid m1xture BH and HA -2

RV P : e 8y
Va,AH -—t

Mo [AHZ] | f?’B”f; ECTR N

g fA Ty EA‘J»”aHt
. K a,AH ~ w] Ka HA —_—

W73y 'v;  . Kw~?AaHf-a°H; .
T .7 SR ”‘1IB”X]R

o Ka, b e

[AH]R . . K;'; : [HA]R
W e oL

.FAH‘

. _[MA]R o
S
. [AH AJR S  f;xj1T}e

AH —

[AH2][A 1

'af‘H is. hydron1um 1onzact1v1ty A71 other SymbO]s o

| o def1ned in text and Equat1ons 15, 16 17 and 19.




| where . = e 'Q1(24);xdt .

| 'On]y the pos1t1ve root w111 be taken as the so]ut1on of equatlon

' .j}equatlon 22 can be eva]uated once the 1omzat10n constants knd

' the d1str1but1on coeff1c1ents have beqn measured Ac1d m1xtures

4_b1trat1on equat1on can’ be wrltten as

' where [HA] and [B] are two dependent variab]es 1n eduatjbn327;ahd’

o PRy aKam L

K o,
a,AH2 v
'f:_b'é (V + wKAH) + —E—Aﬂ(v + KA ) + -—-——(1‘+ ”KAH ) (25)
- S T M a AH '
”:_; i

o -
n

;: | (25) o

-

'23 s1nce the va]ue of ﬂH can not be negat1ve The t1trat1on j"

hd

of [HA] and [BH ] can be treated 1n a s1m11ar -way and the f1na1

3 L’v..-en, vtkw}vn' aHy( K( fAn. g
nOH =
SR HTOH ;TH/

+ KBH” ———['i’ A B] [HA] RS e
Ky BH ST ‘fJ ':f»‘fo7F:ih ;{h L

SR . AH o - ) o L ] ‘,.a'f I S .

“>S1nce a and b are pos1t1ve wh11e < “is negat1ve 1h the above

',quadrat1c equatlon both pos1t1ve and negdt1ve roots\ex1st e 5 ‘;'\‘- o




. a HA K! a )(
“TH B . ;f:* a, BH >H;

«where o f([B]) = WKy, + V(¥ \: ”A)+ WK ([81-2HA oua

~ " and [B] fs,?hE‘soIUtion of thgffoiloWTanQuadfatiC eqoationf .

e

I

RRCOER IV I B I (28

g wKBHA'EAHA_(nHA' ng )+ [(V + wKHA) * Z HAH L
Kagn R, np-:n '

o
0

R (A wKA DL + ) g0 |

a BH '_;§nf¢

;_shéftnéﬂ ) 'fh,.:7“' e; o :'-\;fif"'7j‘. (33

Ty
S

1

i

‘_:Here n HA and nB are the number of mo]es of HA and BH ac1ds being

v

jt1trated As 1n the so]ut1on to the quadratlc equat1on 23 on]y the

N

The effect Pf KAH on. the t1trat1on curve can be understood

g pos1t1ve root w1]] be taken as - the so]ut1on of equatlon ﬁb

K SR S

' .AELﬂas fo]]ows In the presence of the nonionic reSIn, AH wh1ch is trw;'ff'“ S

,,,,,

1po1nt s1nce HA 15 the reactant for the second d1ssoc1at1on step
N

: e
gl

",on the res1n ThlS wou]d sh1ft the equ111br1um and show a sharper fcf"

<fjf1rst end po1nt break However th1s wou]d weaken the second end -



_\'_
" Eig9reH3}. 5f' Theoret1ca1 t1tratlon curves for ac1d AH2 in the
- presence of res1n Ef#ect of KAH A (Curxes ca]culated o "]“

A _ B ‘

w

: from equat1on Zé)

e T T e T g

" For ac1d AH e i
a AH2 ] 0 X 10 ;. a AT

1. -4. o
-0601; nAH2 5.0 x ]0 . mo]e KAHZ 10, .

,.-KAH&fj}Q-;{KA.%‘}Q§”w_. (Curye 1), 0. ooso Kgx"'.. i o

'5;0;xfi078§

'5v;_(Curves‘255).”i ‘ R

 Curve Mo 1 2 3_7'~“,4- 5

e T 8 4410 12
gh T[T 0N 0 e
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N F1gure 3 shows an examp]e of the t1trat1ng curve of a

---"lupothet1ca1 ‘acid HiA w1th K of 1.0 x 107 -6 and K Of 5 0x
1 'LO Lurve 1 1s the t1trat1on curv e 1n the absence of the 1"

\ ' ' .
non1on|c re§1n Curve 2 to. 5 are the twtratwon curves w1th var1ous »

\va]uek of - KAH X Curve 2 1s obta1ned when KAH A 1s zero There 1s -

2 : 2
Wnot much- d1fference between the t]trat1on curves unt11 KAH A i
. : - 2 :
very 1arge (Curve 3) For va]ues ]arger than” 108, the t1trat1on
10

‘curve changes drast1ca11y, e g Curve 4 w1th K, ..0f 10

AH2A

d .
AHZA of 10 The effect of KAH A 1s 111ustrated 1n

Curve 5 w1th K
l 2"
F1gures 4 and 5. In F1gure [ [AH], vh1 his. the product of the
‘1ff1rst end po1nt, 1s p1otted agafnst pH on a. ]ogar1thm1c sca]é
f-l Curve 1 of F]gure 4 1s obta1ned in the absence of res1n Curve 2 :
'wh1ch is obta1ned 1n the presence of res1n 1s essent1a]1y the

same for KAH I up to 106' Curves 3 and 4 are obta1ned when KAH A ,

2 1of
10 ‘and 1012

1s 10 respect1ve]y Because of the 1arqer va]ue of

: 4+
AH A 1n the 1ast two cases,;HzA and A as AH2A on the res1n and

show a re1at1ve]y small but constant va]ue of ﬂhﬂ Fnoure 5

'descr1bes the effect of KAH i on the concentrat1on of [AH A}R g
.- 2 o S
'wh1ch 1ncreases rap1d1y from KAH A'of 1*(Curve“1) to’ 10 (Curve 5)

_ as expected | ' ’ AR

‘ F1gure 6 shows the t1trat1on curves for an equ1va1ent mlxtur”
u(2 75 ]0 ﬁ mo]e each) of two~hyp0thet1ca1tac1ds w1th.K' BH ‘ﬁdf,'
”Ka HA both 1. 0 X 10 7; Curve 1 1s the t1trat1on resu]t w1thout

ures1n present Onty the'second eqa1va]ence po1nt exhlbfts a “break” o



Figure 4. :f' P1oté-of “log~[AH] versus pH.in’thé-ppésén;e7qf resin. -

R Effect of K, . A1l other data is the same as imn
o T T TAHGAT T T T T T -

‘_Figure 3.

0 curve r? AR | 2 T !
L ‘-,7_:KAH2A | o - <]0, - 1077 . | VJO_ o

.38
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r

' ./95‘" EffeCt Of KAHZA A1 other data is ‘the same ,.?:-'
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. Figure 6.’

22

oo

e

»Thebrétiéa]‘titratfon Curvés for ac%d mixturé'of
| BH and HA 1n the presence of resin Effect of j’

o kBHA (Curves ca]cu]ated from equat1on 27)

L
b g

"*lfﬂﬁ< T — ;;%. ’f'f,;sg\=

‘:}r:For ac1d mlxture K' HA‘“ 1 0 x 10
'10

-o,

f@urye No.

3 Ka BH 1.0 X.v i

N Ko = 2g:
v 00501,nBH HA 275x1o s Ky = 485

g';;; HA - 430; Ky = 105 Ky = 2.9 x 10t w2 0 (Curve W
= 0. 0050 Kg (Curves 2 5) j'_~ - ‘f; ,,"-fﬁju=: Colus
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v":HA are- comp11cated by sorpt1on of the AHZA and BHA spec1es on the

e

o .424"-' ¢

1&_In the presence of res1n a f1rst equ1va]ence polnt eppears and becomes

Targer with- 1ncreas1ng KBHA at the expense of the sec0nd EQUlvaTence ;:f!- S ?"'-‘

.:ppo1nt break Th1s effect can be expTa1ned 1n the same way as the

: resuTt in F1gure 3. KBHA pTays the same roTe as K in the AH2

AHZA

'.t1trat1on When KBHA is Tess than TO 'y 1t has v1rtuaTTy o effect fﬁ e
»ifon the t1trat1on curve‘ The effect of K HA on two of the spec1es
-_Eare shown in F1gures 7 and 8. Flgure 7 1TTustrates the effect of
:KBHA on [B] the t1trat1on product of BH . Curve T 1nd1cates a,

: B
Targe vaTue B "in the absence of resin after the f1rst equ1va1ence

"7ﬁpo1nt Curve 2 is: the resu]t of the presence of resin w1th KBHA R
.up to. TO The sorpt1on of B onto the res1n phase decreases B‘,hh '
"_Curves 3, 4 and 5 represent KBHA va]ues of 108, TO]Q and 10]2

”",W1th a . Targer/and large BHA’ [ﬁ 1s d1m1n1shin§ from the aqueous
'fhphase F1gure 8 shows the oqpos1te effect,on [BHAJR from the

i'”fjncreas1ng of KBHA Curve T 1s the resuTt of'a. BHA va]ue of 10

,hW1th an 1ncrease 1n KBHA (Curves 2 3 and 4 w1th K 8

10

BHA of TO .
and 10]2),‘BHA 1s TargeTy adsorbed on the res1n phase Hence
| ’a Targe vaTue of [BHA]R is obtalned o | Lo

The t1trat1ons of AH2 type ac1ds and ac1d m1xtures of BH

. non10n1c res1n. If KBHA 1s equaT to zero then the t1trat1on of the

nk.r{ac1d m1xtures 1s the same as tltratlng two 1ndEpendent ac1ds BH

»“.‘and HA In soTv1ng the t1trat1on equat1ons, unTess KAHZA and KBHA

o by om1tt1ng them

- dre unusualTy Targe the t1tratlon curves w1TT not be: effected much T”tle;f.

Low
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rffP]OtS Of ‘109[8] versus pH in the presence of res1n

' Effect of KBH A1C other data 1s the same-as 1n
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'3t1.Apparatus.;]” L s e
| ( v -',‘.; S . o o . ;_f';_;' ERN pnﬁ.

T1trat1on equ1pment for th1s work cons1sted of a. t1trat1on vesse]

3. EXPERIMENTAL

e \

G eTectrodes pH meter poTytetraf]uoroethyTene stopper and m1cro---

e

w1th .a voTume of about 150 mT The stopper was machlned to- flt ,1 -

meter 'buretti The t1trat1on vesse] was a ]1p1ess g]ass beaker

©

: ’i;for th° m1croburette t1p The t1trat1on vesse] was put in a

‘_constant temperature water bath that was kept at 25+T C The pH

.meter was from Fisher Sc1ent1f1c HodeT 820 It was equ1pped w1th

p'eTectrode l'ksher Sc1ent1f1c Company) The meter was: standard1zed
| fw1th pH 7 phosphate buffer and checked w1th pH TO carbonate— )

'.borate hydrox1de buffer The accuracy of the pH va]ues reported

»

. _1s + 0. 05 to 0.10 pH un1ts._“-svoi- - - 7:-.ff* ;: o ‘t;:~ -

It was demonstrated that the pH’ obta1ned 1n a stlrred res1n

; 7;“suspens1on d1d not usuaTTy d1ffer by’more than 0 1 un1t from that

e

' 'fTInstruments, Great Neck N(Y $ A 10 cm th1n—drawn plece of . f‘
b fTex1bTe po]yethy]ene tublng wasnf1tted over the burette t}p 1n a

”“7“order to a]Tow it to be used in the hor1zonta1 oos1t1on Th1s ;

\

f,m1crometer burette Whs ca11brated by cumu]at1ve1y we1gh1ng

SIS B

49

. the- vesse] It has four ho]es,'two of thCh are for the eTectrodes,_

- the th1rd pass1ng n1trogen gas over the solut1on and the fourth o

' ‘_.:a glass eTectrode (Flsher Sc1ent1f1c Company) and a saturated ca]omeT

/:
measured after aT]ow1ng the res1n to sett]e In al] the t1trat1ons,

| '3t1trant was: de11vered from a 2 mT m1crometer burette (Roger Gleont f ‘



"'jmodeT 230 Absorbance Detector (Spectra Phys1cs, Santa Olara,‘Ca]1f )
.vGTass chromatograph1c coTumns (2 8 mm I. D ) and°add1t1ona1 vaTves |
::and gauges were aTT obta1ned from Laboratory Data Contro] Tw0'

' d1fferent coTumns of 30 cm and cm Tength were used The g]ass '
'-3_coTumns were dr1ed and packed w1th Tess than 325 mesh XAD 2;res1n
"r,(Tess f1nes) The f]ow rate ‘of th1s pump was checked by coTTectlng
.,._: the eff{uents in a 50 ml burette It was found to have no’ more than _,1

: % error when the pump was set at 0 5ml per m1nute

l

1- ] 3 throughout the eﬁ%1re 2 mT range Thus, 1n the t1trat1ons, the

| bobserved volume was. 1ncreased by 1. 37

Chromatograph1c measurements vere performed w1th a mode]

.‘ZCMP 2V pump (Laboratory Data ControT R1v1era Beach FTa ) and a.

o)

.9

Other than be1ng used 1n measur1ng the d1str1but1on coef—

! 7

:’_ffc1ents d1rect1y, chronatography was aTso empToyed 1n determ1n1ng
;”the aqueous phase concentrat1on in’ the batch equ111brat10n metrod
TfWhen the concentrat1on of the de51red spec1es is too ow, it |
1'1s more advantageous to concentrate 1t 1n a pre coTumn (5 cm)
":tp,prror to the anaTytlca] coTumn Fxgure 9 shows the apparatus used"
‘tfiftthls Etudy The opera11on of th1s apparatus 15 S1m11ar to that |
Tﬁpor tantue]l s \orL (17) that 1s the sampTe was 10aded onto ;‘:
;_CT, the pre co]umn through an 1nJect1on va]ve V2 The elect-“f
V}ro]yte was- eTuted through P2 (so]1d T1ne operat1on on the rotary
) valve VT) After a proper t1me the samp]e was transferred from .‘

T”D1c] to cz anaTyt1caT co]umn (dotted T1ne operat1on in V1), bya'i"

£

":Ius1ng a dxfferent soTvent (e. g s h1gher methano]_pertentage in'thef'-

0. TOO ml 1ncrements of doub]e d1st11]ed water The error was found to be

"



i -,,_FiQUéé'g:-'

V1, Rotdry valve!

. Diagram of the 1iquid-chromatograpi .

B
PT, Main pump; .

P2, Auxiliary pump;

“.Cl, Pre4c01th (~5*chllong); o

’;C2, Analyticél'coTuhﬁ {30 cm Tbng);v -

V2, Sample fnjettibn vqivé,.'.'

51
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.53
-mob1]e phase) and e]uted ‘ A
' A B]ue M ag1tat1ng constant temperature bath (B]ue M Company,

B]ue Is]and I]] ) was used for 1sotherm stud1es Spectrophotometr1c e‘

'_mea5urements were made on a Un1cam SP 800 Spectrophotometer (Pye .

Un1cam Cambr1dge, Eng]and)



. .3.2 Chemicals- -
enleamane vas. obta1ned from Br1t1sh Drug House anq‘was used E
- ,w1thout further purif1cat1on T1trat1on w1th hydrocthr1c ac1d

_y1e1ded an assay va]ue of 98 07%

-Dextromethorphan Hydrobrom1de |

':]ni'Dextromethorphan hydrobrom1de was" k1nd]y supp11ed by Endo Laborator1es L

'1w(Garden C1ty, N Y ) It was ana]yzed by FaJan s t1trat1on as 95 O% ,}1
‘fthe other 5% is water '

E

. anheny]guanldlnev*

Dlpheny]guan1d1ne was obta1ned from Br1t1sh Drug House It was.

<1; recrysta111zed tw1ce from ethano] then once from to]uene The

' me]t1ng po1nt of th]s compound was: found as 149 8- 150 1°C



-'t1trat1on as 99.74%.

: 56
N S n
‘MoTindone,Hydroch]oride

- Mollndone hydroch]or1de Was klnd1y supo11ed by Endo Laboratorles and

Was used w1thout further pur1f1cat1on It was analyzed by FaJan s -

' ‘Naloxone Hydroch1oride;-

| HCI"" o
AN CH, CH—CH2

"j Na]oxone hydroch]or1de was k1nd1y upp]1ed by Endo Laborator1es

'It was used as rece1ved FaJan S-ti rat1on of tr1s compound y o

”;y1e1ded an assay value of 97. 66% the remaInder is water

N1trqpheno1 was obta1ned from Eastman Kodak Company (Rochester,

dh'NQY{); It was recrysta111zed tw1ce fro} 95% ethano] ThQLme]?1n93~»-"f“*f P

f"po1nt of th1s compound was 96 7 97 2°C

.’7-!, Tetra in- Buty]ammon1um Brom1de (TBA r) was. obta1ned from Eastman

Kodak Company It was used as rece1ved, The absenc of ac1d base 'm'
*1mpur1t1es 1n TBABr was ver1f1ed by t'trat1ng xﬁe t1ca] a11quots of
'wydroch:or1c ac1d w1th sod1um hydrox'de In.one gase ;hegt1tnat1on S

g oL



e s
was perforned in 50 m] of. water and in the other case it was performed
1n 50 m] of 0 5 M TBABr Ident]ca1 potent1ometr1c t1tratlon curves
were 0bta1ned | | |

[N

Tetraethy]ammon1um Brom1de (TEABr) and Tetramethy]ammonlun

Bromlde (TMABr) were obta}ned from Eastmﬁn KodaP Company They

were used w1thout further pur1f1cat1on

Other chemlcals, 1nc]ud1ng sod1um carbonate, sod1um ch]or\de
-'jhydroch]or1c ac1d, sod1um hydrox1de, sod1um brom1de, and s11ver
"'.'n1trate were a]] ana]yt1ca] reagent grade chemlcals Potassium acidv

v'phtha]ate was pr1mary standard grade



. | | 57
:3.3}Reagentsj: e i T . - SRR

Q. 5 Mo]ar Hydroch1or1c Ac1d was nrepared from the concentrated f

reagent by d11ut1ng w1th doub]e d1st11]ed water and standard1zed

. paga1nst sod1um carbonate

0.5 Mo]ar Sod1um Hydrox1de was preoared by d1]ut1ng 1 :'i‘

- ‘sod1um hydrox1de so]ut1on to the approprTate vo1ume w1th fresh]y
bo11ed and coo]ed doub]e d1stp11ed water The sod1um hydrox1de was
bfstored 1n a po]yethy]ene bottle ~and standard1zed Wlth pr1mary 7:4:.
rstandard potass1um hydrogen phtha]ate ‘ | » o

Doub]e d1st111ed water was prepared by d]st1]]1ng the

W\

.'.:;]aboratory d1st111ed water from a1ka11ne permanganate The flrst B

S in th1s w0rk ,‘VL .:.B ]

e 10 20% of the d1st111ate was d1scarded and the m1dd1e fract1on A

was used Th1s water was. used to prepare al] aqueous so]ut1onS

- -

0. 10 Mo]ar D1pheny]guan1d1ne Hydroch1or1de A s¢ock so]ut1on ]""

1 _was prepared by f1rst suspend1ng 2 1] grams of the pur1f1ed compound

‘;t1n water, then add1ng 0.5 M HCT to w1th1n 2 m1 of ‘the. equ1va1ent

’_amount The so]ut1on was f1na]1y tltrated to the potent1ometr1c v"‘i )
'1nf1ect1on w1th 0.5 M HC1 in a 2-m1 m1croburette, transferred

’ quant1tat1ve]y 1nto a 100- m] vo]umetr1c f]ask,_and d11uted to

volume w1th water A 5 00 m] a11quot of th1s so]ut1on conta1ned

+ 0.5 m11]1equ1va1ent of d1pheny1guan1d1n1um 1on and was used as the

’ ﬁsource of BH 1n t1trat1ons w1th sod1Um hydro§1de

A



O P3.4 Resins T T

"(w S. Tyler Company of Canada) The 200 to 325 mes

'l‘,experlments The 1ess than 325 mesh size w1th f1nes removed was _;--

;'1n 0 10 M sodTum ch1or1de Th1s t1tratlon curve ‘was compared w1th \

C58

A]] the resin. used 1n th1s study was or1g1na11y taken from

~ one- bott]e of Amber11te XAD 2 resin (Rohm & Haas Co Lot no. 2~ 0218
: 60 80 .mesh). A port]on of the res1n was ground 1n a mortar and

'd1fferent mesh sizes vere separated by us1ng sta1n1ess stee] s1eves =

cut and the

1ess than 325 mesh port1on were saved for the t1tr t1on and - 1sotherm

-

dry packed 1nto g]ass chromatograph1c co]umns ":*'ﬁ”} S o

Res1n was pur1f1ed as fo]]ows In theycase of the 200 325 o

mesh s1ze, 1t was suspended 1n a 1arge amount of methano] After

: about 30 m1nutes, the f1nes werekdecanted Th1s process was repeated -

71nto a. ]arge f]asf water was added and the f]ask sw1r1ed o) that

: the re51n was set Ied w1th water ThJS water res1n mlxture was

decanted through a 10- 20 }1 s1ntered g]ass f11ter to remove super-

natant 11qu1d Tne res1n was transferred 1nto a f]ask f111ed w1th

| A3 M HC] and the sw1r]1ng decantat1on procedure repeated to wash the
.L fres1n free of iron. After co]1ect1ng the res1n it was then added
'Vt'to 0 1 M sod1um hydrox1de,sw1r]ed and decanted Then f1na11y, i

'-a‘the res1n was washed w1th water and dr1ed It was: stored in a screw :

cap: bottle under ]aboratory cond1t1ons N

~

Acid content of XAD 2 res1n was determ1ned by ootent1ometr1cal]

.t1trat1ng a samp1e of this res1n (Sg) w1th O 10 M sod1um hydrox1de\

~

Vo

E 2

“two or three t1mes Th1s methano] res1n m1xture was then transferred f)»-



"i,the one- obta1ned in the absence of res1n The d1fference between -
these ‘two curves g1ves an est1mate of the ach content Base content

._cf the res1n was determ1ned in-a s1m11ar way by t1trat1ng a port1on

of the resin w1th 0. 10 M hydrochlor1c ac1d 1n 0 ]O M sod1um ch]or1de

and compar1ng w1th a b]ank t1trat1on



3.5 PdtentTometrjchTitrattons d )

Potent1ometr1c t1trat10ns were usuaTTy carried out 1n 50 O
_va of aqueous phase and 5. 9 of resin. The totaT amount of sampTe
f"ac1d added to the beaker was 0 5 meq, whether 1t was a mHnoprotlc '

acid, a d1prot1c ac1d or a mixture of monoprot1c ac1ds The

= tltdant concentrat1on was 0 5 M Thus the amount of added t1trant

i

_ .was generaTTy between 1. 0 and' 1. 5 ml. Under these cond1t1ons, no S

g:accounﬂ’was taken of voTume change dur1ng the t1trat1on, S1nce '?aﬁj?ﬂ13~<)~”' :

"the maximum: voTume change was never greater than three percent

Before a t1trat1on was begun a proper amount of 1nert saTt was ;g-:‘f

:,,added to 45 m] of doub]y d1st1TTed water Then 5 g of wetted
ires1n was added 1nto the above soTut1on. The system was |
T“fTushed w1th n1trogen for about ten m1nutes An aT1duot of an B
'_.aqueous soTutlon of the samp]e ac1d was then p1petted 1nto ther ’
o beaker and t1trat1on was begun If there was a need of caTcuTat1ng
T”the theoret1ca1 t1trat10n curve, the beaker with the doubTe‘
:d1st1TTed water was we1ghed before and after the wetted l
‘res1n was added when a t1trat1on was’ compTeted the resan was. jrﬁ
"coTTected 1n a. pre-we1ghed Buchner funnel and was washed wwth a

- few port1ons of methano] and dr1ed The exact voTume of the

607

TS

| aqueous phase coqu be determ1ned after Fhe exact we1ght of the f,;"

) XAD 2 resin was known

9

Dur1ng the t1trat1on,‘an 1ncrement of t1trant was added to the

: f‘ weTT st1rred res1n suspens1on and st1rr1ng cont1nued unt1T the pH

T 'meter re§d1ng had dr1fted to a steady vaTue Then the pH vaTue wés 1»-53

I



_ recorded T 1s va]ue was compared w1th the pH recorded when the stlrrEr '

'was shut: off 'No s1gn1f1cant change was noted The record1ng

"‘.process, wh1ch usualTy requ1red about f1ve'm1nutes per 1ncrement

was then repeated unt1] the tota1 number of equ1va]ents of added
”t1trant was in suff1c1ent excess of the number’of equ1va1ents

h ‘of ac1d in the system "h ‘iff SR f-_ o J;'”-.' ‘h'l_-'._.ﬁ;



- 3 & D1str1but1on Isotherms o

.']l."‘

D1str1but1on coeff1c1ents of H3O and OH on- YAD 2 were determ1ned

'-T[as follows a. TOO mlvstoppered f]as} was usuaTTy used The proper s

. ‘-quant1ty of sod1um chTor1de (wh1ch made O TO M 1n the f1na1 soTut1on) Lo

’,'_and a sna]] amount of. doub]y d1st1]1ed water vas added to the fTask

7:_'and the fTask was we]gned Then wetted res1n was added and the - “.ﬁy"

"rwaask was we1ghed aga1n From the d1fference of the two we1ghts,

| dthe amount of water requ1red to make the f1na1 voTume 50 mT woqu

V4'ﬁbe caTcuTated Then the known amount of HCT or NaOH soTutlon was

:_'_p1petted 1nto the res1n aqueous soTut1on m1xture The fTasks were7'

-bif(put }n a shaker wh1ch was kept at 25 + T C After equ111br1um hadivit

"been reached the res1n phase was coTTected 1n a Buchner fTasL

| ‘~.[fwashed w1th methano] and dr1ed Aqueous phase was t1trated with

S :"":'NaOH or: HCT The dvfference in the amount t1trated and added vas

‘Jhyfprocedu e was s1m11ar to the one used for H3O/OH determ1nat1ons

{the amount sorbed on the res1n phase D1str1but1on 1sotherms weref.f,f;f:

'”;obta1ned by repeat1ng the d1str1but10n coeff1c1ent measurements( f:: lfi :1?

'ﬁ,;at severaT d1fferent sampTe concentrat1ons T‘ \h
ATT the dlstr1but1on coeff1c1¢nts of d1pheny]g an1d1ne w1th

;the except1on:o~j_hat obta1ned 1n 0. TO M sod1um cthrlde at pH ]T

ﬂgzwere determ1ned b‘ us1ng the batch equ]T1brat1on nethod Th1s

f{}After th aqheous pnase was separated the sampTe coqcentrat1on

| W'was measured by e1ther UV spectrophotometry or T1qu1d cnromatography

;'1as foTToWs In 0 ]O H NaC] and at pH = 3 the sampTe concentrataon :nf}:;f"ir

‘1”‘7}'was measured by UV spectrophotometry us1ng a ca11brat1on curVe

e - e : .
» .



'f‘»solut1on

"jcoeff1c1ent of DPG 1n 0 10 M NaQ] at’ pH 1 VA known we1gnt of

'"‘;f" graph1ca11y whqn an. aqueous mob11e phase was used a ser1es of

Y

;_‘S1nce d1phenylguan1d1n1um ion has a ]aroe absorpt1v1ty, d1]Ut‘0” Of |

"the samp]e so1ut1on was necessary In 0 10 M TBABr and pH 3 or

11. (aC1d aLd base forms) concenttitlons were determ1ned chromato—v

':graph1ca11y dn a co]umn of XAD 2. Chromatograph1c peak areas

l

. were neasured by a 3}an1meter and\the concentrat1ons were found

[

"fbygcompar1ng w1th a ca11brat1on curve. For the base form (pH ]]),'h"
"twhlch had a; very 1ow concentrat1on, a preco]umn was emp]oyed
"1(see Section 3 - 1 Part I) in the f0110w1ng way samp]e so]ut1on '

]was 1nJected onto the 5—cm XAA 2 co1umn through an 1n3ect1on valve

. The mob11e phase was ZOA methano1 aqueous so]ut1on wh1ch eluted 7-sjr- h'

'1hhthe TBABr from the sample so]ut1on After ten m1nutes, the d1pheny]£

guan1d1ne base form was then eluted through the ana]yt1 a] “J\';'.’ h

!

t,co]umn by chang1ng the mob11e phase to a 90% methano] aqueous -

[

. :."

A chromatograpn1c method aslopposed to the batch equ111brat1on

b‘:<.itechn1que descr1bed above ‘was used to determ]ne the dlstr1but1oh

fXAD 2 was used as the stat1onary phase and the mob11e phase was
'='aqueous-methanol so]utlon conta1n1ng 0 10 H NaCl and adJusted to
1h(a pH read1ng of 1] by the add1t1on of NH40H S1nce the retent1on

f vo]ume of d1phenylguan1d1ne was too 1arge to be measured chromato--»‘lﬁ

. f aqueous methano] so]ut1ons wece used as the mob1]e phases and a

f]_ plot of log(net retent]on vo]ume) vs percent methano1 y1e1ded agd:ff'?_

“fft;ﬁi a stra;gnt 11ne over the measurab]e range 50% to 70% methano])

R T R

R Extrapo]atlon of th1s 11ne to 0% methano] ywelded the net retent1on

".‘ volume w1th aqueous moblle phase V‘T"fr 1,'1[%’ f ftghzfﬁf;ff”f{ﬂn o



3.7 Solubility -

. 0 K | M Na H was determ1ned by add1ng the so11d to 50 m] of aqueous

:phase shak1ng at 25+]° c for 5 hours and 10 hours, and spectro—-

_photometrlcally ana1y21ng the f11trate for dlphenylguan1d1ne

a Both equ111brat1on t1mes produced the same concentratlon The

r"solub111ty 1s 21 0 mg per 100 ml so]ut1on = if' S

64

The so]ub1]1ty of d1pheny]guan1d1ne in aqueous O 09 M NaC1 -:‘,
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4. RESULTS AND DISCUSSION -

"“j4;1‘§0rpt%on of;H:Cfand'OH" : L
S R e LN ;'Q'_f, | ;A[‘c':_ R 7}" Co

“In- splte of the fact that Amber]1te XAD 2 1s nom1na1]y a non1on1o
res1n an ear11er study (17) suggests that 1t does possess some 1on—.
exchange character In F1gure 10 are presented d]StPIbUt]Oﬂ 1sotherms :

"- for H3O and OH’, from which 1t can: be Seen tha& the re51n is capab]e h-llg‘_f
of sorbwng sma]] amoUnts of both strong ac1d and strong base Thls .
behav1or 15 tEHtat1ve]yf Jmferred to resu]t from the presence in the e
res1n of a re1at1ve]y sma]] number of ac1d base funct1ona1 groups =
From the 1sotherms, 1t 1s\ev1dent that the res1n w;]] sorb 1ess
than 2x 10 -4 tnn07 of OH per gram at an adueous phase pH of ]O

v‘f or ]ower, and that 1t w11] sorb 1ess than T x ]O 3 mmo] of H30 per

L gram at an aqueous phase of pH: 4 or h1jher S1nce the t1trat1ons of ‘.Q ”n

BH and HA ac1ds descr1bed 1ater are pi rformed w1th 0 5 mmo] of

\\“ R

:'m sample ac1d in the presence of 59 of XAD 2 res1n, and the t1trat1on '\*\_ji

ST L
.S end p01nts occur at pH vaﬂues between 8 and ]0 ‘an end po1nt error f,rbgt'w_
T : Co I'\'f. .
of not more than O 2m is: expected from th1s source

,,‘,(: .

..\



“ Figure 10.

e

5

D1str‘1but1on 1sotherms for H30 and OH between |

ch]orlde

e HydroéhTOfég, Acid | o Sodium Hydroxide

66,

' Amberhte XAD 2 resm and OAG M aqueous sodwm 3  o
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68.

S ﬁ452>DiphenyTguaanine'Hydrochlorfde'{'

: In order ‘to: test the vaT1d1ty of the propozéd/heterogeneous

2
d1pheny]guan1d1ne hydroch10r1d R wh1ch is a BH'

'!jtype ac1d was t1trated in- the presence and absence of XAD 2

f,res1n The resu]t1ng t1trat1on curves were compared to equatlon 11 |

: Curve A 1n F1gure 11 is the t1trat1on of d1phenyTguan1d1n1um 1on
?"-1n the absence of res1n It TS essentlaTTy 1dent1caT whether the
"swamp1ng e]ectro]yte is sod1um ch10r1de, sodlum brom1de or 5,_
f'ftetra~n buty]ammon1um brom1de (TBABr) Its shape 1s understood
”as fo]lows the soT1d Tlne for nOH va]ues beTow about 2 SX 10'4..‘:
fand the dashed T1ne extend1ng 1t are the/curves Dred]cted for an
\”:7acvd w1th pK' 'BH-TO 0 wh1ch does not prec1p1tate However dur1ng
t-«id ;the actuaT t1trat1on the soTut1on becomes supersaturated 1n.
_;»ﬁ'{d1phenylguan1d1ne base wh1ch suddenTy prec1p1tates at nOH about

'7;T2 5x 10° 4 The so]1d T1ne at nOH vaTues h1gher than th1s 1s ';

B ca]cuTated on, the assumpt1on that [B] is constant in the (saturated) ,

}usolut1on (16) The poorer agreement between exper1mental po1nts
‘\..gnd the ca]cuTated T1ne after prec1p1tat1on is T1ke1y due to :j
~'.f155 the s]owness of the system to achleve saturat1.n‘_qu111br1um _

g The d1str1but1on coeff1c1ent of d1phenylguanad1ne at pH 3

(BH -form) in. 0 TO M sod1um chlor1de has been determ1ned by batcﬁ

' "equ11 bratton The result is shown 1n TabTe 15 The d15tr1but1on

’asotherm (F1gure 12 Curve A) is: non11near, 1nd1cat1ng that KBH "
. ‘decreases marked]y w1th an Mease of BH 1n the system The

"juconsequence of th1s severe non11near1ty of the BH d1str1but10n '



- Concentration - Concentrat1on in o K(

Tab1e 15

Dlstr1but1on coeff1c1ent of d1phen/]guan1d1ne HC]

.. ,‘

(BH ) 1n O 10 M sod1um ch]or1de and aqueous phase s"

‘ PH =3 . “
" moles/kg

“on XAD-2 resin’ -  aQueous phase .- md]és/T
(mo]es/kg) . g‘»(mo]es/j)'v;'. L

‘“'1.87x'1071’j' ookttt
o 5.82x10720 g 97x 10'4f'_:-'“1 SRIENE
o Tesx10? . 60x 10'5.-_ ops6

@



-_,hypothet1ca] t1trat1on curves 1n F1gure 1, 1t 1s ev1dent that -

70
1sotherm on the resu]tant t1trat1on curve 1svseen in F1gure ]1
d Curve B As the t]trat10n proceeds,.the amount of the BH spec1es>
1n the system decreases and 1ts d1str1but1on coeff1c1ent KBH '¢T’
.ltherefore 1ncreases The effect of th1s 1arger KBH is. to sh1ft

3the t1trat1on curve to h1gher pH Compar1ng Curve B w1th the

-tv1t ‘shows cons1derab1y more upward curvature as the tltratlon
.proceeds than wOuﬂd be found 1f KBH were constant As a resu]t | )

“the pH "break" at the end po1nt 1s gradua] } f; 7}) »t;jpir :5i_dy! '.h h.~;

' "; In an attempt to reduce KBH and hopefu]]y, make 1t 1nde- |

w

"_pendent of samp]e concentrat1on the swamp1ng e]ectro]yte was

bh‘changed from sod1um ch10r1de to tetra -n- buty]ammon1um brom1de

(TBABr) Tetrabuty]ammon1um 1s_aslarge~organac eatton Wn]cu,'1tiit — _‘ -

"Vf was hoped mtght adsorb on the XAD s and block thé adsorpt1on of_f ;:“7fA
7]7d1phenylguan1d1n1um 1on.‘(The mechah1sm of 1ts act1on 1s dlscussed

"H;1n Part 11 of th1s thes1s) The 1sotherm obta1ned for BH 1n the

.‘*3 presence oﬁ 0 10 M TBABr 1s shown 1n F1gure 12 Curve B (tab]e 16)

.tlIhe value of KBH is much sma]]er 1n the presence of the quaternary

: _bammon1um sa]t and wh11e not. constant var1es much 1ess with the »7'”:”"

5]damount of" BH 1n the system than is the case. w1th sod1um ch1or1de pfibfy?" s

B sAswamp1ng e]ectro]yte The va]ue of KB on the other hand 1s not

o ;.p‘;SIgn1f1cant1y d1fferent 1n the presence of the two d1fferent

‘t']fln the preSence of TBABr s shown to be ]1near with K 2 9 xlO

'_.swamp1ng e]ectro]ytes The d1str1but1on 1sotherm for spec1es B v R

o :T(F1gure 13 Tab]e 17) The exper1menta1 error 1n these data is. about

2;210% because of the d1ff1cu1ty 1n measur1ng such 1ow aqueous

' L - e . ST . REETIEN % L . . o



_ .Figu;e-11.‘ T1tngt1on of d1pheny]guan1d1ne hydroch]or1de |
| . f:w1th sodlum hydrox1de Compar1sor of - exper1menta] . ,‘tl ,;:‘ !
°w1th theoret1ca1 t1trat1on behav1or (Po1nts
.v‘( F‘Y _ "are exper1menta1 So]1d ]1nes ca]cu]ated from :"

| Equat1on 115 see Append1x VII)..

K oy 0.050 15 ny = 4.87570°

~moles,
o ‘-Al.quueous phase 0. 10 M TBABr W= 0; ,

B. Aqueous phase 0. 105 1 NaCl, W = 0. ooso kg XAD- 2 - o
N 3 *wa%;-C;:Aqueous phase O 100 M TBABr KB =.2. 9 x ]04 C ':;» o

_ >‘:»' o KBH'- (var1es, see text) 1W = 0r0055‘39vXAD*2?
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D1str1but1on coeff1c1ents of dlphenylguan1d1ne HC1

' Table 16

*  in 0 ]0 M TBABr and aqerus phase pH

| o R v . .moles/kg
- Concentration . Concentration- in K
on XAD-2 resin . aqueous solution . moles/]

_(moles/kg) ..~ (moles/1) . . Lo

S409x1078 -6'1'ox1'o'3 B X
2.23x 1072 T2.55%007 8.7 N
I 06x1072 9. 90"10'3 e
5 38, 10‘3 | 4.92x107 TN [ &
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Figure 12.

D1stn%but1on 1sotherm for d1pheny]guan1d1ne HC]

between Amber11te XAD- 2 and aqueous e]ectro]ytes

G

A Aqueous phase 0 10 M Sod]um Ch]or1de pH = 3

g H

B Aqueous phase 0 70 M- TBABr pH

.
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'Fiédre T3E7 . D1str1but1on 1sotherm for d1pheny1guan1;:;:\gé§%een ‘~3.-'1 R
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Tab]e 7o

D1str1but1on coeff1c1ents of d1phenylguan1d1ne

base 1n 0 10 M TBABr and aqueous phase pH 11:fr[

SR SR

Concentrat1on - Concentrat1on 1nf_v
“on XAD-2 resin . aqueous so]ut1on v

e

' "- mo7éS/kg2.v 

41mo1es/kg) (mo]es/])

B

”'opmi‘7f;<“f th1f5
ooy 360 107

2k 10t

o2.82x 104

-~ Average

290 « 104 | = ‘




. e

| R and vo1d voTume VM by the express1on

phase concentrat1ons of drphenylguan1d1ne The va]ue of KB in the

sod1um ch]or]de swamp1ng eTectroTyte was obta1ned by the extra-T'h';Lgu,??

RS

'polated chromatograph1c procedure as follows: The distr1but1on

' coeff1c1ent KB 1s re]ated to the chromatograph1c retent1on voTume ;"

where W is the we1ght of re51n in the coTumn KB can- be found 1f :

“_U(V , iM) and W are known By th1s method KB vaTues were’ determ1ned
bzin 70%, 60%: and 50% methano] aqueous so]utwon (w1th O TO M NaCT)

" and extrapo]ated to 07 methano] aqueous soTut1ont TabTe 18 shows

the resuTts for (VR" v, ) and KB at d1fferent methano] concentratlons

lF1gure 14 s a- pJot of Tog KB vs % methanol, on extrapo]at1on to 0% B
'f,methano] a KB of 4 O X 104 1s obtalned This. va]ue must be |
o hassumed to have an uncerta1ntf of abhut one hundred percent as a
:'”'result of the Tong extrapoTatlon L1near1ty of plots of Tog K
-A:dvs 7 methanol has prev1ous]y been found for such compounds as the E

,alkyl esters of p- hydroxybenzo1c ac1d van1111n, and a number of

*.measured and the' solid’ 11ne is ca]culated from equat1on 11 Curve o
'-‘C 1s sh1fted to Tower- pH va]ues than Curve B and dOeS n°t t":

- 'exh1b1t undes1rab]e curvature in the proton b1nd1ng reg1on

& (“’

‘“The end po1nt pH break is now. sharp and occurs at the theoret1ca1

o end p01nt ~In the presence of XAD 2 res1n, the weak ac1d d1pheny]- o

R

N

- drugs (17 18) The heterogeneous t1trat10n curve obta1ned in 0 10 M‘TBABr _‘“

'; is presented in F1gure T] Curve C The po1nts are exper1menta]1y ,,f' AR



Tab]e 18 _
'Determ1nation of Kg of d1pheny]guan1d1ne
base \chromatograph1c method) us1ng d1fferent L

percentages of methano] 1n the moblle phase
i ( 11)
Ve ) . percent methanol = - .
ml. ’ - ’ B

g0

180 g0 et -
a8 60 51
Sl s qse
a VM’ the vo1d vo]ume is 0 34 ml.
b We1ght of the resin-in the cglumn 1s 0 09 gmfﬁ¢ '




.. guanidinium (pk' =10.0) titrates. as "though it had a;.p.K‘ .'of_:_'
VR - 19 S A At LA

-

L

~about 6.8. ‘The calculation of curve'C is shown in Appendis VIT.

R S
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~ Figure 14.°  Distribution coefficient of diphenylguanidine . -f

-3

. base form in 0.10 M'NaCl and 10

Soow

SMNaOH. ;TN
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',.>4 3 Dlpheny19uan1d1ne Hydroch]or1de Effectlof.Concentration\bf';"

TBABr on. the T1trat1on

The t1trat1on of d1pheny19dan1d1ne hydroch]or1de was performed o
?Mat~var1ous TBABr concentrations In a]] of the. tltratTohs’/the .
:'tota1 brom{de concentrat1on was kept constant by add1ng the proper‘
:amount of sod1um brom1de (except 1n the 0 50 M TBABr to whlch no

vfsod1um brom1de Was added) The effect of var1at1on 1n concentrat1on

t'of TBABr can be best 111ustrated by compar1ng the pH d1fference at’f; R

'lj"jthe ha]f neutra11zat1on!bo1nt In the abs@dce of the res1n,‘the :.;

t1tratlon curves were essen-1a11y the saﬂe at. a]] TBABr con- |

-.vcentrat1oms, but the t1trat1onf urves in the presence of res1n were' ;

’f;‘affected to. d1fferent degreezi(Tab'e ]9 Flgure 15) The 1nf1uence§

f_”of TBABr 15 marked at concentrations

wi F'O 05 M to 0 10 M the effec graduatéTy d1m1nlshes, and 1t shows a’

~

';reverse effect 1f the concentrat1on of TBABr was made as h1gh as’

"7-0 5 M Th1s may part]y be accounted for by the faJt that the 1on1c ‘f;f

R strength of the aqueous so]utlon has been 1ngreased f1ve fo]d

““”bfThe 1ncrease of the 1on1c strength wouid change the proport10na11ty;_l.

o between surface potent1a], concentrat1on of TBABr and concentratlonr

- .;'of d1pheny]guan1d1n1um 1on (see Part II)

_ l

f'tween 0.0 M and 0.05 M. From ;hf"' g




R R T

';;"F{ggré‘ls. S Dependence of ZSpH]/z for d1phenylguan1d1n1um
- I 1on on concentrat1on of tetra -n- buty]ammon1um

brom1de



| 005 . - ‘;5"_‘-"70_.'|* 05 |
Tetra n- butylommonlum bromlde]




| :*f brom1de |

g - .

Tab]e 19 ;-.[ =

' Dependence of A;ﬁi for d1pheny]guan1d1n1um
. 1/2

R jon- on concentrat1on of tetra <n- buty]ammon1um

N

TBABr - MBrTTapH P

o oo & &6 o

050 .._, - 0 " 3 e
a0 ffff0210~” ; 45'5113 3

'_O;]Q}h o2y
Bl

5 . .
o,,w"'
O

e 1‘ L

[ hydrox1de

T

Gt

Tota1 brom1de concentrat1on ma1nta1ned at 0 10 M for 3gff, i

’a11 but the 1ast entry, by add1t1on of sod1um bromlde

'_ApH]/2 pH]/z(NR) - pH]/Z(R), where pH]/2 1s the

half- neutra11zat1on po1nt pH va]ue 1n the tltratIon ,lr_y_

‘vaf°of d1phenylguan1d1ne hydroch]or1de w1th sod1um

SR A \



t1trat10n of diphenylguamdmwm ion (Table 20). For 0 oM

R 4 4 D1pheny]guan1d1ne HydrochTor1de EffEct of Var1ous Quaternary ;f.qif’:f

Ammon1um Ions | f‘,' - o S ~\k ‘
K vf;,v-,~;a TN

. ; Bes1de tetra -n- butyTammon1um brom1de (TBABr); tetramethy]-v
fammon1um brom1de (TMABr) and tetrfethylammon1um brom1de (TEABr)

‘were aTso used as the swamp1ng eTectroTyte in the heterogeneous f,fx_ty~1’ﬂpf‘§f,:

. TMABr, the effect on pH]/2 wast1m1Tar to that of sodlum

%‘f_fch10n1de The ame concentrat1on of. TEABr 1ncreases AF”H/Z by i ;;~;ﬂ‘,‘,

"**”'an add1t1ona] 0 70 un1ts, wh1Te TBABr has the greatest effegt

'-f'yThe differences in effect of'the three quaternary 1ons arlse ;f‘{ltfl'a~~-.

*fﬁfaszfoTTQws the Targer the quaternaryﬂlon the more strongTy
"‘if{~~surface concentrat1on of quaternary ion used 1ncreases 1n the '{jfffwf'n "'vfﬁ

'n_;fwou]d 1ncrease in the same order and, consequent]y, the repress1on

:7f‘1t 1s adsorbed Thus at 0. 10 M aqueous concentrat1on the 'h?:;'n_f't
.,I;ngorder TMA«<:TEA<::TBA The eTectr1caT potent1a1 of the surface J?t.7i:*5“f_'

L of adsotptIon of d1PhenY19uan1d1n1um 1on woqu 1ncrease 1n the fv;i”'ﬁ

.;same sequence (see Part II) f'~.'v.] _:fu;iﬁ;Tytf;-_ i

v b Ty,

L s . ‘- l. S
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3‘, Tab]e 20

Dependence of"ApH]/2 for d1phenylguan1d1n1um ion

on d1fferent quaternary ammonlum,brom1des (0. 10 M)

_:Sa]t u$ed : .g“ Concentrat1on of," _:
IR the sa]t used Mo

B :“,“. a
ApH]/z‘

WBr a0

Commer 0. 00

CoTemr a0
o TeABr . 00

2.8,

| 13.]5i‘}¥- e

o a APH]/?_ defl ned 1n Tab1e19 _



90 -

: ChToere:ﬂ

. 4.5vbengyTammoni

Benzy]ammon1um chTor1de 1s a BH type ac1d The t1trat1on of

lth1s compound was performed 1n O TO M sodiuni brom1de Both the -

° .

'200 - 325 mesh and < 325 mesh 51zes of XAD 2 res1n were used

‘There was no d1fference 1n the t1trat1on curves obta1ned, a]though

;.:‘eqn111brat1on was more rap1d w1th the sma]]er part1c1es BenzyTam1ne- o

.ﬁ; is not strongTy sorbed by the non1on1c res1n D1str1but1on

B -of KBH was smaTT enough in® th1s case that 1t was not necessary

'3;"'ffmore eas11y Tocated as 5 33% 10 -4 mo]es The amount actua]]y h”

?ffree base is a moderate]y poTar moTecuTe, so that th1s compound

.{_4coeff1c1ents KB and KBH were. determ1ned in 0 16 M sod1um brom1de _ﬂei}f?7i<'\_¥e§;.f7
(Table 21). E | L vd e
Exper1mentaT t1trat1on curves are shown in F1gure 6. Curve A o ‘;dd':f”ﬁf;
"was obta1ned in the absence of XAD 2 reswn and curve B. was obtalned | |
iw1th res1n present The va]ue of‘A;ﬁ{1n the proton b1nd1ng reg1on
-1s predicted from equat1on 13 to be 1. 59 The observed vaTue var1es

;between 1 66 at TO% t1trated and T 35 at 807 t1trated The vaTue ijﬁf“

°

ifhfo add TBABr 1n order to produce a d1st1nct end po1nt pH break
| Benzy]ammon1um chTor1de has a K of 3. T8><]0-]0 (19) ‘
: T1trated 1n aqu ous phase alone 1t w1TT not g1ve a d1st1nct end ” Tt;fl ;H:_vr}jf:‘
Ni:;po1nt break In the oresence of res1n, the end po1nv can be . o T

-4

“'_present was 5 290<TO moles The error 1n the t1trat1on 1s

';,,thus.about T%. = |



'v/ Table: 21 :
'igt{"?- : D1str1but1on coeff1c1ents of benzy1am1ne/
-j;%;»-. benzy]ammon1um 1on from batch equ1i1brat1on o
E 9\" Spec1es NaBr. Cdn-“ We1ght of Aqueous Distribution - -

centratlon -XAD-2 used ,volumes coeff1c1ent L
e (g (m)

V”ffBH - '"’O ioa.-»f- 508 sf; 56 ]6 o 3'0 "éj'i~'
'=‘J3¢m'. - 0. 10 r;“--";5-17 e ?o 00 550d

”_a.'benzylammonlum ion o

1b._After equ111br1um, aqueous}phase concentrat1on was 2 38x 10" w3 M,
resin: phase concentrat1on was’ 1 62x 10'2 M

ot benzy]am1ne | - »
*h.q.;After equ111br1um, aqueous phase concentrat1on was 5. 88# 10'5f1

L res1n phase concentrat1on was 3 82x ]0 2M



'.Figdke»lat‘vv EXperimenfa1 titratidn cnrves of:benZylamine

hydroch10r1de w1th sod1um hydrox1de in 50 m] of

? *’~J//E 10 H sod1um brom1de in the presence ( ) and L; ;» y:f
'\\_ o ;‘ absence (o of 5 0 g of Amber]]te XAD 2 res1n
S
AN A
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o po1nt was 5. 960x ]O mones and the observed value was. 5 960x 10 4

f o .

4 Molindone_HydroehTOrtde

Mo11ndone hydroch]orlde 15 another examp]e of a BH type

acﬁd It has a pK of 7 13 ( ) F1gure 17 shows the t1trat1on of .

this ac1d in the absence and" presence of XAD 2 res1n The swamp1ng

£

e]ectro1jte used in th1s t1trat1on was TBABr Durang the t1trat1on, ﬂ L

:free base j?s produced After about SX 10 4 mo1es of NaOH was added

Ju.the (super aturated) free base sudden]y prec1p1tated out In the f

e]about 2.5’ pH un1ts Th1s suggests a strong 1nteract1on ex1st1ng j{ S

.

‘_;¥'betWeen the base form and the non1on1c res1n The theoret1ca1 end

= e

d*mo]es

7.,_presence of the res1n, the proton b1nd1ng reg1on was sh1fted down _.f_
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“cn]orlde with, sod1um hydrox1de in oO ml of 0. 10
| \
‘W TBABr in tne presence (o) and absence ( ) of

5.0 g of Amber]1te XAD 2 res1n..
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;'cb4.7cDextrometh0rphan‘Hydrobhohide |

“The. t1trat1on curves. of dextromethorphan1um ion are shown in

'dF1gure 18 Wh11e the curve obta1ned in. the absence of resin shows

b'{'jonly a s11ght end po1nt break the curve obta1ned in the, presence' _

~

"of res1n exh1b1ts a d1st1nct end po1nt break Th1s t1trat1on was
,'performed 1n a 30% methano] - aqueous so]utlon because the product
of the t1trat10n 1n water was'an o11y prec1p1tate wh1ch serlous1y

"reduced the rate of equ111brat1on The add1t1on of. methano1 kept

97.

| ”ti-fthe free: base d1ssoTved Th1s compound Wh‘Ch has a pK °f 8 30 (21)"‘.

beﬁhved a5t1f 1t had a pK of 6,90 The theoredwca1 end po1nt was,f;

4

E-;’4 78 XlO mo]es wh1]e 4 75 x]O -4 was taken from the t1trat1on "'

,'1rcurye;_fv



~Figure 18.7

Exper1menta1 t1trat1on curves of dextromethorphan

'hydrobromlde w1th sod1um hydrox1de 1n 50 m1 of

.Hvitp): and absence (Q) of 2 5 g of Amber]]te XAD- 2

: _’Y‘F.’S].n .-

0. TO M TBABr - 30 percent methano] 1n ‘the presence_" 3
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100,

L

“fl.4;8 Q;Nitroghendk_.t

A]] the prev1ous tttrations 1nvo]ved a BH type'ac1d In these
t1trat1ons BH+.behaved_a$ thoth.it were»a;stronger acidﬁ;Since‘thev

"1'prbduct:BVWa$ sttbngfyfadéohbed‘on XAD—ZVresfn. mfNiterheno] whtch

L dsan HA type ac1d exh1b1ts the oppos1te effect m N1tropheno] has ”

a pK of 8 4 (22) Tltratwng 1t in the presence of XAD 2. 1s equ1va]ent_
ito t1trat1ng an ac1d w1th a pK of 9 70 (Frgure 19) Dlstr1but1on
o ,coeff1c1ents of KHA and at one concentrat%RP are ]1sted in; Tab]e :

22, 'Th'efé.ph_'i n the"p'r*o,to‘n binding region pred cted by ,equ'alti,on' ,T4_,_‘1' s

o ;;hquld;be ayoided whén“titrating'aeids of the HA charqe type 51nce
'1e}the 10n pa1r“ Q X B formed w1th the conaugate base A " 7s strong]y ”__;

- ‘sprbed by the res1n



:  Fi§Qké 19. -

o mo]e )

-

’V,Exper1menta1 t]trat1on curves of m ngtrophenol
”’_[w1th sod1um hydrox1de in 50 m] of- 0 10 e sod1um
4 brom1de 1n the: presence'(o) and absence (D) of

) 5 0g of Amberhte XAD-2 resin. (Lfsed 2. 26 x 10° 4

2
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“7;; a, m n1trophenol
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Tab]e 22 {
Lo

l

.Batch ana]ys1s data for obta1n1ng the. d1str1but

“coeff1c1ents of m- n1xropheno1 / m- n1trophenolate

‘NéBf"CQhé We1ght of. Aqueous Distribution -
ucentrqtiph ' XAD-2 used ' volumes coefficient
@ )7

oW o0 ;4;95- 53, 94 o g

-Species

a0 sz g1ﬁ56,55f_f 430,

b m- n1tropheno]ate '“ff411'541", l.uf:'_V_;AT]jtg;-“ o
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- j.much greater than KAH

.,"f}_v4.'9:N,a.1o;>‘<one :H,){d'r"o.‘c"hlovridel'-,. L : S

Na]oxone hydroch1or1de 1s an- AH2 type ac1d w1th Pk 7;9_;,

» ] o =
and pK 9;1 (20) If tltrated n aqueous so]ut1on w1th NaOH on]y S x\ -

_.the second end po1nt is observed (F1gure 20) If XAD 2 res1n 1s
zadded the f1rst end po1nt is enhanced but the second po1nt 1s
‘T'weakened s1nce the d1str1but1on coeff1c1ent KHA is expected to be
| ) and KA (see F1gu;e<3z,/The theoretma]4 FIA;;“"' L

‘f.lf1rst end po1nt for ‘the” t1trat1on in F1gure 20 1s¢4 538 x 10 \5}@ R
.d!dmo]es, the va]ue found was 4 50 x 10 4lmo]es,fo_r;the,;fn‘_s't end potnt’:;f‘”

in the presence.of resln!w

ha o o
- - < oea ’ o & -,
. ] ) e BEN
-
. : - B -
: . : 6 . s
.—_ “ ». - - & = L “ -l



BV

~ Figure 20;5

(‘; .

-

Exper1menta1 t1trat1on curves of na]oxone hydro-
‘W"'ch10r1de w1th sod1um hydrox1de 1n 50 m] of 0. 10
M sod1um brom1de in the presence (A) and absence e

VZili(‘) of 5 0 g of Amber11te XAD 2 resin.






L number of mo]es present in the so}ut1on In. the presence-of 1

- ac1d so0 that the f1rst end po1nt break is enhanced wh1]e the second

R .end po1nt break 1s weakened F1gure 21 g1ves the resu1t of th}s

.'Tl"Lnd second end p01nts are at 1. 96x 10

107

- 4.10 MixtureTof.Mo1idone5ﬁydroch[or1de'and‘m¥NitrophenoT'sr'fﬁ o

The t1trat1on of mo]1done hydroch]or1de and m- n1tropheno] as '

"_;1nd1v1dua1 acids Was shown 1n the preV1ous sect1ons ~In the absence:
:of XAD-2 res1n a m1xture of the .two exh1b1ts on]y the second end .
-po1nt (F1gure 21) Th1s second end po1nt correSponds to the total

ol

'XAD 2: res1n BH 1s t1trated as a stronger ac1d and HA as a weaker » f

'ﬁ't1trat1on The pK va]ues of mo]1done hydroch]or1de\and m- n1trophenol .

v‘are 7 3 (20) and 8 4 (22) respect1ve1y In the presence of the resun, o
| they appear to have pK va]ues of F .8 and 9, 9 Theoret1ca] f1rst Yo
{ and 4. 20x 10 -4, mo]es | 7

'hhg Exper1menta] f1nd1ngs from the two end po1nts y1e1d 1 94X ]0'4 _»f;d,,L

& (res1n present) and 4 ZOX 10'4 mo]es (res1n absent)




" Figure 21.

f(di:éhdfabséﬁdef( ) of 5 O g ofiAmberllte'XAD 2 res1n..

Exper1menta1 t1trat1on curves of a m1xture of mo11done _
N

’ii;i;hydroch]or1de and_m n1tropﬁenoﬂvw1_h deﬂum hydrnxrﬂe”‘“‘j -?“j”“'







~.-- o ‘
- 1100
- Heterogéneous*tftrat s, in the presence of Amber]1te XAD 2
5 'hﬂlj}eres1n permzt the accurate determ1nat1on of ac1ds of the BH charge 5fﬂhfaﬁ5"“ S

"f‘itype wh1ch are too weak to be t1irated 1n a homogeneous aqueous

«

p;;solut1on Such t1trat1ons show prom1se as -an; aTternat1ve to -

: ":!{gnonaqueous t1trat1ons The oppos1te s1gn of ‘the pH ShTft‘(fSﬁH)
of HA" and‘BH charge type ac1ds makes poss1bTe d1fferent1at1ng

_t1trat1ons of ac1ds w1th s1m11ar strength but d1fferent charge type

-i.th also aTTows the poss1b111ty of detect1ng the f1rst end po1nt in e:{_; R

‘the t1trat1on of an AH2 type of ac1d The pr1nc1pa1 T1m1tat1on to

_the method JS the re]atave]y 10ng equ111brat1on t1mes requ1r"“

‘_;z. ) 'the add1t10n of each 1ncrement of t1trant Th1s t1me can be _ JT”TT:;{4$5

'_reduced however by the use of smaTTer part1c1e s1ze and more _;* s

_'Teff1c1ent st1rr1ng . :
| Th1s work has revea]ed the sorpt1onAof 1ons on Amber11te
1{XAD 2 resin. The deta11ed mechan1sms of th1s sorpt10n and its f}’
i-s1gn1f1cance for 11qu1d chromatography are presented in the second

"‘=:i;part of. the thes1s. f{'

; o e o
v - o - oo .
N s
- - - - - P B
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6. FURTHER WORK . .- S

BRI Sa et e e e e ]
PR g T
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ST e ] ., . SR T --;_,.-‘,-A"v - .
. A LEaTe e

Theoret1ca1 t]trat}on curves of AH2 type ac1ds 1n the

presence of XAD 2 (or any other k1nd of non1onJc second phase) have

. K
T te e T

been der1ved Qua11tat1ve1y, the resu]ts agree w1th'the experimenta] R

was attempted More work can be done on the quant1tat1ve aspects
\

wh1ch need a know]edge of d1str1but1on coeff1c1ents determlned

by batch equ111brat1on methods | | . -

‘7!' 1'. b The t1trat1on work can. beextended to zw1tter1ons such

e

< 3 N

reported ;x'.ca~f~Vf'ﬂf r'f'”] l~h<f~-4-'”,$fJ;:“
-.y@u‘j;ffj _ The presence of a second phase 1n the t1trat1on 1s not

\

11m1ted to potent1ometr1c t1trat1ons It cou]d a1so be used in.
photometr1c and amperometr1c t1trat10ns,_to ment1on two R d. ‘
d Heterogeneous potent10metr1c t}trat1ons 1n the presence ofb :
XAD 2 res1ns can be performed rout1ne1y It 1s a usefu1 method
for the twtrat1on of a BH type weak ac1d and ac1d m1xtures 1n‘:'?j."
"7 water The deve]Opment of an autot1trator system can be an 1mmed1ate—

‘ "u:study It wou]d be des1rab1e, in- th1s connect10n, t0 1ncrease the

rate of atta1nment of equ111br1um

ey as amlnq ac1ds Na]oxone;hydrochlor1de is probably not a ."f:ffﬁ,jiﬁx' ‘**fi

fknftter1on Though the m1croscop1c constants have not been i?ififk*it,fsi" s



~PART I1. STUDIES OF ADSORPTION i‘qﬂ‘ECHAN‘ISM:E
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LI 1 INTRODUCTIONS - e

-~

Amber11te YAD 2 re51n 1s one . of a ser1es of synthot1c po]ymers‘fj'
t'developed by ?ohm and Haas Co s Pha]adeph1a Pa ~(Amber11te is'a

'<reg1stered trade name of the Rohm and Haas Co ) Methods of synthes1s; :

T

- 1nvo]ve the suspens1on po]ymer1zat1on of styrene d1V1ny1b@ﬂéene o

-dcopOTymers in the presence of a substance that 1s good so]vent
.j:ffor the moqomé: uut a poor 5we1]1ng agent for the poﬂymer (?3 ?4 SN

~;25 26 27) Un]1ke.convent1ona1 homogcneous oe1s; th1s k1nd

'-iof res1n has a r101d macroporous structure, w1th large surface f; ;ﬂ*;.
}}farea and ]arge pore s1ze Amber]1 e kAu 2 1s & hydroohnbtc ’;drg;':,.:; «:?:';5"
":ﬁfadsorbent Its use #Zr organ1c compounds haS been stud1ed by R
”mg;severa] workers (28 29) Bas1ca11y, adsorpt1on of a samp1e

:?molecu1e or 1on 1ncreases as the 1ength of hydrocarbon res1due
n'_1ncreases, as the number of hydrocarbon Subst1tuents Increa\es or
’ ;ias the number of aromat1c rlngs 1ncreases » :
| XAD 2 res1n has been used w1de]y 1n b1o]og1ca1 stud1es
”‘fMost workers use th1s k1nd of res1n to remove and/or concentrate _
-u:a compound from an aqueous samp]e The sorbed compound 1s 1ater
'washed off C0hpounds that have been stud1ed 1n th1s way 1nc1ude
istero1d conJugates (30 31 34 33 38), corr1no1ds (’2 33),_stero1ds S
‘1(36 37 39 40) and benzoy] ecogn1ne (41) from ur1ne The Use: of XAD 20

teres1n from the extractTOn of pharmaceut1ca1 compounds 1nc1ude

t_ebarb1turates in. ur1ne (42 43), morph1nc in aqueo.s aolut1on (44)

RIEN



o | -’1'1'4
'or3trom urine’(45'46 47) and narcottc ana]ges1cs (48 49, 50 51 52 53) -
The poss1b]e c11n1ca1 use of XAD 2 in detox1f1cat10n was a]so v
1nvest1gated .an XAD 2 packed co1umn was used 1n hemoperfus1on

to .remove- phenobarb1ta1 from b]ood (54 55) A d1sp0sab1e resin

co]umn of XAD 2 was reported for use 1n ur1ne screen1ng for abused

. drugs and excreted stero1ds (56) Rev1ews on the use of XAD 2 1n

b1o]og1ca1 stud1es have been g1ven by d1fferent groups ,Brusse et a]
(57) gave a ratherAdeta11ed rev1ew w1th 9] references Fu31moto et a]vh
(58) descr1bed the pharmaco1og1ca1 procedures wi h 31 references
Sto]man and Pran1t1s (59) had a reV1ew of XAD 2 in pharmaceut1ca1
X:f_analys1s and forens1c chem1stry w1th ]4 references

: In the 1ast decade XAD 2 has be1ng 1ncrea51ng 1ts role 1n 1;f3W

. env1ronmenta] ana]ys1s Its usage 1s a]so based on 1ts strong

D adsorpt1ve ab1]1ty towards the many organ1c compounds wh1ch are-

"’:: regarded as po]]utants It has been used in §%e fo]]ow1ng water»

f treatment (60), reduc1ng the concentrat1on of n1trobod1es 1n

}f aqueous eff]uent (61), remov1ng ch1or1nated hydrocarbons and
= pheno}s from waste waters (62), adsorb1ng ch]or1nated pest1c1des
from river water (63), remOV1ng a]ka11 ]1gn1n from kraft waste .‘
, water at 1ow pH (64), concentrat1ng DDT and 1ts metab011tes |
d1e1dr1n and po]ych]orob1pheny1s 1n water (65 66 67 68), removal of
pheno11c waste from water (69), recovery of vo]at11e organ1c
compounds from mun1c1pa1 sewage (70) remov1ng 011 from wateg (71),
trapp1ng 2 4- -D. and 1ts der1vat1ves from a1r (72 73), recover1ng '
fen1troth1on from env1ronmenta1 waste water (74), and remov1ng co]ored

\
agents from waste kraft water (75 76 77) In a recent work Junk et a]



- .

fH (78) d1scussed the use of & minis co]umn packed w1th XAD- 2 or-

‘ 1,acy1ated res1ns to adsorb the organ1c compounds frOm water samp]es

A Befwd's use 1n env1ronmenta1 stud1es, XAD 2.1s used An the sugar

‘ :_Jndustry to remove co1ored 1mpur1t1es (79 80 81) A few compounds

,'havea]so been au11f1ed e1ther by reta1n1ng the des1red compound

'“F[: (5 ch]oro 2 p1per1d1ny1) 2 5-p1per'

C(83) ahd H

’”¥§OC0, “Fes eq,

1.

on the res1n or by remov1ng the 1mpur1t1es Examp]es are 3 6-bis- ftv¢='*

‘1ned1one (82) pentaerythr1to1

2 (84) Nhen 1

.ydroxyqu1no11ne (ox1ne) so]ut1ons of '”‘QI[f
59, 144 9 S

Zr and ]O ku are. passed through the res1n the

'.,.

' meta1 ox1ne neutra] compounds are adsorbed (85) Iron(III)

'h-adsorbed onto the res1n by form1ng a comp]ex w1th 1 10- phenanthro]1ne

h ch]oromethy]atlon and quatern1zat1on of the XAD 2 res1n It has 1;//?'-."7"f
'gva]so been used as a che1at1ng ]1qu1d 1on exchanger 1n extract1on

7chromatography (87) as a th]n 1ayer chromatogrpph1c support (88)

‘*'}4<85> o '-43_,a-a‘ BRI

Jyo et 1 n(86) constructed)an an1on se]ect1ve e]ectrode by

-;1mpregnated w1th @ d1pheny]g]yox1mo as adsorpt1ve reagent for Pt

. dem1nera11zed tap and sea water (90) ,vﬁ'": :f,» ;7, l

Pd and N1 (89), n1trath reduced andthen d1azot1zed and coup1ed f

w1th Na AsO3 to g1ve pheny1arson1c ac1d res1ns whtch were: used '

to concentrate and separate trace meta]s in the ppb range from

In retent y(ors XAD 2 due to 1ts phys1ca1 durab111ty,

‘xvlow cost and usefu] pH range (78), has been used as a pack1

'Idescr1bed the use of a gas pressure pump to force ‘the . 11qu1d

mater1a1 for ]1qu1d chromatography (LC)-*Fr1Iz and W1111s (91)

e

:}"so]vent thr0ugh an XAD 2 co]umn The1r worl dealt w1th the separat1on



of pheno]s Cantwe]] (17) used 1t to ana]yze p hydroxybenzoates in-

comp]ex pharmaceut1cais Cantwe]1 and cpworkers a]se used the XAD 2

R column to ana]yze var1ous pharmaceutlca1 compounds (18 92) Use

. of XAD 2 in LC has been 1nvesttgated by P1etrzyk and Chu (93 94 95)
_who have used- 1t to separate varlous organ1c bases (93), an111nes,i>;;'“
qubst1tuted Lenzenes, pheno]s, benzo1c ac1ds, su]fon1c acids and
phenoxyacet1c ac1ds (94 95) More recent1y, Cantwe11 d1scussed 1ts“
future ro]e 1n reversed phase hp]c (96) Recent work of P1etrzyk et
ha] 1nvo]ved stud1es on the effect of so]ute 1on1zat10n on |
 ' chromatograph1c retent1on on XAD 2 HPLC (97), and exteded the ,-
‘itheory to the separation ahd retent1on of amlno ac1ds, pept1des ”
: and der?vat1ves (98) o : X -'._. ‘. o ,:d yr ;‘.;v‘ t:“bf f:f =

A1though the use of XAD 2 res1n s w1de spread, stud1es

'"7;3d1rected towards an- understand1ng of the méchan1sm of adsorptlon

- are rather ]1m1ted Se1d1 and Krska (99) stud1ed the sorpt1on of
’ ;'phenol and p n1trophenol on XAD 2 They found that the adsorpt1on

“115 revers1b1e and may be f1tted to Freund11ch 1sotherms They also

ff::”suggested that the phen01 mo]ecu]e 1s adsorbed in a hor1zonta] o

",or1éntat1on to the surface Fr1tz LJOO) suggested that the nonpo]ar '

"'XAD 2 wou]d reta1n nonpo]ar compounds best and that the sorpt1on

"-:fab1]1ty wou]d 1ncrease w1th 1arger surface area of the samp]e d

mo1ecuTe Mantourl and Rﬂey jTOl ast’ydwdu*e !'sorptwn of hum1c »;; . '

Sy
: :ac1d and fu1v1c ac1d on XAD 2 and found that the adsorpt1on of ~”;jf
'i.hum1c ac1d f1tteq to the Langmumr 1setherm%f§hey a]so found that : H'.tt"" ij
7:the adsorptfon 1ncreased w1th 1ncreased/1on1c strength 0 Connez | , .i
tﬁﬂit"(]OZ) d1scussed the adsorptlon of organlc ac1ds at 1ow pH mhefg‘ vfht: 1"5
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"7_'the1r 10n)zat1on was supressed In a rev1ew paper Gustafson and
) Pa]eos 103) descr]bed the roﬁ of var1ab1es such as the chem1ca1
ustructure, surface area of the adsorbent the concentrat1on of the

‘:'adsorbate, 1on1c strength and temperature Genera]]y speak1ng, the

.

'~radsorptlon 1ncrea°es as the 1ength of a> hydrocarbon 1ncreases or as

.,the number of the aromatlc r1ng 1ncrease

XAU 2 res1n not on1, ad orhs nnn1on c pec1es, 1t a]so adsorbs;;

>-1on1c spec1es 611eser s wor >(104)1 shoued the effect of .

3 e]ectro]yte concentrat1on on the sorpt1on of severa1 compounds by

~7jan1on is sorbed to a smat] extent Gustafson et al. 28) reported

. tha+ the d1str1but1on coeff1c1ents of a11phat1c and aromat1c

‘ su]fonates 1ncrease w1th e reas1ng concentrat1on of sod1umay.' )Q'

B ,chlor1de and sugoested that this. effect m1ght a11se 1f the B

fons frow the added sa]t d1str1bute themse]ve° 1n such a way as ‘7'

_’“f to m1n1m1ze the e1ectrostat1c repu]slons of ne1ghbor1ng adsorbed

.d sulfonate an1ons 8u1fonate ben oate and phtha]ate were .f

tfchromatograph1ca1]y separated

3Conf1rmed thts e]ectro]yte effect and havc 1ed to the suggestlon

;\nd retent1on vo]umes were a1so o

’ pvfound to 1ncrease w1th 1ncreas ng concentrat1on of sod1um ch]or1de '

'Q1n the mob11e phase (105 106) Hore recent stud1es (94 95) have

. VXAD 2. The neutra] form of the wear ac1ds s h1gh1y sorbed and the-;

Lo

o -

ﬁthat 1on pa1r1ng m1ght account for the 7ncreased retent1on But

-fas w1]1 be seen be]ow, the present 1nvest1gat1on strong1y suppdrtsf

ac1ds of . pharmaccut1ca1 am1ncs have been shown to vary not on]y ﬁy

w1th the concentrat1on of 1nert c]ectro]yte but also w1th the

~an a]ternat1ve mechan1sm Retent1on vo]um( of cat1on1c conjugate -

Na
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v“nature bf the’ e]ectro]yte (]8) For examp]e the cat1on1c

conJugate ac1d of pheny]ephr1ne is more. strong1y reta1ned on XAD 2

3

iR 0U1M sodlum perch]orate than O 1 M- sod1um ch]or]de Lundgren

. ;and Sch1]t (107) have reported the same phenomenon 1n the1r study

Aj:of the retentlon of the d1va1ent cat1on1c comp1ex tr1s 3- (2—' vi l#f/f\g\\\;;__//

7f’pyr1dy1) 5,6- d]phenyl 1 2 4 trlaZIHE jron(II)v on XAD 2. They

fsuggest that th1s e]ectro1yte effect may ar1se from part1a1
v»icharge neutra11zat1on of. the adsorbed comp]ex meta1 cat1ons by

~ the an1ons of the 1nert sa]t promot1ng stronger retent]on by \
ﬁ:decreas1ng mutua] e]ectrostat1c repu1s1on between adsorbed catlons.
“ h Up to now no mechan1st1c mode] has ‘been- proposed to account
:e.for the adsorpt]on of 1ons on Ambeq]1te XAD 2 and no exper]mental

‘ stud1es d1rected to th1s end have been reported Us1ng a nonpo1ar ';
o stat1onary phase 1n LC to separate 1on1c compounds 1s not new \ |

'For examp]e, "1on pa1r" chromatography s a- 11qu1d 11qu1d

U /
»1"part1t1on techn1que 1n whlch the stat1onary phase is usua]1y an .~

| *ifmof wh1ch forms extractab]e ion. pa1rs with 0pp°51te]y charged fons

| aqueous so]ut}on conta1n1ng a dwsso1Ved sa]t one of the jons |

”1n the samp]e' the mob11e phase 1s a water 1mm1sc1b1e Organ1c
. so]vent Sam_qevsolute is 1nJected as -an: ion pa1r d1ssolved 1n .
5the mob11e phase Eksborg and. Sch1]1 (108) used an aqueous so]utﬂon

of a quaternary ammon1um sa]t on. an ethano]1zed ce]lu]ose as a

».

‘l'.i stat1ohary phase to separate carboxy11c ac1ds The an1ons of the

}ac1ds form ion pa1rs WIth the quaternary ammon1um and m1grate 1n‘;
'jthat form w1th the mob11e phase Persson and Karger (109) used the

- same techanue to separate am1no compounds and am1no ac1ds as

. -
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perchTorate ion pa1rs and carboxyT1c ac1ds as jon pa1rs w1th
tetrabuty]ammon1um ions. They found that th1s L- L part1t10n

chromatography has a Tower eff1c1ency than LSC-(T1qu1d¢so]1d”§‘.-

.chromatography), S1m1Tarlwork_wasfdone-by Sant1 et. al. (110) who o

,separated hyoscyamine,.SCOpoTamine_and ergotamine as picrate‘fon:
palrs _ . '”_ .
A d1fferent techn1que termed “Reversed phase 1on palr
; chromatography" has become popuTar an recent years The'cOTumn

{
pacang 1n th1s technlque may be a reversed phase bonded pack1ng

wh1]e the mob1]e phase conta1ns 2 smaTT amount of a sa]t thCh has-;

K the ablllty of form1ng ion- pa1rs with the sampTe spec1es (ThTS

compTex1ng agent is caTTed "hetaeron".or ”detergent" by d1fferent .

o peop]e ) Th1s detergent may form 1on pa1rs wh1ch are sorbed on the

bonded phase w1ttmer et aT (T]T) used th1s techn1qye ‘to ana]yze

the an1on1c dye tartraz1ne and 1Fs 1ntermed1ates, w1th quaternaryvxv'

'»’ or tert1ary ammonlum saTt 1n the mob11e phase for ion pa1r1ng

Knox and La1rd (TTZ) used thTS method to separate a w1de range ; o

’Ef of squhon1c ac1ds and derived. dye stuffs The detergent used 1s

cetyTtr1methyT ammon1um brom1de They caTT thTS techn1que "soap

o and their metaboT1tes by LSC, ion- pa1r chromatography and soap

chromatography They found that soap chromatography has the best

' -Z"i ch omatography Knox and Jurand (113) d1d separatlons of catecho]amlnes_. o

:_”k co]umn eff1c1ency In th1s study, they suggested that the behavxor :;;,.-a

- of 1ons 1n soap chromatography is s1m11ar to 1on exchange In,ag o

":7.;commun1cat1on from:Kwss1nger (114) he aTso suggested that the 1on:3
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“pair is formed on the sur.ace rather than in the mob11e phase and then
<1s extracted He - suggests that the organ1c salt added to the mob11e i'f
phase is mod1fy1ng the stat1onaty phase and the process of ? 1 ion th
pa1r [art1t1on is 1n 1gn1f1cant Later worP by Horvath et al. (117‘

suggests that ion. pa1r format1on does occur in the mob11e phase o

' ‘and is fo]]ovcd by sorpt1on of th1s neutra] 1on pa1r to the stat1onary;

"erhase

e HOrvath‘aE have pnoposed that the sorpt1on of 1ons

" on reversed phase bonded pack]ngs can be accounted for by solvo—s:\
'phob1c (Hydrophob1c, if ﬁhe mob11e phase s water) 1nteract10ns

'v(IIS,.A6 117, ]]C) Betueen the hydrOCarbonaceous stat1onary phasewand

'hthe hydrophob1c mo1ety of the so]ute mo]ecu]e The hydrophobwc

7;.effect has been der1ved by cons1der1ng d1fferent free energ1es

‘assoc1ated w1th the so]ute stat1onary phase, e]uent so]ute and

iseluent stat1onary phase 1nteract1ons After each of the free energy
terms has been eva1uated the retent1on, or the- capac1ty factor of

.an 1on1zed so]ute «can be represented as a funct1on of 1on1c strength
-~Qua11tat1ve1y, the 1ncrease ot the. sa]t concentra 1on wou]d have j'

'G‘Q&WO»effects F1rst, it decreases 1on1c act1v1ty coeff1c1ents in the

- mob]le phase wh1ch tends to decrease the retent1on t]me of the d

samp]e 1on, second, and ncre 1mportant the 1ncreas1ng 1on1c strengthv‘-*

»

1ncreases the surface tens1on of - the mob11e phase wh1ch 1eads to_an;

1ncreasc 1n retert1on t1me because of stronger hyd | oblc interaction.
’Ovcrwa w1der ‘range of. 1on1c trength the capac1t ",tor will show a -

soaaa * ot



’ m1n1mum near 0.3 ~This modo] anrirtent]y does not app]y to Ambcr11te

e XAD 2 res1n, s1nco p1ots of adJusted 1etent1on vo]ume on XAD 2 ver(us\.

‘1on1c stnength do not shou th1s minimum. (Compare F1gure 4 1n refercwce-?,

18 n1th Figure. 1 1n A 1(1 v'jtff‘;hctﬂ ;,, pexhaps ; no strong Vi s

';hto expect that the sorptlpn nfchan1sms on Octadecy]s111ca (ODS) bonded

*phases and YAD 2 wou]d e the same The former m1ght be‘con51dered tor v

’possess a’ surface uhos( propert1ea are betteen those of a }1qu1d and

,,“»

:r;.so11d wh11e XAD 2, at 1east 1n uater, possessess a true adsorbent
.‘:surface so that sorpt1on from water onto XAD 2 1s correct1y o
‘j:‘v1ewed as so]1d 11qu1d adsorpt1on S
'_ In the present study two d1fferent exper1menta1 techn1ques
‘vhave been uscd to e]uc1date the adsorpt1on mechan1sm -( Ol Adsorpt1on
>37t1sotherms for two organ1c cat1ons were measured in“the presence
"’of d1fferent concentratlons}of 1nert e]ectro]yte elther by batch
libequ111Lr1um or by a 11qu1d‘chromatograph1c method Va]ues

obta1ned from the 1sotherms were then compared w1th those pre—.ékdf‘dxh
};ﬂd1cted by the Stern Gouy Chapman~(SGC) mode1 of the e]ectr1ca]

o /

”fdoub1e 1ayer ( ) M1croe1ectrophores1s measuremepts were made

~on 1nd1v1dua1 res1n part1c1es suspended 1n/solut1ons of an

e

: adsorbab]e cat1on and the observed zeta potent1als were compared

f;to those pred1cted by the SGC mode] The resu]ts from both types -“i_”d'“f"“

"iof eyper1n nts squf t thut adsoxptwon of 1ons onto Amberl]te f"

_XAD -2 can be eyplawned in terms of the'Stcrn Gouy Chapman mode]



2.9 Stern-GoquChapman'Model i"qf
i,'/‘ E

57 : A R o
- The theory of the e]ectr1c doub]e 1ayer deals w1th the

“U‘dpstr1but1on of counter1ons and co1ons in the 1oca11ty of a charged ;-7

S

z"‘surface and w1th the magn1tude of the e]ectr1c potent1a1s wh1ch

‘\\

: occur an th1s reg1on Nhen a surface 1s charged, counter1ons are

7e1ectrostat1ca11y attracted by the oppos1te1y charged surface

~ W_At the same t1me, however these jons “have a- tendency to d1ffuse

faway from the surface toward the bu]k of the solut1on where the1r

i

' concentrat1on 15 1ow The s1mp1est quant1tat1ve approach to th1s

. —\ o

_d1ffuse part of the doub1e 1ayer was proposed by Gouy (1]9) and

"'“Chapman (120) The1r treatment 1s based on a f]at surface w1th

N

j‘un1form d1str1buted (smeared out) charge Ions in the. d1ffuse "r;xj

, ‘rpart of the doub]e ]ayer are assumed to be po1nts d1str1buted

\\ -

'4;accord1ng to Bo]tzmann d1str1but10n A s1ng1e symmetr1ca1 e]ectro)yte S

h; of va]ence z is assumed tater Stern (121) mod1f1ed the Gouy— o

E ‘~Ghapman theory by propos1ng a mode] 1n wh1ch thé!poub1e 1ayer 1s

a d1v1ded into two parts separated by a p]ane (the Stern plane)

.~1ocated at about a hydrated 1on rad1us fr0m the surface Stern a]so

L cqns1dered the possub111ty of spec1f1c 1on adsorptlon The Stern =

”hmod1f1ed Gouy Chapman/mode] s, ca]]ed the Stern Gouy Chapman (SPC)

"Amodel A more soph1st1cated mode] than that of Stern was pnoposed 37‘ e

by Grahame (122) who made a d1st1nct1on between the p]ane through fiiil

1~:the centers of. unhydrated counter 1ons at closest approach to the

T T LR PROPOSEDMODEE - L



~tsurfacé (Inner HeTmhoth PTane IHP) and the Ttm1t of the dtffuse B
LS
'“‘ﬂager or- the p031t1on of cToso t approach of hydrated counter1ons .

. P 1

' and Goions (Outer HeTmholtz PTane, OHP) 'fbfjfﬂxﬂf'{fﬂ*l;. ], oy

The SGC mode] of. the eTectrtcaT double- layer at a charged

i

'11nterface has been rev1ewed in many pTaces (122 123 124 125 126)

;1and a conc1se summary may be found 1n Shaw S book (127) The -f~.

N

vbig‘_ﬁmod1f1cat1on of the SGC theory proposed by Grahame 1s used 1n the -f’“

‘present d1scuss1on except that the adsorbed "potent1a1 determtnwng ,;, o

“"3'1ons are cons1dered to be part of the surface rather than part

:of the compact doub]e Tayer ThTS formaT1sm 1s more cons1stont ‘
"pf'w1th the usage of 001101d chem1stry (125 128) tth of eTectrochem1stry E
m‘(122), a]though for the system under 1nvcst|oat1on both forma11sms -
pshoqu Tead to the same quant1tat1ve concTus1ons | | |

S1nce AmberTlte XAD 2 has a non- 1onogen1c and eTectr]caTTy

\ .

_;,non poTar1zabTe surface Tt acou1res a surface charae by the. adsorptwon_"‘

“';”of 1ons from soTut1on These 1ons are attached to the XAD 2 part1c1es:

' by Van der Naa] 5 forces (see sect1on T be]ow) The adsorbed
T,1ong are shown in F1qure 22 as d1phenquuan1d1n1um cat1ons (DPGH )
-'th1ch will- be used as an exampTe throughout the present d1scuss1on

K dl'The adsolbed 1ons are referred to as "potentTaT determ1n1ng 1ons"~ L
‘enand are respons1b1e for the eTectr1caT potent1a1 d1fference,‘P 6;;""
' bitween the surface and the buTk soTutton (the potent1a1 of the :A
O buTk.soTut1on is def1ncd as zero) The buTk soTut1on ds.a reg1oanT
: f1n the soTut1or suff1c1ent1y far away from the charged su>face that

‘eTectroneutraltty preva1Ts throughout 1t even on a m1croscop1c "T‘

y-scaTe The reTattonsh1p between act1v1ty of potent1a1 determ1n1ng




lwg‘g1ons 1n the bu]k so]ut1on, aDPGH’ and. the surface potent1a]

Evo]ts 1s often descr1bed by a Nernst equat1on (123‘124 125)

=k + 'lna . o (38)
0 "ZF A\ DPGH B TR E

.

where R- 1s the 1dea1 gas constant (8 314 cou]omb vo]t/mo]e K)

. F 1s the Faraday constant (96 487 couTomb/equ1va}ent) T is the

'fh'abso1ute temperature, I s, the va1ence of - the potent1a1 determ1n1ng

;

v;1on'(equ1va]ent/mo1e) w1th appropr1ate s1gn and k 1s a constant
htEquat1on 35 is often found to app]y when the: surface coverage is |
".well be1ow a monoTayer and 1t def1nes the comp]ete1y revers1b1e j=h
‘i’electrode"' In\the present treatment 1t 1s not necessary that ‘ h‘;*
'fequat1on 35 be va]1d but only that, regard]ess of the1r funct1ona1
re]at1onsh1p,A§P6 1s a constant at constant aDPGH A’
.The reg1on between the XAD 2 surface and the bu]k so1ut10n
;.?15 descr1bed by the SGC theory as fo]]ows As a f1rst approx1mat1on, i
_the charges of the adsorbed potent1a1 determ1n1ng ions are v1eweo -
"_las smeared out on the res1n surface w1th the p]ane pa551ng through
:fthem 1dent1f1ed as. the ”charge surface"'(F1gure 22) The surface |

'_yfcharge dens1ty, -o’ is. g1ven in un1ts of cou]ombs per cm2 In the

"°-absence of any other charged spec1es the potent1a] wou]d decay

o 11near1y w1th d1stance from a va]ue of \P at the charge surface to

"_zero 1n the bu]k so]ut1on However there are necessar1]y other

1ons present in so]ut1on, and counterions, such as’ ch]or]de 1ons R CT

" in the present examp]e wh1ch are of oppos1te s1gn to the potent1a1~ g »

’determ1n1ng 1ons, are e]ectrostat1ca11y attracted toward the charge

o



Figure22.

: '.;,:'

Q

‘Schemat1c v1ew of the 1nterfac1a] reg]on between.'v

: 'Amber]1te XAD 2 res1n and aqueous e]ectro]yte dfr:"

1J_so]ut1on conta1n1ng sod1um ch]or1de and d1phenyl .

:ﬁnguan1d1n1um cn]orvde S1x DPGH; cat1ons are v:

o

“;fiadsorbed on the res1n Cat1ons shown in dashed1
'j'out11ne represent Na and DPGH that have been

. expe]]ed from the doub]e 1ayer reg1on






‘ .surface SO, th t the]r concentrat1on near the surface is. greater than~

| 1n the buTk s' . At the same t1me, co1ons, such as. sod1um and

ﬂVT;DPGH , wh1ch are of 11ke s1gn, are repe]]ed from the surface and-

uthe1r concentratlon near the surface 15 Tower than Tn the bu]k
tso]ut1on (dashed c1rc1es in F1gure 22) The “surface excess "F},f}g]
of any 1on J+ 1s ‘the number of. moTes of ‘the spec1es j+ contalned

om\one, cm2 of surface and in 1ts ad301n1ng doub]e Tayer in the ‘

'-,=so]ut1'n, wh1ch are in excess of the mo]es of the same: spec1es .

v conta1ned in an equ1va1ent voTume of buTk soTut1on conta1n1ng the

; - same totaT mo es of charge of a]T spec1es as there are’ 1n the one ‘

'cmz of 1nterface"nder cons1derat10n (128? The un1ts of ri

.are/moTes per cm2 ‘A: important dJst1nct1on is that d the surface

‘,icharge'den51ty Of'DﬁGH'H neTudes only the: moTes of adsorbed
'Tpotent1aT determ1n1ng 1on, h11e rBPGH 1ncTudes aTso the mo]es f'
of-DPGH expe]]ed from the f o1n1ng double Tayer reg10n (The
texpeTTed co1on, by the1r-absence rom the doubTe Tayer are equ1va1ent
to. an excess of oppos1te1y charged c unter1on present in the C |
doub]e Tayer) | | |

Because the hydrated counter1ons and co1ons have a f1n1te s1ze

‘ _'they cannot approach the charge surface any cToser than abgut a :

A'hydrated rad1us Th1s pTane of cTosest approach of counter1ons fﬂi*

:_‘1n the doubTe layer 1s the Outer HeTmhoth PTane (OHP) (122)

3 The water moTecuTes shown in F1gure 22 between the. charge surface -
B and ‘the OHP are 1ntended4nere1y to 1nd1cate the presence of water
of hydrat1on and do not necessar11y 1mpTy that 1t 15 onTy one

R moTecuTe th1ck It s’ poss1bTe for counterlons to be spec1f1ca11y

VA
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fvadSOrbed" to the charge sUrface with a]] or most of the’ hydrate f'
water mo]ecu]es be1nq absent between the charge surface and the

ispec1f1ca11y adsorbdd counter1on Such a 1ayer wou1d be ca]]ed the_

- "Inner He1mho]tz ﬁayer” or "Stern P]ane (122 123) However, in the

ftpresent case the experlmenta] data are. 1ncon51stent w1th spec1f1c 3

o a'adsorpt1on, and therefore the OHP is: cons1der°d to be the p]ane o

o of c]osest approach of” counter1ons

TJO reg1ons are now d1st1ngu1shab1e in the doub]e ]ayer The ) pjf
,F‘f1rst ]y1ng between the charge surface and OHP, is ca11ed the "
’compact part" of the doub]e 1ayer.and 1n it the potent1a1 decays ffi :.'Uj
b11near1y (F1gure 23) “The second reg1on 11es between the OHP and -
"'bulk so]utlon and is ca11ed the ”d1ffuse part" of the doub]e
' sf]ayer Here the potent1a] decays not 11near1y, but near1y i .@ fa 8
E exponent1a11y because the excess counter1on charge nearer the OHP
'screens the 1ons farther away toward the bu]k so]utlon caus1ng
ithe potent1a1 to- decay more- rap1d1y ~The sum of the excess charges
-in the OHP and dlffuse part of the doub]e ]ayer must be equa] j
Jbut oppos1te ]n s1gn to the surface charge in order that e]ectro-v
‘neutra11ty be ma1nta1ned i '.;a'_ ;3' » lg'- | _y7'4h/('

If the act1v1ty of the potent1a1 determ1n1ng 1on, DPGH , ln .'

.the bu]k so]ut1on were reduced at constant 1on1c strength some
@

s DPGH wou1d desorb from the resin in order to re- estab]lsh

" e]ectrochem1ca] equ111br1um The net effect wou]d be a decrease 1n
7¥P5 (Equatlon 35) and in surface charge dens1ty,7 (F1gure 23)
: Now cons1der the effect of 1ncreas1ng the 1on1c strength 1n R

- bulk so]ut1on by add1ng more inert e]ectro]yte such as sod1um '




" Figure 23.

129

Dependence of the e]ectr1ca1 potent1a1 1n the
| "doub]e 1ayer on d1stance from the charge surface:—;
:e"for a: fixed tota] concentrat1on of un1un1va1ent B

";e]ectrolyte 1n ‘the bu]k so]ut1on ( O 10 M)

5.

 and vary1ng surface potent1a1 C] 2 OO x 10 4 |  f

: farqd/cmz; \y 20 X 10_’/yo1t curve 1)

TQ.X~TO"3 vo]t;(curve.Z),;S-x ]O , vo]t,(curvé 3).

R
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e. time'mafntaining'the aCtiVity’of‘DPGH+

chl or‘i‘d‘e vihile 2
E constant o u]k soTUtion Syice ﬂ! 71? con tant and the eTectro]y e “fff

' concen rat1on has been rnc,eased th1s Te. s to a correspond1ng

s attracted 1nto the doubTe'

/

Tayer and’ co1ons repe]]ed from 1t In order to maJntaJnlelectr07-

' ,proport1onal 1ncrease of

:-ﬂneutra11ty in the doub]e Tayer the number of DPGH 1ons-ad30rbed '
s must increase (Targer Ob) A second consequence of 1ncreased 1on1c

f,strenqth is a compress1on of the d1ffuse part of the doubTe Tayer '

I
i

ﬂ«(F?gure 24) Th1s occurs because the 1ncreased counterlon o

1ffuse part of the doubTe Tayer c10$er to

‘.ufconcentrat1

i prov1des an 1ncreased screen1ng effect for 1ons farther out

1n the d1ffuse ]ayer The potent1a1 therefore decays faster | |

| The compact and d1ffuse parts of the do\b]e Tayer are usua]]y
htreated as two para]]e]}p]ate capac1tons in ser1es, and d1scuss1on .

e - of this 1dea requlres that the above qua11tat1ve descrlptlon of

fffrﬁ_{‘f'J.the doubTe Tayer be expressed mathematlcaTTy The\compact part of :f._3g_
B ,.;'i the - double Tayer obv1ous]y has some ana]ogy w1th a capac1tor, ! :
':fof,ﬂi w1th the charge surface const1tut1ng one “pTate" and the OHP the "

‘ﬁ~other The capac1tance of the compact part of the doub1e Tayer C],

g _1s g1ven as:

In the absence of spec1f1c adsorpt1on C] 1s,'near1y constant 1nde-

ffpendent of eTectroTyte concentratlon (126 127)

.



. ._;Ei]’gure_ 24,

"the bu]k so]ut1on ‘C]v -2.00 X IO
g FV 20 « 107 volt;

.\'

- Dependence of the e1ectr1ca1 potent1a] 1n the |

'!double layer OA\d1stance from. the charge surface

\ /

"for a fixed surﬁfce potent1a1 ﬁnd vary1ng tota]l’V

concentrat1ons of un1un1va1ent e]ectro]yte in

=4 farad/cmz,',.

It

‘:nf .
II

0 005 M (curve:1),

=

il

= o.osem (eurve_Z), c 0 5 (cUrvev3);37'
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'.,'1;.; .» : ;5 ,{" d."t'* ;;  ‘_ ’“h‘b _.1 -
- The ccond capac1tor has the OHP as one'”plate”_and a- |
- hypothet1ca] p]ane in- tho d1ffuse part of thc douh]e 1ayer as.
i the second p]ate Th1 Tatter po1nt requ1res e]aborat1on y N

Mathemat]ca1 treatment of the doub]e ]aycr (125 12/)_15 based-”
'on the fo]lowrng assumpt1ons. The surface 1s un1form1y’charqed
solvent 1nf]ucnces the doub1e 1ayer on]y through the d7e1ectr1c
-,zconstant th1s d1e1ectr1c corstant has the same va]ue throughout
the ent1re d1ffu S0 part Under these assumptIOns the double ]ayer
is governed by ::(1) Cou]omb1c 1nteract1on wh1ch 1§ descr1ded by

-Poisson's.equation:

‘?ettsigqj :v%.iggfiej ; ;_lh_l .,‘ v. fi?lt‘bh;d(37)ajjix‘_t

' Tv’Where Qf 1s the second dcr1vat1ve vector qf1s the potent1a1 at
e',d1stance X, F the charge dens1ty and E.the perm1tt1v1ty, and _(é)h
,Bo]tzmann d1str1but1on which can be descr1bed by the fo]]ownng'f
eQuat1on RN ,' e B | |
My =g exp( znym S
o w'her‘e‘-‘n1 and no are the number of ions 1n the doub]e 1ayer and c

bulP so]ut1on respect1ve1y The rest of the sywbo1s have the same \v

'j'meanlng as before By comb1n1ng equat1ons 37 and 38, a second order‘"

L d1ffcrent1a1 eouatnon te"u1t *&"ff‘t: ::"" L ’-'.- ’i}"\-. |
s -—~'-——~~s1nh iont SNSRI 0 (39)




o : T ek “ AT o e
with: boundary conditions of = :

T

VYo et

=0, '\P?;O’ 4t x= 00"
at ]ow LFbHP (ie. & 0 025 V), the sb]ut1on of the above d1fferent1a1_~_
A o . N
‘equat1on is s1mp]1f1ed to -

b J.

qj q} exp K:X) ;: {b“‘.!t:. ._ '*71._'L(4O)- '”d’:

K:=.(—4+——f——5555) B R )

o Th1s second order d1fferent1a] equat1on is 1n the

- X d1rect1on onTy

| ** X s from the OHP p1ane not from the charge surface a

.Equatton'(40) 111ustrates th”t at ]ow LPOHP the potent1a1 decays in an ”7;h;

‘ 7“-ﬂexponent1a1 form in the doub]e ]ayer reg1on F1gure 23 11]ustrates

o th1s phenomenon at three dlfferent q’ P.

N
. \

. In the absence of a spec1f1ca11y adsorbed Inner He]mho]tz P]ane
’ N

:-,hg . .,g'\\z__V_“
L N

| _of counter1ons, e]ectroneutra]1ty requ1res that
P % s )

. ,whehe'oBL 1s the charge dens1ty in- cou]ombs/cm P 1n and beyond the o

. OHP (]22), Produced by the pos1t1ve surface excess of counter1ons ST



hzfr-equat1on 42 the fo]]owlng 15 obta1ned

Co136 -

B and negatlve surface excess of co1ons th is. re1ated to quHP by

h equat1ng the & DL w1th the net space charge 1n the d1ffuse part of the
>7'doub1e_1ayer (1 e. ‘/,F dxy the 1ntegrat1on is from the OHP ' 'fd[,fj.w

_not ftomfthe charge surface) and app1y1ng the Yo1sson Bo]tzmann
“'dfstributioﬁ (122). The resu]tlng express1on 15, - |

Rl )ﬁcwz ( exp[ 0”"1 : exp[ °”P15 o
, AD._L".A'ZOQ.OW PN e ZRT S .ZRT ) . ‘
'“:where ul is the e]ectr1ca1 potent1a] at the OHP 1n vo]ts,.__\
s the concentrat1on of e]ectro]yte 1n bu]k solution in moles/1" = - ~"‘, ,'dﬂ
"*and Z ] for un1un1va1ent e1ectr0]yte The perm1tt1v1ty of the
;.so]ut1on 1n the double 1ayer E 1s equa] to the un1t1ess dlelectr1c '
'constant t1mes the con§tant 1. 12x 10 ]2 cou]omb/vo]t -cm’ (122 127) O ”c; 17:
v_: When Z\POHP is sma]]er than about 0. 025 vo1t at 25° C then ; 1" ;‘;‘ff:;‘td
. exp[-———gﬂgl “’1 +— OHP R U R

v?ﬁd389uation743ibécdmes:f.j'

el EWOHP' 8712 F <2 &IC o
“’L ) LIJomv_ sy

4n 10_00 RT: 4n

'By rearrang1ng equat1on 45 and subst1tut ng 6 for DL‘from?'

e



h '::of e]ectro1yte c) 6 yar1es 11near1y w1th q#

R o RN ."‘_ | R \\;."Z S :
uJOHP 44”--_ e |

L from w wh1ch 1t 1s seen that the dlffuse part of - the d:;bfe 1ayer | "'r,
"'.<has the same. capac1tance CZ’ as a para]le] plate co denser w1th

._d]stance 1/K between the plates For th]S reason 1/i, the dlstance o
g‘over wh1ch the potent1a decreases from q]OH to ‘POHP/E’ is
:called the "th1ckness“ of the d1ffuse part of: the doub]e ]ayer

At a f1xed 1on1c strength 1n bu]k so]ut1on (1 e. f1xed concentrat1et,r“.“

OHP On the other

e . i
.;uv_hand, if the jonic. strength of the so]ut1on is var1ed then the = -

| "-h[;i_sh1p that preva1ls when q) > ‘0. 025 volt Subst1tut1ng O for t_°

hvjcapac1tance C2 var1es d]rect1y-as c]/2 because the "th1ckness ;. =

'IHI/K of the d1ffuse part of the doub]e layer decreases 11near1y ‘ |

’n.zwwth c]/ (F]gure 24) At 25° C w1th 2= 1, and assum1ng the d1e1ectr1c R
‘_constant to be that of pure water ( ie. 78. 3) the capac1tance

;"ﬂ.has the va]ue f? :f':hi? o : :h,iwf//_.:":
2 28X]O v ]/2 far‘ads

cy | -(47f)_f. C

2
-and 1ts va1ue is proport1ona1 to thJ square roo of c, and. there-

"lfore to the square root of the 1on1c strength AT the bu]k solut1on

o It 1s 1mportant 1n the present study to. know the re]at1on4?» :

iy

~OpL. from equat1on 42 1nto equat10n 43 and rep]ac1ng the exponentlal o

‘,'terms w1th the1r hyperbo]1c sine. equ1va]ent a]]ows equat1on 43 to

- be’ rewr1tten as: _‘*Q "-ff-jgv_"-t-';f" Vo 5._;"v, ;g{u - ’""“”“1 o #('
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It'can'a1sdbneéd11y{be shown that:

a-‘

- t .

- JSubstituting from equation 49;1ntof48'anq.sjmp1ifying gives:

4 . . X . . —_

b

S”‘h (_—Oﬂ) =) L &L L L (0
ST L

;;.SantitUtiné numetﬁtai3Va1uesv¥{e]ds;v -
S 1. i e

-'8. 53 00T e sy
L ZRTJ“I; ST e

!

"‘Equat1on 51 al]ows an eva]uat1on of \P OHP from the known e]ectro1yte

. ;concentrat1on C, and the exper1menta11y measured va]ue of G

s1nce the va]ue of ZFW’OHP/ZRT\pan be found 1n tab]es (1299’?or
"ﬁany va]qe of s1nh ZF‘POHP/ZRT) Start1ng, as 1n equat1on 46 w1th
3the def1n1t1on of C2 and subst1tut1ng the va]ue of d from R S

) equat1on 50 g1ves

PP 0 1 ey
OHP) s1nh(————£ﬁﬂi)
W 2RT .

s WO <§—" ><
wh1ch 1s a more r1qorous fonm of equat1on 46 that app11es at a]]

l_:va]ues of q)OHP



o T e
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o From equat1ons 36 and 52 and the def1n1t1on of K& nnp]1ed in S

3

3-equa;10n 45 it s p0551b1e to wr1te

. oo |
PP 1 ZFg
—__TOHPy-1_. ~ VOHPyq
L(*§§Tff—ﬁ :s1nh(f—2ﬁgrf~)]’

*\r BRI

% 228 "’4 ]/Z\P

: &

Hhen qJ <. 0 025 vo1t the bracketed term in the denom1nator ‘,'dlAf r'jﬁ-'
of equat1on 53 1s equa] to one* and equat1on 52 s1mp]1f1es to r. '3>1711“
- - :equat1on 46 Equatlon 53 prov1des a. s1mp1e wav to exoer1menta1ly v

:'fftest’whether the SGC theory descr1bes the adsorpt1on of 1ons on
fiﬁi;r Amber11te XAD.2 sosince it pred1cts a stra1ght Tine p]ot of G, -1

-1 ZFy -1
versus (c ]/2[(-—7riﬁﬂi) s1nh( OHP)])' under cond1t1ons where \V

- 2RT o
s constant (ach1eved by mak1ng the measurements 1n solutxons of

f1xed act1v1ty of potent1a1 determ1n1ng 1on) Furthermore, if th1s

p1ot 1s repeated for severa] d1ffengnt Surface potent1a1s, then o

' the rat1o of the 1ntercept to the s]ope shou]d be the same for

8 each p]ot and’ shou'ld have the va1Ue 2.28x 107/¢, ;

/



g@Z;ZEMicroelectrophoresﬁs

= any accuracy, is” usua}1y assumed to be at or s]tght]y beyond the ,

. ~treated as a po1nt charge 1n an. unperturbed electr1c f1e1d If

< "L’“_.. ‘

)
-

E]ectrom]grat1on of charged part1c]es 1arge enough to be seen :
w1th a m1croseope can be measured by m1croelectrophores1s, a
techn1que in wh1cn the rate of movement of 1nd1v1dua] partlc]es

:15~observed (127)1 Charged part1c1es m1grate 1n an app11ed

- e]ectr1c f1e]d because of the e1ectr1ca1 potent1a1 d1fference o

between the part1c1e and the bu]k so]ut1on Adsorbed-potent1a1
determ1n1ng 1ons as we11 as a certaln amount of water of hydrat]on

' w111 form part of the m1grat1ng un1t The boundary between the

- m1grat1ng un1t and the so]ut1on phase wh1ch in rea11ty is a

region of rap1d1y chang1ng v1scos1ty, 1s ca]]ed the “plane of

' shear"‘(Flgures 22 and 23) and 1ts 1ocat1on, though/unknown w1th

OHP (1 127) The potent1a1 d1fference botween the p]ane of shear h
arf* the bu]k solution 1s caﬂed the zeta potent1a1 Q) and 1t is g
which is access1b1e by e1ec+roph0ret1c measurements |
In the m1croe1ectrophores1s experxment the measured quantlty

is the e]ectrophoret1c mob1 1ty UE m1crometer cm/vo]t sec. There are
':severa] eguat1ons re]at1nq the e]ectrophoret1c mob1]1ty to the
tzeta potent1a1 The Huckel equat1on (]30) app]1es for smal] part1c1es
. (m.e the rat1o of . rad1us to the th1ckness of the double 1ayer

(17K) is dn the order of O 1) In th1s case, the part1c1e can be

= Stoke s 1aw app11es here then the fo110w1ng equat1on is obta1ned

A




o 1‘41..'
UE=6—‘%% .f’ e o s |
."whergy] is the VlSCOS]ty of the 11qu1d 1n po1se But the Hucke]

~ equat1on is. not 11ke1y to be app11cab1e to XAD 2 part1c]es, s1dfe
;'the XAD-2 part1c]eL under 1nvest1gat1on have a very 1arge radlus
".The He1mho]tz Smo]uchowskl equat1on (123 127) on the other hand 15
usefu] for 1arge part1c1es Thelr)treatment 1s based on the mot1onv
'fof I1qu1d in the d1ffuse part of the doub]e 1ayer re]ative to a~
nnon conduct1ng f]at surfuce when an e]ectr1c f1e]d 1s app11ed
| paral]e] to the surface By equat1ng the electr1ca1 and v1scous'
d ,fforce on a 11qu1d 1ayer of un1t area and app1y1nq the Po1sson

equat1on , the He1mho]tz Smo]uchowsky equat1on resu]ts

- . \
= 1.28x107 U_volts \ (85)

e X

A part1c]e is 1arge i the rat1o of 1ts rad1us to the th1ckness ofi
the double Tayer (]/K) is greater than about 300 .;ﬂ FEUERE S

"‘If:thedapprpx

“;atton_is made’(]ZZ)f"
J°xiathen equationi36 can be rehrittenbast

BT A s o’o



H The va]ue of 41

142

. and rearranging gf(es;"3 e
GGV -ag s - (58)

OHP o from equat1on 56 the va1ue ofz; depends

.';eon the total e]ectro]yte concentrat1on, C, . and or 0’ V]a equat1ons

7A‘42 and 43 Thus, a p]ot of the exper1menta11y measured va]ues of
: 6’ versus those of ; shou]d glve a stra1ght 11ne under condpt1ons
where tWe act1v1ty of potent1a1 determ1n1ng 1on is he]d eonstant .
to prov1de Gonstant q’ o’ and ‘the concgntnat1on of total electro]yte c,

s var1ed 1n order to vary lPOHP 1"
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3. EXPERIMENTAL
B
- 3.1 chemicals . '\S\ R

rhave been descr1bed in the f1rst part of the thes1s

-ﬁxas rece1ved It has the fo11ow1ng structure

- ".' " R

D1pheny]guan1d1ne benzy]am1ne and detra -n- buty]ammon1um bromlde_

: Q}‘

Code1ne Phosphate was supp11ed by~ Endo Laborator1es It}wastSed;"

-

Acetam1nophen was. supp11ed by Matheson Co]eman & Bell. Thfs' if;g}fb

[

..compound was used w1thout further pur1f1cat1on Its structure{is

‘shown

-

as - be]ow

 tchoNHi

Other chem1ca]s, 1nc1ud1ng sod1um perch]orate sop1um ch1or1de,

sodium brom1de, sod1um phosphate d1bas1c pota551um phosphate

:'monobas1c, potass1um ch]or1de hydroch]or1c ac1d hydrobrom1c ac1d

perch]orlc ac1d d- camohorsu]fon1c ac1d sod1um sa1t and propane- - 7

Wlﬂ,su]fon1c ac1d sodlum sa]t were a]] ana]yt1ca1 reagent grade chem1cals

a3



'Vhfhydrogen phosphate (soduum p

- 7”53 2 Reagents

.} *‘ “'._"

»é'

0. 1 M Potass1um Ch]or1de Potass1um ch]or1de vas dr1ed at

f50 --60°C overn1ght or unt11 a constant we1ght was" obta1ned Th1s

:rwas used to prepare 1 11ter of O 100 v;kCTpSOIUtion.. =

-~

hate d1bas1c) Thts buffer p; M';;. e

e :

[”so]ut1on y1e1ds a pH of 7. 4,

Res1n suspen51on (1 mg/m]) : prepared by f1rst we1gh1ng -

| -rough]y 0 1 g of the dry res1 After r1ns1ng w1th methano]

d»water was added to rep]ace th methano1 F1na1]y, a proper amount

A

of. water was added to make a tal vo]ume of- 100 m] Th]s solut1on_""
1conta1ned 1 mg of the XAD- 2 res1n per ml aqueous so1ut1on and

:jwas used 1n the m1croe1ectrophoresis measurements



1’3131Chromatographic‘Apparatds S

) -

A Chromatron1x mode] CMP- 2VK pump, a 10}11 1n3ect1on vadve ;;

'5(mode1 CSV), a- pressure gauge, Tef]on tub1ng, and Chem1nert 5

1f1tt1ngs were a]] obta]ned from Laboratory Data Contro] The -

| u. V absorbance detector was a mode] 'SP 8200 (Spectra Physics, ' [‘
'A,"_Santa C]ara Ca11f ) and the recorder Q. Recorda]] mode] 5000 ‘

(F1sher Sc1ent fwc Co ). The g]ass M1crobore chrpmatographlc

' u"columns (Labor tory Data Contro]) were 0 28 cm-1.D. by 30/5 cm

. -145

,
1ong and were dry packed with <f325 mesh XAD 2 The co]umns were.-‘

. water Jacketed and thermostatted at 25+1°C SRR



AR R R [
3.4 Resins - '

et Amber]lte XAD 2.res1n (Rohm and Haas Co y Ph11ade1ph1a, Pa )

i: wa§‘ground in a tr1p1e porce1a1n roller m111 (Erweka-ﬂpparatebau-,

R

7_MGmbH) dr1ed, and c1ass1f1ed 1n U S standard s1eves The <1325
hmesh port1on wh1ch was used both 1n pack1ng the chromatograph1c o
\f co]umns and in adsorpt1on 1sotherm measurements were pur1f1ed |

‘band "de f1ned" as prev1ous]y descr1bed (]7) Part1c1es of

L

d'pm1na11y 5 m1crometer dlameter for use‘1n m1croe1ectrpphore51s

were prepared by e]utr1at10n of the <:3é5 mesh res1n us1ng methanol

' “f(Th1s resin was. prepared by Dr. Robert Baum) The e]utr1at1on o
.Lapparatus was s1m11ar to that prevwous]y descr1bed (13]) except

"1 that so]vent was pumped at constant flow rate w1th a Chromatronwx |
: 7‘mode1 CMP 3V pump (Laogratory Data Contro] R1v1era Beach— F]a )
tiand the co]umn was - kept at constant temperature by means of a ‘h;

R water Jacket D1ameters of the 1rregu]ar shaped part1c1es were

488 " ‘ S

: ‘”measured m1croscop1ca1]y k Qh~‘

{4145f)¥“_“‘
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"._365-Ad50rption.lsotherms R

Isotherms for the adsorpt1on of DPGH and acetam1nophen on

o XAD 2 were measured at 25+1 C by a batch equ111brat1on technlquef;' ;.

'L A1 so]ut1ons were adJusted 'to pH -3 w1th hydroch]or1c ac1d Inefff

1the case. of d1pheny1guan1d1ne th1s 1nsured that the concentrat1on

v'j;zof d1pheny1gdan1d1ne lfree base wa's neg]1g1b1e Twenty five ml ‘,7

‘“-volumes of aqueous phase conta1n1ng vary1ng amounts of DPGH or f? >d;
"acetam1nophen and sod1um ch]or1de‘were p1petted 1nto stoppered 1:
f~.f1asks a]ong w1th 2. 5 g of XAD 2 res1n F1ve d1fferent MaC] L

o _concencrat1ons were used -Q. 01 0. 05 0. 10 O 25 and O 50 M

| w1th f1ve or s1x d]fferent concentrat1ons of DPGH or acetam1nophen

used for each NaC] concentrat1on The stoppered flasks were

a

"'fl;fiag1tated in ¢ mechan1ca] shaker (BTue M Company, B1ue Is]and 111 )

'*?g_for about 24 hours wh1ch was shown to be suff1c1ent to estab]lsh S y’

"'ﬂ adsorpt10n equ111br1um The aqueous phase was f11tered free of

S res1n and ana]yzed for its DPGH or acetam1nophen concentrat1on ‘

f-;by U.v. spectroscopy on a Cary 118 spectrophotometer (Var1an
»‘Instruments, Pa]o Alto Ca11f) Concentrat1ons Of DPGH or iiv
“f:acetam1nophen on the res1n phase were determ1ned by d1fference

| Because XAD 2 res1n w111 not 1mb1be water 1nto 1ts pores 7;i(':u

? when dry res1n is p]aced d1rect1y 1n water, 1t was wetted wvth
'timethanol before be1ng used 1n the 1sbtherm measurements The ‘ ;._".

':{methanol was f11tered off and the methano1-wet res1n washed ,1;;},fi22’

| thorough]y w1th water to d1sp1ace the methano] Excess water was

"stucked off and the res1n whlch now conta1ned water 1n 1ts pores, .

A
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",3.6_Chromatographic,StUdﬁespv

Chromatoqraphy was used to obtaln adsorpt1on 1sotherms '

for BZH to study the effect of the concentrat1on of both tetra— )

“53 n- butyTammon1um brom1de and totaT brom1de on the retent1on voTume

-of DPGH and code1ne phosphate and to study the effect of var1ou° B
{saTts on the retent1on of BZH | v |

| The chromatograph1c bed was r1nsed by pump1ng methano]
}fthrough 1t Then methano] was repTaced by the des1red mob1]e ' .

Tphase The TO pJ 1n3ect1on va]ve was emp]oyed to. assure that a

- constant amount of samp]e was Toaded on the coTumn The f]ow

R

~rate was. kept at 0.5 ml/m1n This fTow rate was cheaked by

"co]Tect1ng the eff]uent in a buret for a known t1me per1od T
'retent1on voT me was the dlfference of retent1on voTume and vo1d

/avolumn Vo1d vo]ume of the coTumn was. determ1ned by 1n3ect1ng

e an unreta1ned compound such as methanoT 1nto the co]umn The

i

gvo1d voTumn was 1. 34 mT for the 30 cm Tong coTumn when the mobl]e pha%edﬁ7
was changed between exper1ments, sampTes were 1nJected at var1ous |

't1mes unt11 a constant retent1on vo]ume was obta1ned, 1n order ff'

- to 1nsure that the res1n bed and mob1]e phase were equ1]1brated

' The wave Tength used for th1s study was 254 nm Sens1t1v1ty sett1ngs
| ~f» on the U V. detector were from 0 02 to O 08 except that for

acetam1nopheh . 0 32\was used



\ . . g : | 149
was we1ghed 1nto the f]asks The exact we1ght of res1n 1n the ' "

sf]ask was determ1ned after equ111brat1on by f11ter1ng off, wash1ng,

oven dry1ng, and we1qh1ng | The pore volume of water was’ xnc]uded

' ’for ca]cuTat1on purposes, 1n the’ aqueous phase volume

Adsorpt1oﬁ 1sotheﬁms of benzy]ammon1um 1on (BZH ) were .

i.measured by chromatog#aphy on]XAD 2 The mob1]e phase was maden
"to conta1n vary1ng concentrat1ons of hydrobrom1c ac1d Concentrat1on B

"_of BZH ‘was. var1ed by varylng the concentrat1on of BZH 1n-the_,

v_Af10}L1 of: samp]e so]utlon 1n3ected The chromatograph and the |

'*l'ff~ca1cu]at1ons used to obta1n 1sotherms from chromatograph1c

'.eretent1on vo1umes are descr1bed ﬁe]ow (56Ct10" 4.2. 2)
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v3.7‘_MicroeTectrophoresTs.i K 1 . ':' ._T e:‘;i;.'
: T S LT
'1, E]ectrophoret1c mob111ty was. measured on a Mark 11 M1croe
;veTectrophores1s Apparatus (Rank Bros R Cambr1dge, Eng]and) us1ngr
ca f]at quartz ceTT 0. g m th1ck and 9.7 mm h1gh, 1mmersed in a
_v25+T C water bath The v1ew1ng ax1s of the m1croscopé was .T
»hor1zonta] 50 that observat1ons wére free of 1nterference caused‘l"
vby grav1tat1ona] sed1mentat1on of theiges1n part1c1es The
'ﬁpTatanlum eTectrodes supp]1ed w1th the 1nstrument were rep]aced :

’ jw1th co1ls of s1Tver wire prev1ous]y anod1zed to g1ve them a

_coat1ng of AgCT Th1s was done in order to m1n1m1ze "gaSSIng" »
f'at the eTectrodes 1n the Tow res1stance sampTe so]ut1ons The
effect1ve Tenqth“ or 1ntere1ectrode d1stance was caTcuTated from

.o

: the equat1on (]27)

TU“Tﬁn

Le=rkA o f._': 'ff,wm

: awhere k s the spec1f1c conductance of O TO M KCT w1th thCh the
hceTT was f1TTed for ca11brat1on purposes, A 1s the cross sect1ona] :_TL
- ared of the ceTT at the po1nt of m1c;oscop1c observat1on and r.
J is the res1stance measured w1th an 1mpedance br1dge (ModeT 1650 A
| Genera] Rad1o Company, Concord Mass 3. The vaTue of k 1s

-2 -1

.1.289x 107 ohm™ ;c‘ (132) The vaTue‘of A was . determ1ned as’

>7 76><]0 -2 cm and T was measured as 5790 ohm W1th the vaTue of L

_obtalned from the caTibrat1on measurement 1t 1s poss1b1e to caTcuTate -

.‘the potent1a] grad]ent in voTts/cm dur1ng an. eTectrophores1s

-



o

'exper1ment by d1V1d1ng the voTtage app]1ed between the eTectrodeL by L.ff.[{

‘M1croscop1c observat1ons were made on part1cTes of XAD 2 resin

'f,fat thé\Istat//nary\ngeT\\1n the so]ut1on, wh1ch was Tocated 20 ’

\

'percent of the d1stance from one ceTT waTT to the other, in

, order to m1n1m1ze convect1ve movement dpe to eTectroosmos1s (127);; f;-

| '-The t1me requ1red for a g1ven res1n part1cTe to m1grate 50 m]cro—

meters was measured The poTar1ty of ‘the appT1ed potent1a] was ';

then reversed and the t1me requ1red to m1grate in the oppos1te fp

' _y'd1r°ct1on vias. aTso measured The measuremcnts were repeated ten

"~t1mes at each appT1ed potent1a1 and poTar1ty As a check on _
‘l1nstrument caT1brat1on the eTectrophoretjc mob1]1ty of unwashed
-human red bTood ceTTs was measured at 25 C 1n 6 67x TO -2 M |

} phosphate buff~r ac pH»— 7 4 \The ant1coagu]1nated bTood sampTe.was

r“refr1gerated for severa] days Aefore use The observed mob1T1ty

\‘

was —T TT m1crometer cm/voTt se¢ wh1ch 1s Tower than the accepted

ta.

4';"_mean vaTue of -T 30 for fresh b]ood but cTose to the Towest vaTud

vof -] 12 reported by Abramson (133) for aged bTood
o ZL Suspens1ons of XAD 2 res1n for eTectrophoretTc measurement ,fe.i'“

.'awere prepared at a concentrat1on of 01 mg/m] Three series of bhese o

'_]”res1n suspens1ons were prepared In each ser1es the act1v1ty of

' »DPGH “in the aqueous phase was constant wh11e the 1on1c strength

‘~was adJusted to four d1fferent vaTues by add1ng NaCT The
><act1v1tv of DPGH var1ed between the ser1es AT soTutionsﬂwere' s
.'\adJusted to pH 3 by the addi*lon of HCT uob1T1t1es of‘XAD 2 :

resin were found to be 0 when no DPGH was present

]



4. RESULTS AND DISCUSSION -

-

-_ 14.1'Adsorbent,Properties E

Amber11te XAD-2 is- hydrophob1c, since its surface 1s not
‘wetted by water (134) The forces of 1ntJract1on between a ; |
. samp]e Spec1es and the surface of XAD 2 are ma1n1y dﬁspers1on forces
| wh1ch, 1n the case of aromat1c samp]es, take the form of TT TT

' 1nteract1ons S]hde~XAD 2 res1n 1s a styrene d1v1ny1benzene

- L.

~ ’copo]ymer the e]ectron donor propert1es of the . benzene r1ng
. o

y;jmake 1t poss1b]e for it to also undergo weak - hydrogen bond1ng

) 1nteract1ons w1th sample spec1es that carry proton donor groups

4 (]35) Styrene d1v1ny]bevzene copo]ymers such as- Chromosorb 102
3fand Porapak P wh1ch are used as gas chromatograph1c stat1onary
| phases have been found to contaln sma]] numbers ‘of - po]ar 1mpur1ty h _
4}surface STtes (136J137) and Zett]emoyer (138)fnuhcates that it ;fﬁil
“'t_1s near]y 1mposs1b1e to synthes1ze any hydrophob1c surface that |
Ef1s {ree of po]ar s1te 1mpur1t1es XAD 2 wh1ch is chem1ca1]y |
‘1dent1ca1 to some of the gas chromatograph1c phases is probab]y not
.1mmune from these 1mpur1t1es In Part I of th1s thesfs,‘a sma11
amount of H3O and OH™ were. shown to be taken up by XAD 2 res1n
.fIt may we]] be that this. occurs by . react1on of the H30 or- OH
w1th ac1d base surface 1mpur1t1es ’ '
_'b\ | f' Var1ous batches of Amber]1te XAD 2 are reported to have»t
. spec1f1c surface areas rang1ng bétween 300 and 354 m /g as. ‘1

determ1ned by the BLE.T. method poros1t1es of 0. 42 ml/ml, and
' "ﬁverage pore d1ameters of 90 A (28 139 140) | S
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4.2 Distribution Isotherms of DPGH® ahd BZH" and the SGC Theory

‘4.2,1.Diphenyﬁguanjdinium'ibn (DPGHT) - B

The results of : adsorptwon stud1es of DPGH by the batch
':equ111brat10n techn1que are presented in Tab]es 23 to 27 If the 5d_,

'fjconcentrat1on of - DPGH; on the re51n (mo]es/kg) is d1v1ded by

9

'1”3 30X 10 cm; /kg,whlch 1s the average of the reported ya1ue of

fspec1f1c surface area of the- XAD 2 res1n, then 1t g1ves rﬁDPGH"
'the surface excess (moles/cmz) The d1str1but10n 1sotherms obta1ned

in. the presence of var1ous bu]k so1ut1on concentrat1ons of sod1um o

; >
oo

pch10r1de are. presented 1n F1gure 25.

At h1gher concentratlons of DPGH Th\soiutionlthefdata-canﬂ‘

R

“ubeldescr1bed by the Lang%utr;equatlon_(lol)},}'?zj;A ;. e

S R RSP Rt

':,':.[“—DPEH | .QK"[ﬁD,P,GH}]"ITDPG“”"A'*.' GPGH MAX

(60)

T

"where»EDPGH]ris ho1es/1 of.ufGH in the so]ut1on, K is a hetero—'
jgeheous equ113br1um constant and erGH MAX is the surface»excess'
' .correspond1ng to mono]ayer coverage of. res1n surface w1th DPGH
»-Fxgure 26 shows the data for DP$H p]otted-accord1ng-to'equat1on g
-La.<;o0 The y- ord1nate 1ntercepts for a11 of: the curves are the7same, |
'r”1nd1cat1ng that rBPGH MAX 1s the same regard]ess ‘of .the 1on1c .
{i"strength of the so]ut1on Th1s 1ntercept va]ue of (0 59 + 0, 02)X 10]0 '

-10° mo]es/cm2 for a monolayer of

-’»DPGH , andito an-area of 9.8x10 15 cm2 occup1ed by each DPGH

”Qcm /mo]e corresponds to . 1 70x 10”

o
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Adsorpt10n 1sotherms for- d1pheny1guan1d1n1um ion
in the’ presence of var1ous bu]k solut1on concen-"
trat1ons of sod1um chloride. The numbers at the
end of the curves are the mo]a71t1es of sod1um -

h10r1de

S
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used (g)

e

Tab]e 23

Data for the d1str1but1on asotherm of

DPGH on XAD 2 res1n 1n 0 0]1 M NaC]

Wt. of XAD-2

_'Aqdedug’phdse'

.vo]ume.(m1)17

- [oPGH"

7

f.'mo]és/]

[oPeH Tp [ppgyx 10
2

_b-_moles/kg;

B

mo]eS/cm

56

-
B oW N

o

2.543

2.58]

2.443
2.516
253
52;460

2.602 ..

25

24.
25
2.
R
2.
24

2.516 . 24,

055
71
037
791

970 -

135
880
917 ..

N R - B

110
Jo.

33x 1073
9% 1072
2

47% 1072
43x 1072

;sojibfz‘ff
52% 1072

.68x 1072

T o

-

Lo 0o o .0h o O o o

0588
i
183
.227i' 
279
322
369 -
.399‘ ’

0.178
0.382

Qf553_f';;{l'; R

0.688"
0.845

-0.976
1118

S1.208

b
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”‘J  Data for the d1str1but1on 1sotherm of
 OPGH" on XAD-2 resin in 0:050 M NaCl
NoQ"wt of XAD-2 f7'Aquéo;;fbhase 5

used (g);j"

Tdb]e~2

',;yolﬁmég(m1)

4

e

m91é§/1:

v[DPGH

]

s

[DPGH ]R
mo]es/kg

. lT)PGH

157,

X 10L6',
mo'les/cm2 o

s ~

B

P2 R I

N -

- 2;647;;-}

o2as
2509
EX

2.0 N

© 25.030
25.325
- 25,311

25.480
 25;243*';}:f¥

25.132

19.18x 10"
i51 92x 10
3. 02xv10-'
4.92x’ 107
6 22x 10

'1;03x1T0'3__
3

2

f 0.926

< o;isé.-
0393 -

0.554 - -
| 0.69%
2 o.826

: 0;2091.0

0.491
0;676;h: 

0.8
1.052
CL50




Tab]e 25

‘v

Data for the d1str1but1on 1sotherm of

DPGH on XAD 2 res1n 1n 0. 10 M NaC]

)
h)
P

T : Lo T
L Wt of xAD '2 1Aqueous phase [DPQﬁ ] [DPQH ]Rf'_ rBPGHX]O“_*'
2

used (9) i:.;j“,volung(m]) i mo1es/1 '@01e57k9~, ;md]eS/gm' k '

s W 'pa-.ﬁﬁgx : L_; Lo

2 421f.L ‘”:f 2§;§77 {', 7 78X 107 0.0769 i,;,110{233!> E
f* 2516 28089 | 6 76% 10 3 - G oss
T8y 24ﬂ§37*' if_~1 66%102 Q286 0745 -
'7- .2 592f_ ?55, 24.627 "'g"z,sax,1q'2 .fd,aoﬁfﬂ” 7&;91912;'f*w

~*L,2 434 26,828 4.60¥7072 0 0.376  |1.139

b Ll . i E a . . ’ N . . L e
UL \ . . LTI SO \ -




Tab]e 26
o Data for the d1str1but1on 1sotherm of

- DPGH on XAD 2 re51n in 0. 25 M NaC]

10

Mo, Wt. of XAD- 2 Aqueous phase - [DPGH 7 [ove” ]R  foeenx10'0

'fav'ysed (g) NOIng (m1) )I mo]es/1 mo1gs/kgﬁl'f-ﬁ61$/§m2; ‘"

1590

| *-_‘.'2"-'40,3" ",_._25_-17.,2- 4 93x10 4"- © 0.0804 0.4

2wy %07 s, 91 x10% o202 o6l
- 2.472° - 24.860 . ‘-.1 40x10 2.’_'-’";'0‘..2'75‘ oam
26 mam 2 42“0' 20w 065].

i ,‘\(\2554 : ,2:4_..8'06;,»;'”..' : '_"4 19X1o 0399 1.207 e

2209 25983 7.88x107 0518 1isss
2685 25922 guzx10? os18 . 570'?

2415 . 2a7%8. - 5.67% 10'2" ~0.440 '_ _ _1 B
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| Tab]e 27 R ” gf': ,’(5 o

Data for the d1str1but10n 1sotherm of ' ‘ - / SR

DPGH on XAD 2. resin in 0. so M\chll‘ c T
: No. Wt of XAD 2 | Aque_ousvﬁha_sev [DPGHY] [DPGH JR rBPGme

' used (g) "VOH._J‘meA'. (’mii);i:}_.’ jnbv].esz/'ll;;::}ir‘n'olle's/.kg' mo]es/cm

S 1  : ~f2:692f~43;"24 577 .20><1o 4

S 2 ads 1~24 897 3.96x10" j'j;o 220;7{[H?fo;6793f”*
S ‘s . S : . : 3 .

’.50x 10
~._24x 10

| 2.695 . 24.668 L 0.295 ]-5;_0;594f~r"

2280 25 061°’;'_ 2.
v 2405 24820
2z omms

| C4eex10? - o_475f;' ;ff1 a2
o 2.504 . 24.837°

o010 o.s 14636

54107 0870 1727

- IRV Y- N (R N
0o _N"ff:b-__vw: N Lo L _N

| 12i5§5f '-'fT?4:&63 o

2 » L u.- N

0. 0744 ;x;,;o:zzs"' g

490x 10 2 0 .453‘-‘- | ] 373",}" s
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‘Fjgnre zee.(, _Langmu1r adsorpt1on 1sotherms for d1phenylguan1dhntun
S ion 1n the presence of var1ous bu]k so]ut1on Qf &{ o
concentrat1ons hf sod1um ch]or1de p]otted accord1ng‘
:_iifto equat1on»60 The numbers at the end of the

fcurves arer the mo?ar3t1es of sod1um ch]or1de.h]: AR

-

S
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:spzycarbon and. the

bh7,’of[a benzene ring.as 43 A

: ca]cu]ated to be 9, OX 10

XAD‘ 2):
- graph

‘

*

~“From mo]eeu1af wodels'Tt‘canabe shown;that the-DPGHT jon .-

:v;_can rLad11y assume a conformation~in Whﬁch thevphenyW grbups"'

are’ cop]anar w1th 2@; another and w1th the p]ane throudh the

.1m1no n1trogen is perpend1cu1ar to th1s p1ane S1nce this
vh'conformat1on 'wou1d max1m1ze n rY1nteract1ons w1th the pheny1
‘h‘lgroups of the XAD 2 res1n, 1t is 11k°1y that the protonated ,'“

ﬁ‘nwtrogen i's d1rected toward the so]ut1on phase Tak1ng the area E

q2 (141) and us1ng tabu1ated cova]ent A

:rad11 of Hs-N and C (142) to ca]cu]ate areas of these atoms,"

'hthe ﬁTat area of a DPGH 1on 1y1ng on- the res1n surface 1s‘~

'-15 o

<y

'-”,mentally measured area occup1ed by a DPGH ion’ noted above

; Thus, mono]ayer coverage 1s essent1a1]y a c1ose pack1ng of

v

;itDPGH 1ons 1y1ng flat on the surface Th1s 1atter conc]us1on
 -15 a]so in: ﬂgreement w1th the resu1ts reporte/;for the adsorpt1onv
{*of pheno] on XAD 2 (28) and for the adsorpt1on of’ subst1tuted '
.f“hbenzenes on, Amber]1te XAD 4, a chem1ca11y 1dent1ca1 adsorbent
Pl_w1th a ]arger spec1f1c surfaee area than XAD 2 139 TQ@

-”ﬂ’»occurrence of- Langmu1r adsorpt1on 1sotherms for 1on1c samp]es at

S

:hngh concentrat1ons has prev1ous]y been reported for examp]e,

trist 3 (2 pyr1dy]) 5, 6~ d1pheny1 1, 2 4- tr1az1ne 1ron (II)

1 . !

tize carbon (143), another hydrophob1c adsorbent
| In order to re1atc the d1str1but1on 1sotherm data to the

proposed mode1 G the surface charqe must flrst be ca]cu1ated

o sp3 n1tronens, and in wh1ch the protonated‘v

Th1s is c?ose to the exper1— e

[N

E(107) und for the an1on1c dye Ch]orazo] Sky B]ue FF On'fh :

.. 163,



e .surface excess of the potent1a1 determ1n1ng 1on: because the l

e
R 4

| :a;(The quant1ty r;EPGH has a- negat1ve va]ue because 1t 15 a

" to f‘

"f~part of the double 1ayer in. order to compute

; *

O tannot be d1rect]y ca]cu1ated from r-DPGH’ the exper1menta]

. va]ue of r.DPGH 1s equa] to the/mo1es/cm of DPGH adsorbed on the s
- surface r-DPGH m1nus the moles/cm of DPGH that have been -
- expe]]ed by e]ectrostat1c repu1s1on from the d1ffuse part of the

»'3 doub]e 1ayer 1nto the bulk so]ut1on r-DPGH

rBPGH r—DPGH r-DPGH o ~z R =(61)..5

4

iq;gat1ve" surface excess ) The surface charge 6 , 1s. thus related

o

g -ob_fizfrfbpgnﬁ' ZF erGH r-DPGH o j.(sztnf

o s0- that 1t 1s necessary to c0rrect the exper1menta] surface excess .‘

: (’rBPLH) by the negat1ve surface excess of DPGH in, the soTutlon

o’

AccordIng to Grahame (122 for a f]at charge surface 1n the

R absence of spec1f1c adsorpt1on of counter1ons, the ratfo of the .'i L
R o’ .
';_surface_excess due to the absence of c01ons 1n the so]ut1on/part

1'ﬁof the doub]e 1ayer (negat1ve excess) to that wh1ch is. due to the

-pos1t1ve excess of counter1ons 1s g1ven as. )'-" f'-- Cg S 1 «

\»
ALY



e o E
oL exp( ZeFPOHP/sz).f-1t - R A
. . : o 1‘ |

where e is the charge of a s1ngle un1va1ent 1on \VOHP

165.

. 1s the potent1a1 at the outer He]mho]tz p1ane and k 1s the Boltzmann S e

constant At 1ow va]ues of‘P OHP ( 0. OO] vo]t) the ratlo is . tt’ N

near to 1 and for 1arge va1ues of \VOHP the rat1o is c]ose to zero

(Both can- be der1ved from the ] Hop1ta1 pr1nc1p1e ) For 7= and

. at 25°C the above*ehuat1on is wr1tten as I 'v' ;i f“,_
T{Qf;;thL-: o ' ;' .
EENNEY Hvaiie exp( 19, 47w D=1 -
- + = OHP (64)

:FT?L_';, exp( +19, 47\P0HP),- 1 ; .

In the presence of an 1nert e]ectro]yte such as NaCl, there are.
two types of co1ons, Na and DPGH , SO that on1y part of the negat1ve>ﬂ

‘coion surface excess 1s due to DPGH \» _
R r_ [DPGH] e (_”).f s
L DPGH r- [DPGHJ ¥ [Na] e
_tgﬂrﬁ

r .
g where [DPGH} and [Na] are concehtrat1ons of these spec1es in the

' bu]k solut1on at equ111br1um and 0(15 the fract1on that DPGH

:5, represents of a]l cat1ons 1n the bu]k so]ut1on The symbol R

be deflned



dTh1s is then used to ca]cu]ate a f1rst approx1matlon value of‘y

:-from equat1on 51 F1rst approx1mat1ons of f-DL/r" and R are -

<
oL .-
r—DPGH g

- and the following additional relationship noted:

f\.' .

. i
’ "f"',T T R l‘\

r-DPGH 1-dt fﬁfi r—DPGH (68)

substipuping*;his;equAtion,1h£q.52»,yfé1ds:’

<x + R
(% + R(] -d)

>

. "o : ' : > .
' In order to ca]cu]ate 6 from equat1on 69'1t is neeessary to,v.\ '

:'calcu1ated from equat1oﬁ351 wh1ch requ1re$'a know]édge of 6

. Thus, equat1on 5] 64,.66 and 69 must be so]ved by 1terat1on

o eca]cu]ated in turn from equat1ons 64 and 66. Th1s value of R is
'~'used 1n equat1on o9 to falculate a, second approx1mat1on to 6

. dThe pYocess 1s repeated unt11 4’ Hp and c' no 1onger change

166

. From ‘equations 42, 6T, 622'65;f66,nandf67f§'it may be shéwn that: .

e
'*knOW‘the va]ue of “JOHP to be used 1n equat1on 64 But q/ 15 .f"~£ B

- fA f1rst apﬁroxImat1on to 6 s, ca]cu1ated from equat1on 71 (be1ow).v'”



At 10w values of ﬂJOHP (1 e. between 0. and 0 OO] vo]t), w1th

fno 1nert e]ectro]yte present R = 1 Equat1on 69 then becomes :

%o = 28 [ ppgy-2 _

: 'and ha]f of the surface charge is neutra11zed by a pos1t1ve excess

77f= DPGH When the potent1a1 1s large (1 e. severa1 tenths Of a vo]t)

or when the concentrat1on of lnert e]ectro]yte 1n the bu]k :

~ . .- -

-,Jtsolutlon 1s much ]arger than that of DPGH then

167

RO

',}f-of C] wh1]e the other ha]f 1s neutra]1zed by a pos1t1ve excess of .

wf'In the present case the dlfference in the value of 6 ca]cu]ated :

-‘iby equat1ons 69 and 71 is s1gnff1cant on]y when aDPGH 15 1arge
F"; and the concentratton of NaC] s sma]] In the worst case the

'%d1fference 'was HZ percent

-

Va11d1ty of the SGC theory for the adsorpt1on of DPGH on .
L

XAD 2 was tested us1ng equat1on 53 1n the fo11ow1ng way s
. Aqueous so]ut1on act1v1ty coeff1c1ents for DPGH (]44 145) wére :

| ";hfused to convert the absrssa va]ues of [DPGH] 1n FTgure 25 1nto ;

5

lact1v1t1es, aDPGH For th1s purpose an 1on1c parameter of .6 x]O 8 - fj 94‘

was assumed Act1v1ty coeff1c1ents for DPGH at 1on1c strengths
p'greater than O 1 were assumed to be equa] to those of p to]uene-
thsulfonlc ac1d wh1ch cou]d be 1ooked up 1n tab]es (145) Po1nts were

: “fthen 1ocated on each of the f1ve 1sotherms ln Fxgure 25 at the




( e L S S 1es

same'aDPGH.(i e'~at"the‘Same‘Vfi and the flve correspond1ng

|

_ord1nate vaTues were: converted to ob, as d1scussed above Th1s
Process was . performed at e19ht d1fferent v&Tues of aDPGH ResuTts;'
-are g1ven in the Tab]es 28 35 Co]umn T of these tabTes gives .
| 1the sod1um chTor1de pTus the smaTT amount of HCT toncentrat1on, _‘“
.coTumn 2 g1ves the totaT eTectroTyte concentrat1on whlch 1nc1udesf
the chTor1de from DPGH CT as weTT as that from co]umn 1; coTumn ' _t
i_;v3 g1ves the act1v1ty of. DPGH ; coTumn 7 g1ves the correct1on f h
‘factor wh1ch equa]s (d+ R))(ol+ R o(R), and’”@o]umn 8 gwes o
_;_the rec1proca1 of the product of the square root of the totaT B
: /:-ichTor1de concentrat1on and the bracketed term Ln equat1on 53 R
'-J'.ff(x represents ZFQJOHP/ZRT) The quant1t1es in the Tast twd‘ :
‘-coTumns -are pTottéd in F1gure 2} The Tlnes are T1near Teast L v
gguﬁqnares f1t§ ¢f the exper1menta1 po1nts ’v'_ ‘ .ﬁ‘ ; ”:,fj *_"\ ;

i The T1near1ty of the curves In F1gure 27 1s cons1stent w1th

X

: the prgglct1ons of the SGC theory embodled in eQuat1on 53. VaTues
g ,g/

' \—}"Eﬁa -‘ v
B

are caTcuTated from the sTopes of each T1ne, that 15,:4(6.153 R

( 2 28x 10 4-sTope )*] The capacatance of the compact

e shown 1n the second and fourth co]umns
“?iQ‘ln TabTe 3&l aJong wtik the1r 95 percent co f1dence 1ntervaTs

;jThe uncerta:nt1es Wnathdw

_Jues of C] are thh because they 1nc]ude :

BEE

Tatthe uncerta}nt1es in bo ,wsiopes and- 1ntercepts The orand mean-.f,

Q.

;and 95 percent conf1dence 1nterva1 of C1 computed from the e1ght '
') vaTues in the fourth coTumn of Tabie 36 are (T 90+0 28) ><Jp

,farad/cm W1th1n the uncerta1nty of the measurements,‘cf 15 a



FTguré‘27.‘, ' Adsorpt1on data for d1phenylguan1d1n1um o

| . .'1on eccord1ng to the SGC equat1on 53 at e1ght
;':jg ,1. ';u surface potent1als The numbers at the end of
o ; the ]1nes are the act1v1t1es of DPGH at whlch

_thewca]cu]at1ons were made

el
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[P %

constant as assumed in equat1on 53 Constancy of C] in. the absence

e

: of specif1c adsorpt1on of counter1ons has been observed for other

'surfaces 1ncTud1ng mercury (?26 and rutkﬁe (146) The thnckness o

E :’of the compact dQub1e layer capac1tor '8‘, may be ca]cu]ated from

hthe averageavalue of C], assumlng the dlelectr1c constagt to be f.-‘

.’that of pure water, by the equat1on. f\ o

",.wh1ch y1e]ds a va]ue of. 3. 7x ]D cm or 3 7A Th1s is approx1- '
mate]y equa1 to the rad1us of .a. hydrated ch1or1de counter1on (144)
’ _ Va]ues of the surface potent1a] obta1ned from. the rec1proégl
is10pes in F1gure 27 are p1otted aga1nst the 1og of the act1v1ty of
tpotent1a1 determ1n1ng 1on in. F1gure 28 A]though 1t is not

d
necessary that equat1on 35 app]y to the system in order for

'f‘wequat1on 53 to be va11d 1t is 1nterest1ng to note that the s]ope

. of the 11near port1on of the p1ot in F1gure 28 1s c]ose to 0 0591

vo1t (shown as so]1d 11ne) as pred1cted by equat1on 35. De-v

; ~div1at1ons from 11near1ty at 1ow act1v1t1es of DPGH are\probab1y Jvf

- - :due to tne 1nf1uence of another potent1a1 determ1n1ng 1on

Prev1ous stud1es have shown that XAD 2 does adsorb H and OH 1ons","“k'

.rjto a s]1ght ‘extent (7) If, in the d1]ute HC1. so]ut1ons 1n wh1ch

(":'a11 1sotherm measurements were made, the res1n surface carr1es

?uua sma]] res1dua1 surface charge because of the adsorpt1on of H

if"_gthen 1t w111 produce curvature in the p]ot in, F1gure 28 at Tow

W

;)J ; .fx

e



Figure 28.

L I

Dependenc1es of surface potent1a1 (\V ) on 1og
of’ act1v1ty of potent1al determ1n1ng 1on (DPGH ).

: -The line has a s]ope of 59.1 mv.
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Y

vvglues of aDPGH’ anaTogous to the effect of an 1nterfer1ng 1on
on an 1on~seTect1ve eTectrode L | ) PR . |
f‘4.2L2“BenzyTammoniuanon (BTH+) . ‘xhih ﬁ-f?i s
Adsorpt1on 1sotherms were aTso measured for benzyTammon1um
non (BZH ) in the presence of a Targe excess “of HBr They were '

. caTcuTated from chromatograph1c re’ ent10n voTumes In F1gure 29

4wad3usted retent1on voTumes of BZH ar pTotted aga1nst [Br]

the mob11e phase for s1x d1fferent amo nts of BZH 1nJected onto

- the coTumn The concentrat1ons of BZH 1nJected vary from 5, O4x 107 -3

1

“to 1y08x10 M. At each f1xed concentrat1on of HBr (1 e. [Br]),

}the concentrat1on of BZH 1n the aqueous phase and the Sunface excess*" '

. of BzH" can be ca]cuTated The concentrat1on of BZH 1n the aqueou5‘."

rphase is. taken as the mo]es of BZH ‘1n that. phase d1v1ded by the,_f

:fcolumn vo1d vo]ume, VM’ 1n 11ters and 1s g1ven by the express1on:.-

b e

_4',.'

BZH

where T ZH+'1s t‘e tota] moTes of BZH 1nJected onto the coTumn

'Zand VR is the retentwon vo]ume of BZH 1n T1ters The surface

l'excess of BZH in moTes per cm2 ]svngen byi 'h S e;‘j{ﬁ.j'"
L ﬁszn _ _Teon? 9N S T o
B N 33ox10 Wevp L N

183

R



- f

vhtre w is- the uéﬁght of res1n in the co]umn in kq, the numer1ca1“ fQ},S‘“:pf

-.1 \unstant'1s the spec1f1c surface area in cm /kg, and VN 1s ‘the
l.. \ Al

\ deusted retent1on'V01ume in 11ters g1ven by
4 .

-\ .
C

v = VR | sy

e , e e . R ) - . o . (o

Chromatograph1c peak shapes for BZH a]] showed some ta1l1ng

‘ When the amount of BZH 1néected was sma11 and the HBr cohcentratwon'_r~'

et

v,h1gh the ta111ng was on1y s11ght and the oeaks near1y svmmetr1ca1 L . o

v The most Severe ta111ng occurred when the amount of BYH 1n3ected
Ny was 1arge and the HBr concentrat1on was sma11 In a]] cases; the

':‘retent1on vo]ume was ta«en, not’ at the peak max1mum but at 1ts f
f “centre of grav1ty (1 e the vo]ume of e1uate wh1ch d1v1des the

\

;area of the peak in: half) The d1str1but1on 1sotherms, p1otted

' BZH versus [BZH’ ] (not shown) were moﬂe or Wess s]1ght1y curved
'S1nce the samp]e 1oad1ng of the resin in the chromatograph1c h
"exper1ments 1nvo1V1ng BZH was far be]ow that encountered 1n the ﬁi:igtu

Tbatch equ111brat1on stud1es 1nvo1v1ng DPGH ,.such near1y 11near

7t»&1sotherms m1ght be exoected for the former (‘see d1scuss1on in

f‘Sectwon 4 5, be1ow)

s
. - - .

S1nce ‘the va1ues of [BZH ] and Y%BZH cover a very w1de rangeh:ﬁid..l

"ff 1t is more convenwent to have r’BZH and [BZH ] in a 1oq 1og sca1erb"
arather than in a 11near p1ot These d1str1butwon 1sotherms ‘are

viﬂshown 1n F1gure ?0 The 1sotherm data far BZH are treated in thef.

iisame manner as that do cr1bed above for DPGH 1n order to obtaln .'a*{?

ﬁ»the p1ot shown in F1gure 31 The 11nes are f]tted by 11near 1east¢'5”-' '



. Figmegd29.

185

r 7
'“Adjdéted Fetention volume for Six'dﬁfferenf

concentrat1ons of benzy]ammon1um 1on at var70u5

~ tota) brom1de concentrat1ons ona’0. 28 x 30-cm. column. -

Curve no. ‘]= . :2°‘ 3 4. 5 '6 ;

' Moles: of BzH'  5.04° 1.08 5.04 '1.08 £.04 '1'08
*-f 1nJected 107 x1078 %107 x1077 x107 107

" ' . \—:
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" Figure 30.

187

.‘\ )

\ . - [

' Dependence of\the exper1menta] surface charge

on the concenéhat1on of. benzy]ammonfum ion in

the aqueous phase at f1ve d1?ferent tota] Prom1de

'“‘concentrat1ons

’ ; ’ h
J

Symbol. - Tota] bromlde concentrat1on '

. 0. ' | ) 0 029
Ce o ooe2

A 0 0.098 o
& o oe

PO I SR WS
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| squares’ In this case'theSVa1ues of"p are 5o 1ow that the S

bracketed quant1ty in equat1on 53 is a]ways equa1 to ] A]so,_"

' *the 1arge excess of HBr means that equat1on 71 can be used 1n p1ace

.of equat1on 69 w1th neg11g1b1e error Tab1e 37 summar1zes surface f ,'*"
,potent1als and capac1tances a]ong w1th the1r 95 percent conf1dence A

‘¢1nterva1s A§ pred1cted by equat1on 53 C] is essent1a11\Vconstant

- The linear, re]at1onsh1p between qj and 1og (aBZH ) Pr€d1Cted by
equat1on 35 1s not observed wh1ch is- not surpr1s1ng s1nce the ;_ J;>\I
‘act1v1t1es of BZH -are very Tow and the- effect of an 1nterfer1ng |

fpotent1a1 determ1n1ng ion wou1d be pronounced It shou]d be noted %'

. ’that the surface charge, o 1n equat1on 53 shou]d 1nc1ude the i

| contr1but1on of a11 adsorbed potent1a] determ1n1ng 1ons S1nce

= on]y the adsorbed BZH 1ons are used in the above calcu]at1ons

‘.the surface potent1a1 ca]cutated from equat1on 53 w1]1 be in error _}

1f another type of potent1a] determ1n1ng 1on is also adsorbed

" For th1s reason the abso]ute va]ues of qj in Tab1e 37 w1]1 be’

v1n error (the same wou]d be true of potent1als ca1cu1ated 1n the
non- Nernst1an reg1on of F1gure 27 - fonsDPGH adsorpt1on) The B
fact that values of C] observed for BZH ‘are somewhat: ]ower than
' ffor DPGH may ref]ect a d1fference in the 1nf1uence of e1ther wt
3h BZH' or Br on the double ]ayer compared to Na 5 DPGH , or. C1

"(see Sectlon 4. 4 be]ow)



190

. Figure~3]i" Adsorpt1on data: for benzy]ammon1um |
hh 1on accord1ng to the SGC equat1on 53 at four :

. Q.u surface potent1als The numbers at’ the end. of
. the ]1ne3\are the act1v1t1es of BZH at Wh]Ch 

the ca]cu]at1ons were made
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.'4,’3 Micrbe]ectr@h(ﬁrew'é o

If. the behav10r of XAD 2 resin N be descr1bed by -SGC

theory, then the res1n part1c1e w11 be charged in the presence L‘

~of a potent1a1 determ1n1ng jon. Th1s charged part1c1e will

o migrate in an externa]]y applied e]ectr1ca1 potent1a1 grad1ent

The: d1rect1on of the movement is towards the e1ectrode that is’ -A
»oppos1te to the charge carr1ed by the res1n Part1c1es of |
XAD 2. res1n w111 not m1grate 1f there aré no potent1a1
determ1n1ng 1ons present 3n the so]ut1on Th1s was ver1f1ed
'.f by observ1ng XAD 2 res1n 1n a m1croe1ectrophores1s apparatus |
: hat seVeral d1fferent ch10r1de concentrat1ons 1n the absen?e |
'of DPGH : ‘h'ﬂ.~i ' d"’,vTQ—,. h
' In order to test equat1on 58 m1croele‘trophores1s

-'exper1ments were performed at three d1fferent aDPGH+ at var1ous
; .e]ectro]yte concentrat1ons Va]ues of 6', ca]cuﬂated from |
~"the resu]ts of the 1sotherm stud1es, are p]otted in Flgure 32 -
'-, aga1nst ?;, obta1ned from m1croe1ectrophore51s measurements |
.Values of \U and C] ca]culated from 1ntercepts fnd s]opes of
'of the ]1near 1east Square ]1nes are g1ven in the thlrd and
.;'yf1fth co]umn of Tab1e 36 a]ong w1th the1r 95 percent conf1dence

)
11nterva]s Equat1on 58 pred1cts para]]e] stra1ght 11nes for"

-

.‘a'measurements made at d1fferent 4’ .e,‘at d1fferent aDPGH )

; A]though stra1ght Tines are obta1ned they are not para]]e]
| Uncerta1nt1es 1n Y .va]ues are ]arger than those: for C]'jn th1s* ;
o case because C] 1nc1udes on]y that of the slope whi]e V)b:'“

v

N g



. Figure 32.

oy

C Dependence of zeta potent1a] of XAD 2 part1c]es
' al'on surface charge due to adsorbed d1pheny]guan1d1n1um fk

,1on p]otted accord1ng tQ equat1on 58. The numbers

by the 11nes are” the act1v1t1es of DPGH at

’ wh1ch the measurements were made R o -
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"3?L(1) The assumpt1on that the “p1ane of shear“ co1nc1des w1th the E ﬂ

| j ‘smooth but h1gh1y porous {25), SO that some of the water beyond

e wneertalnt1es of both s]ope and 1ntercept, w1th the-
fd‘ttﬂﬁ ‘pf (.1 1n«d hy a long extrapo1at1on It was 1mpract;ca1 to
natt ﬁ“tf‘“ifu*lofvv'9)15 rneasdrements at ]ower Q’ because of the |
'ley e]cctromwjrat.on rates of the part1c1es In genera1 the surface
.potent1a1s ca1cu1ated from the m1croe1ectrophores1s measurements |
are 1ower than . those from the 1sotherm measurements, and this 2
':Z‘d1screpancy becomes more pronouhced at hlgher surface potent1a]s “
_'Also the va]ue of - C} ca]cu]ated from e]ectrophores1s measurements
' 1ncreases w1th 1ncreas1ng surface potent1a1 These dev1at1ons.g
B from the precht1ons of equat1on 58 may be exp1a1ned in terms of -

o the 1naccurac1es of the assumpt1ons 1mp11c1t 1n that equat1on

t: OHP. 1s 1naccurate (124 127). It is more 11ke1y that the “p]ane of
shean“ 11es somewhat farther away from the surface (F1gure 24)
because water mo]ecu]es 1n the pr1mary.hydrat1on spheres of 4

' counter1ons 1y1ng in the OHP w111 probab]y]be part of the m1grat1ng
un1t, and . the 1ocus of the charge centers of these 1ons def1nes

the OHP. In add1t1on, the surface of the XAD 2 part]c]e is not » f;' : ‘*'-"j

o the OHP adJacent to surfaces 1n the ”crevasses“ may move w1th the

l“part1c1e and thereby effect1ve1y extend the ”p]ane of‘%hear” we]]
_,beyond the OHP-. . If the ”p]ane of shear“ 11es beyond the OHP then
vh;potent1a1s w111 be sma]]er than the correspond1ng qJOHP ca]cu]ated
’from the 1sotherm stud1es Consequent]y, 9’6 ca]cu]ated from
h':equat1on 58 will oo;low-_(11) The' He]mho]tz SmoWuchow¢P1 o ;;’d' o o .X

equatxon heglectt ;‘ral phenomena thdt may be opera§1ye-1n the {L:j_it'faﬁftj



doub]e ]ayer reg1on and therefore for ‘some. systems,‘the re1at1onsh1p
:'between Z; and e]ectrophoretlc mob]]]ty g1ven by equat1on 55 w111
be 1n error (]23 125 127) Because of these uncerta1nt1es 1n _

: 1nterpret1ng e]ectrophoret1c data Bier (147) advises cautfonu1n o
-71dent1fy1ng potent1a1s obta]ned from e]ectrophores1s w1th those
f”lder1ved from adsorpt1on measurements Errors 1n § are greater at
~h1gher g and h1gher 0' Th1s observat1on is cons1stent w1th the
resu]ts of. the present study in wh1ch the d1screpanc1es between -
| va]ues obta1ned from 1sotherm and - e]ectrophores1s»measurements

_are qreater for the curves 1y1ng at h1gher 0‘ and G . |
Ihe electrophoret1c behav10r of XAD 2 in the presence of
..DPGH prov1des unequ1voca1 ev1dence that the res1n acqu1res a charge n.
‘-when it adsorbs DPGH 1ons and therefore ru]es out an ion pair -
..retent1on mechan1sm Th1s at least sem1quant1tat1ve corroborat1on
" 0f|the resu]ts obta1ned in- the 1sotherm stud1es by the tota]ly

d1fferent expertmenta] techn1que of m1croe]ectrophores1s prov1des

strong support for the SGC view of adsorpt1on of 1ons on XAD 2
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g are adsorped more strong]y in the\presence of some counter1ons than

..\ 474.Effect of-the,Different.CounterTons,on éhhdmatographic Behavdor_

Ion1c sampTe spec1es, 1dent1f1ed as potent1a1 determ1n1ng 1ons, -

AR

"others-.Thus the1r chromatograph1c retent1on t1mes can be controTTed

'}by chang1ng the type as weTT ‘as’ the concentrat1on of eTectroTyte 1n

4

obthe mob11e phase Examp]es of th]s are shown in F1gure 33 where

' adJusted retent1on voTumes for benzyTammon1um 1on are pTotted agalnst

B I } .
anion concentrat1ons in the- mob11e phase for the anTons propane-. Y

suTﬁonate, chTor1de, brom1de, perchTorate and d camphorsu]fonate

At a g1ven an1on concentrat1on the- adJusted retent1on voTume, and

' : therefore the fract1on of BZH adsorbed on the res1n,,1ncreases w1th

- anion- type 1n the ordev g1ven The mechan1st1c 1nterpretat1on of .

th]Sfdependence of degree of- adsorpt1on of potentua] determ1n1ng 1on

- on counter1on type has not-: been experlmentaTTy 1nvesttgated in the *.

| ‘j’present study However, ‘there.are severa] aTternat1ve expTanat1ons

& -

L of the phenomenon wh1ch are cons1stent w1th the SGC theory and these SR

_ w1TT be br1ef1y out11ned beTow The d1scuss1on wilT be restr1cted f“

to the counter1ons CT Br and CTO4 for wh1ch data such as crystaT M'f

'.fsquonate w1TT be d1scussed Tater

e1ther a decrease 1n the d1stance between the charge surface and fx i T

‘1*rad11 are read1]y ava11abTe The poss1b1e mode of action of d camphor» (

\

- T RN :
I the capac1tances of the compact and d1ffuse parts of . the

:‘*doubTe Tayer dre h1gher in the- preBence of counter1ons 1n the: order

\

':.CT<::Br‘<:CTO4, then %, woqu be Targer for a g1ven vaTue of 41 Lo

-(equat1on 48) The 1nfTuence of an1on type on C] can ar1se from

o

RS



Figure 33.

1

‘Effect Wf counter1on type in the mob11e phase on- .

the adJusted retent1on vo]ume of benzy]ammon1um

.1on on a 0 28 X 30 -cm co]umn of XAD 2 Moles of v

BZH 1nJected was 1. 08 X 10 (A 0 28 X 5 cm

column was used for of'd camphorsu]fonate )

199
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: nP10 ) the ones w1th greater po]ar12ab111ty wou]d have the1r charge

”VTTTayer and a’ resu]tant 1ow va]ue for the d1e1ectr1c constant

’~fcapac1tance wou]d 1ncrease in the order C]<:Ih~<;c104

201, -
o FOHPoorfan’inCrease Tn'E ‘ S1nce the hydrated rad1us of C]O4 is
. actua]]y sl1ght]y larger than that of Br~ and c1” (]44), a decrease

Jin capac1tor th1ckness might seem an. un11ke1y exp]anat1on On the other 1

~.

< 1hand an1ons w1th ]arger crysta] rad11 have greater po1ar1zab111t1es

than sma1]er ones and’ the sh]ft of the charge centre of an g

‘ fan1on s1tuated in the OHP toward the(charge surface as a resu1t o

" of po]ar1zat1on would be greater for- more po]ar1zab]e an1ons

N

centres, and therefore the1r "OHP, closer to the charge surface on

-hthe res1n, and wou]d consequent]y have a 1arger C] S1m1]ar po]ar1z-~ N
'fab1]1ty arguments have been suggested to exp1a1n se]ect1v1ty R
"sequences in synthetlc 1on exchange resins (148) o

o In aH ca1cu]at1ons performeci aboveé Wa's Iassumed to have the

| w_va]ue Of pure water,.1 e 8:77x10° -1 .“This may be an 6ver51mp]1f- o

7 .
1cat1on, s1nce the d1e1ectr1c constant of- water very c]ose to an

‘1on can be s1gn1f1cant1y 1ower than that of bulk water ~and- 1t is.

.‘-th1s "loca]" d1e]ectr1c constant in the doub]e ]ayer wh1ch shou]d

< >,

~be used in SGC ca]cu]at1ons The or1entat10n of water d1po1es about

b,an 1on can lead to “d1e]ectr1c saturat1on” 1n the pr1mary hydrat1on

= .
l".

e 5A1though th1s effect s genera1]y cons1dered to be s]1ght around
n:k.an1ons as’ compared to- cat1ons (]22 145), 1t may not - be complete]y
: :neg]1g1b1e and, 1f present wou]d be more pronounced for anlons w1th

Jia sma]]er crysta] rad1us Thus the loca] d1e]ectr1c constant and the

St a #5T @
.. . '{ v

- ;,I e

Mitgeazans

'iThus, for counter1ons w1th s1m11ar hydrated rad11 (true for C1 “-,,‘

e

2 .
TR T
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Anoyhe;—possdéde’expTanat1on of the spec1f1c anion effect is:
'related to the fact that adsorpt1on of a potent]aT determ1n1ng 1op
.onto the resin surface must be accompan1ed by an 1ncreased '

v,concentrat1on of counter1on in the doub]e Tayer Therefore -
fcounter1ons whose transfer from the. bulk soTut1on 1nto the doubTe
.]ayer is achmpan1ed by the- greater negat1ve (or sma]Ter pos1t1ve) |

u;free~energy change W1TT promote greater adsorpt1on of the potent1a1—- |

.5determ1n1ng 1on If one assumes that because of crowd1ng of .

: ) 10ns in the double Tayer, they w1TT be Tess hydrated than 1n the
. bulk soTut1on, then one m1ght expect that countertons w1th Tower

=.thydrat10n energ1es wou]d be more read1Ty transfered from the buTk

v‘;to the double Tayer soTut1on A reTated phenomenon, wh1ch has

'ffbeen observed, 1s the tendency of 1ons with smaTTer hydrat1on ‘vv. |
,fienerg1es to: seek pos1t1ons at the 1nterface between a1r and water "
"(122 149 150) The observed sequence 1s C1<;lBr<::CTO4, wh1ch E

.,':;TIL the same : order as the 1on1c hydrat1on energ1es (145)

| Adsorpt1on of organ1c 1ons onto XAD 2 from water is accompanled"f"
L by‘a pos1t1ve entropy cbange (28) Th1s sugoests a fourth 'p o
;ejiexplanat1on for the spec1f1c an1on effect Nater adJacent to

'iii:ia hydrophoblc surface woqu be more structured or Tess random

' ;;ithan water 1n)the bulk seTut1on, JUSt as water around d1ssoTved
;:non polar moTecuTesaﬂs more ordered (151) Nhen the adsorbed 1ons .

"”and accompanyfng couhterlons are transferred from the bu]k
»'solut1on 1nto the doubTe Tayer reg1on this. water structure 1s'
d1srupted The greater the “chaotr6p1c“ (15]) or "water structure

JUREPS

':n.’break1ng" (]45) character of the 1ons, the more pronounced w1TT

ST
am s e N2

N .
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be the. d1sorder1ng effect and the greater w111 be the pos1t1ve

: entropy change It 1s well documented that “structure breaklng

vcharacter 1ncreases in the order C1<::Br <:C1O |
A f1fth poss1b]e 1nterpretat1on of: the spec1f1c an1on effect

'15 also suggested by the SGC theory. If spec1f1c adsorpt1on of ‘

._,counter1ons occu:; SQ that an "Inner.he1mho1tz P]ane is formed,

| the counterwons in the IHP neutra11ze an. equ1va1ent number

‘of potent1a1 determ1n1ng 1ons on the surface Thls resu1ts ina -

large surface concentrat1on of potent1a] determ1n1ng jons for

.a given q’ and a. ,Yor in other words, enhanced adsorpt1on of

"'rPOtent1a1—determ1n1ng ions. A]though the present study SUggeStS b;

‘the absence of spec1f1c adsorpt1on of ch10r1de 10n, it is poss1b1e

203

N

"'that the 1ess hydrated and more po]arlzab]e brom1de and perch]orate o

3"1ons are adsorbed to some extent Forma11y, spec1f1c adsorpt1on
4i:of counter1ons 1s ana]ogous to "jon pa1r" formation. between the

_ /
'ypotent1a1 determ1n1ng jon and the counterwon, and 1t’1s genera]]y‘

g'observed that the extract1on of 1on pawrs 1nvo1v1ng organ1c cat1ons 5

'””1nto an organ1c so]vent is greater for counter1ons in the order

;c1<Br <c1o4 (152) A

| Although the present study does not prov1de suff1c1ent
'\fevidence to d1st1ngu1sh wh1ch of the above ﬁechanfsms are
frespons1b1e for’ the spec1f1c an1on effects of these sma]] 1norgan1c
'1ons,_1t 1s posSible to pred1ct from the SGC theory how the

3 adsorpt1on behav1or w111 change w1th more drast1c changes in the
1nature of catwon and an1on In the present case where 1arge

e organ1c cat1ons and re]at1ve1y sma11 1norgan1c an1ons are used

s I i e e L 2 - -
) ! . » N . i
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it is seen- that the former are adsorbed as potent1a1 determ1n1ng
.,;1ons whlle the 1atter occupy on]y the é§ffuse part of the doub]e
~ layer. If the sma]] 1norgan1c anlon were rep1aced w1th a somewhat
rlarger organ1c one, then spec1f1c adsorpt1on of the anlons into
the IHP-wou]d occur. Us1ng both a large cat1on and an1on wou1d |
| produce the third s1tuat1on, in wh1ch both ions are adsorbed onto |
‘4the resin as potent1a1 determ1n1ng 1ons The ro]e of camphorsquonate '
_m1ght be 1nterpreted in terms of e1ther of- these 1atter two - |
' phenomena Then, revers1ng the trend, if a 1arge organ1c an10n
'were used w1th a sma]]er organ1c or 1norgan1c cat1on on]y the
“anion wou]d bJ adsorbed as potent1a] determ1n1ng ion’ and the catlon
'wou1d serve as counter1on As an examp]e of th1s latter case,

f exper1ments in th]S laboratory have shown that the adsorpt1on of ,»A

,organ1c anions: onto XAD 2 1s greater the h1gher the concentrat}on

".-‘ of sodium chlor1de in the aqueous phase A1so the adsorpt1on is

- qreater from so]ut1ons conta1n1ng KCT, than from those conta1n1ng

“”an equal concentrat1on of’ NaC]



. re]ated to the surface potent1a1 q) of the XAD 2 res1n adsorbentw L_jigj_“j;f

’J51tuat10n on the chromatograph1c retent1on'voTume of a sampTe 5

3 v

"1nto account the eTectrostat1c contr1but10n to the adsorpt1on free'

}force The chrjmatograph1c behav1or of a neutr

208

. ‘ Ce
‘4 5 Chromatograph1c Behav1or and the Effect of,TBAfspn the Retention . . ...

.; of Ion1c Spec1es

R LI SURR N

Accord1ng to the SGC theory retentlon of an 1on1c spec1es 1s

”:Th1s surface potent1a] is soTeTy determ1ned by the act1v1ty of ‘: ;;T;i"f"'
lfifthe potent1a1 determ1nﬂng 1ons 1n the buTk soTutjon If more
- than one k1nd of " potentla] determ1n1ng 1on 1s present 1n the 1

vbuTk soTut1on then the surface potent1aT w1TT be depend on all

,'4.:4-«1‘.. Opao‘qv > e

the potent1a] determ1n1ng 1ons present The effect of such a

\'1on can be understood 1n terms of the fo]]ow1ng cons1derat1ons

The free energy for the adsorpt1on of a sampTe spec1es onto the

res1n can be represented as (153 ]54) 5

N,

A 6= AGeTec N A’G'spe.cv.,; 4' | (76)

v The f1rst term on the r]ght hand s1de of the above equat1on takes

- energy Th1s term is equa] to zero for a neutra] spec1es The -'“'

'v‘second term 1ncTudes all’ the chem1caT forces such as.van der WaaT s

: spec1es depends

’ ,fso]e]y on th1s term. At low sampTe concentrat ons a symmetr1caT peak

s often obta1ned For 1on1c,samp1es the retent1on mechanlsm j;“
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'gThe reduced s}ooe resu]ts from thejfaitllfw Vo

206
'-A.Gelec. +AGs,p‘ec.) I o .

-
n

- exp- (-

""vexbj(? Zquo/RT exp ( AGspec /RT) (77) e

'”Ei S1nce IV yar1e w1th the concentrat1on of otent1a1 determ1n1ng
: P

1on 1n bu]k so]ut1on, it, 1s ev1dent that the equ1]1br1um constant

| for adsorpt1on wou1d not be constant for an. 1on1c samp]e adsorbed I
R on’ the res1n and 1ts adsorpt1on 1sotherm wou1d not be 11near

“:H However, 1f q} bacomes near]y 1ndependent of the concentrat1on f d”;>ﬂ:';:di“;[

'nz"fbecomes constant and at ]ow surface coverage of. the sample 5930135

ltbzifa ]1near wsotherm 1s obtained A trend tOWard reduced ggpendence

~t
*~-4~., o

of u’ on aDPGH+ is ev1dent at ]ow aDPGH+ in: F1gure Z8. and»]s even

's'more pronounced 1n the case of BZH . The effect can be great]y

’amp11f1ed by add1ng to the mob11e phase a relat1ve1y h1gh concentratlon :
fof a large cat1on such as tetra n buty]ammonlum 1on Such an 1on u»: ;f;'

wou1d be sorbed on. the surface as a potert1a] determ1n1ng ion and

'h.;because of 1ts re]at1ve1y h1gh concentrat1on wou]d be maun]y :
blrespons1b1e for estab]1sh1ng q} o mak1ng 41 essent1a1]y 1ndependent A

A s‘of aDPGH+ The 1nf]uence of th1s quaternary ammon1um cat1on on

N

the adsorpt1on 1sotherm of DPGH can be seen 1n F1gure 12, Part I

- of th1s work where the added quaternary cat1on reduces the slope o

: e-fof the lsotherm and causes 1t to be 11near to h1gher [DPGH ]

:”:though constant

.,}fébecause-of the re]at1veﬂy h1gh»and~constant act1v1ty of quaternary,_‘
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‘l_has a Targer vaTue than 1t woqu in: the absence of quaternary, and -
”itherefore produces a Tower vaTue of K A st1TT h1gher concentratTOn\'hQVT'*
1°f quaternary wou]d reduce X even more. . . A
On the other hand it was aTso seen 1n Part I that the added

'\quaternary has negT1g1bTe effect on the base The vaTue of a .

nonlonlc spec1es woqu :be - 1ndependent of surface potent1a] as

S ;dTSCUSSEd above (see aTso Sectwon 4 6 beTow)

The 1nf]uence of added TBABr on the chromatograph1c retentlon

T”ﬂ“”of severaT organ1c cat1ons was stud1ed The behav1or of BZH ﬂs m:f‘f?fff”'”f.

'b,.;shown 1n ngure 34 The adJusted retent1on voTume 1s pTotted

o ;iaga1nst totaT brom1de concentratzon Curve A s the resu]t tha1ned *Liftf

= ;1n the absence of TBABr in the mob1Te phase wh1Te curves B and C -

.T“ffcorrespond to concentrat1ons of 1. OT X TO ’.and:, T OT %:107° 2 M TBABr

"‘ff,respect1ve1y At a glven totaT brom1de concentrat1on the adJusted

retent1on 1s greatiy reduced 1n the pnesence of TBABr F1gures
":35 and 36 are 51m11ar pTots for code1n1um jon- and DPGH In the

absence of TBABr the retent]on times' of both of these spec1es “

- f are too Targe to be measured practwca]]y._.tyl;tii{}':aq_h;:,a.,_qe.;ﬁ;;:Qg<~;

1 a“fconstant for any g1ven curve, SO that a Tinear reTat1onsh1p coqu

FARN

The data for DPGH shown in F1gure 36vhas been evaTUated 1n '
-:more deta11.as-foJTows "The dependence of]og of the adJusted retent1on
;a.voTume of” DPGH on the Tog of the concentratlon of quaternary ;T“ »
iammon1um ion in the mob11e phase- 1s g1ven 1n F1gure 37 for f1ve .
7ahd1fferent total concentrat1ons of brom1de ion. The brom1de o
'1concentrat1on was ma1nta1ned constant for the. three po1nts on each

3

curve by the add1t1on of hydrobrom1c ac1d The 1on1c strength 1s




e 34.

* — -~ -
P - Bl
- . .
ra

AdJusted retent1on vo1ume of’benzylammon1um 3

1on versus tota1 e]ectro1yte concentratwon 1n the* p

o

: mob1]e phase at three d1fferent concentrat1ons of

- 208

tetra -n- buty]ammon1w1 brom1de, on a 0 28 x 30 cm‘..g_l“j'

column oﬁ XABJ? The numbers by tne curves are

mo]ar1ty of the quaternary ammon1um 1on' %o]es of”

. BzH* 1nJected was 108 x 2077

E w1th HBr L 1 ;“’v , 3 “ v".'lj's v ' .5
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~ Figure 35.

210

 Adjusted retention vb]ume of‘codeﬁniUm ion

-

'versus tota] e]ectro]yte concentrat1on in the
Ji'lmob11e phase at three d1fferent concentratlons of,“[, s

i tetra =n- buty]ammon1um brodee, on a 0. 28 X 30 cm

o co]umn of XAD 2. The numbers by the curves are j .

mo]ar1ty of the quaternary ammon1um ion: Mo]eSaof

code1n1um 1n3ected was 2. 61 X 10 8;‘Tota1g[8rf]

_ adJusted w1th HBr
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... Figure 36. -

az

e

evAdJusted retent1on vo]ume of d1phenylguan1d1n1um .

ion. versus tota1 e]ectro]yte concentrat1on ef;-

in the mob11e phase at three dlfferent concentrat1ons
o of tetra n- buty1ammon1um brom1de on a O 28 X 30-

"cm co]umn of: XAD 2. The numbers by the curves are

mo%ar1ty ‘of the quaternary ammon1um 1on Ho]es of

-~ ppar’ 1n3ected was 4.3 x 0 -8 Total [Br~ I adJusted
hfw1th HBr.- I 'Vi' S ;Tf’#:'

R
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'Dependence of adgusted retent1on vo]ume of *

ld1pheny]guan1d1n1um ion versus concentrat1on

N i y Lo ‘,' KT e, . R

;,of tetra -n= buty]anmon1um 1on 1n the mobl]e phase-

t:

at var1ous tota] brom1de concentrat1ons on a

0 28 x 30-cm co]umn of XAD 2 The numbers at’ theL

end of the curves are the tota] bromlde concen—'

trat1ons. Mo]es of DPGH 1n3ected was 4. 3 X 10 8

\
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f;bejekpected‘ft the surfaceApotentiaThWere re]ated’to activity of
quaternary via a Nernst equation, s1nce log K in equat1on 77 wou]d
‘;:vary as the 1og of the act1v1ty of quaternary, and VN is d1rect]y
proport1ona1 to K. For a constant 1on1c strength bu]k so]ut1on
Tact1v1ty coeff1c1ents-are constant‘so thatfa 1Lnear re]atjon—“-'n o
sh1p is pred1cted between Tog VN andf1ogr[TBA+] ;‘Thts‘is observed
in. the p]ots 1n F1gure 37 - |
The SGC mode] of the e]ectr1ca1 doub]e ]ayer around a part1c1e r
1s analogous to the Debye Hucke] mode1 of the ionic atmosphere
around an._ion (123), and ‘the ro]e of e]ectro]yte concentrat1on,
5f,c’ in the two mode]s is also ana1ogous Thus,vthe rec1proca] |
_square root dependen}e of d‘ on ¢, wh1ch 1s seen in equat1on 53 may
be cons1dered to be ana]ogous to the square root dependence on : o 'h‘
¢ of the- act1v1ty coeff1c1ent of an 1on in so]utwon Th1s dependence -
f'preva1]s whether or not the adsorbed ion of 1nterest is the . o
‘pr1nc1pa1 potent1a] determ1n1ng 1on in solut1on In chromatography .
'.ione 1s interested in the dependence of adJusted retent1on volume |

~on c. Th1s dependence can be predlcted from the SGC mode] as fo]]ows
TN
' Rearrang1ng equat1ons 74 and 75 for the case of DPGH g1ves

R L e / o (78 |
VN,DPGH.* ! opaH 3-30 XTOTHVy Wy |
'Assum1ng the presence of a 1arge excess of 1nert e]ectrolyte and

also assum1ng that “’ “is 1ndependent of aDPGH’ erGH is re]ated

to 6' by equatwon 71 The bracketed quantlty 1n the denqmlnator o



P )“,Q_“h-ﬂ‘ .’;,”';’,;,1aupa,,jm,r,ltgj7v
of equat1on 53 has ‘a va]ue c105e to one’ at aT] Jbut fa1r1y h1gh o
q)OHP and may be taken as equa1 to one. Thus, equat1on 53 can

be rewr1tten as:

Combining equations 78 ‘and 79 gives . ?
: 4
1 R

‘N,DPGH

where ki throUghk5 are:constants Equat1on 8 pred1cts that =
-1/2 '

‘h 11near /

——

1
VN DPGH w111 vary 11near1y w1th c.

F1gure 387
p]ots for the chromatography of DPGH on XAD 2 using three sets '

of mob1]e phases each of wh1ch Qonta1ns-a deferent large and

constant excess of tetra -n-= buty]ammon1um bromide (The data for th1s

f1gure are ca1cu1ated from the p]ots in F1gure 35)
It may be noted that 1f the mob1]e phase conta1ns an. e]ectro]yte
w1th a. 1arge anion ‘and sma1] 1norgan1c cat1on then the organ1c~

“anion wou]d be adsorbed on XAD 2 as potent1a1 determ1n1ng ion -~

- and wou]d 1mpart an essent1a1]y constant negat1ve surface potent1a1

) . @

to it. W1th such a mob11e phase the adsorpt1on of a sample cat1on

such as DPGH wou]d be great1y enhanced by v1rtue of the negat1ve [

' value of ‘jt. Chromatography in, such a system wou]d be ana]ogous

a -'to "sh- ca] ed" ion pa1r chromatography that has ga1ned popu]ar1ty

. on»geversed phase bonded phases (]55),

=

B



.- 1..EiQUre.38. a’Dependence of adgusted retent]on mo]ume of

o ..'v...< L T AT . e, e

d1phenylguan1d1n1um 1on on the tota] e]ectro]yte
.concentrat1on 1n the mob1]e phase at. three :
j<ff'.évvl‘ g ,h.dlfferent concentratIOns of tetra -n- buty]ammon1umi ‘
| “ brom1de on a 0 28 X 30- -cm column of XAD 2. The
"fnumbers by ‘the ]Tnes are mo]ar1ty of the quaternaryh

”’;emmon1um 1on Mo]es of DPGH 1nJected was 4 3 X ]0 8
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4.6 Chromatographic: Befavior of .a leutral Species

LR

Qo far the d1scuss1oh has centeres ma]n]y on the- effect OfF e e

o so1vent Pthos1t10n on. the adsorpt1on of\1on1c samp]e spec1es

. }t is . a]so of 1nterest to exam1ne the retent1on behav1or of a

3*};neutra1 spec1es In Part I of thws work,,the d1str1but1on 1sotherm

'_,of d1pheny19uan1d1ne base was - reported 1t y1e]ded . ess ent1a]1y

':fthe same d]str1but1on coeff1c1ent regardless of whether TBABr

'~}1s another examp]e of a neutra] spec1es given here Th1s compound

n

. or sod1um ch10r1de was used as the swamp1ng e1ectro1yte Acetam1n#phen

N

3 was chosen ch1ef1y because 1ts adsorpt1on on XAD 2 1s not strong

- and 1t can- be e]uted 1n a reasonably short retent1on vo]ume

v»ilt is a fa1r1y strong UV absorber F1gure 32 shovs the d1str1but1on

1sotherms for ace’ am1nophen obta]ned in batch equ111brat1on

_exper1ments 1n the resence of var1ous e]ectro]yte concentrat1ons

'Desplte the fact tha NaC] concentrat1on has been 1ncreased from'

0. 01 to O 5 M it causes re]at1ve1y ]1tt1e change in the d1str1—-

but1on 1sotherm Th1s 1s much d1fferent from the resu]t obta1ned
'for DPGH shown 1n F1gure 25 Th1s 111ustrates that the xetent1on
',mechan1sm of acetam1nophen is- not the same- as for~hon1c pec1es‘uh1ch
J can be descr1bed by the SGC mode] The s11ght 1ncrease i

”Iadsorpt1on at h1gher NaC] concentrat1on is proLabTy due to the

‘salting out ef ffect (]30) That is, the so]ub111ty of acetam1nophen R
1 : o

'e“.decreases at h1gher NaC] concentrat1on wh1ch 1eads to a stronger

"h»adsorpt1on and a h]gher retent1on on the XAD- 2 res1n

F1gure 40 shows the chromatographlc behavwor of . acetam1nophen
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4.6 Chromatographic: Befavior of .a leutral Species
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“: 0. 01 to O 5 M it causes re]at1ve1y ]1tt1e change in the d1str1—-
but1on 1sotherm Th1s 1s much d1fferent from the resu]t obta1ned
'for DPGH shown 1n F1gure 25 Th1s 111ustrates that the xetent1on
',mechan1sm of acetam1nophen is - not the same- as for~hon1c pec1es‘uh1ch d, ,
J can be descr1bed by the SGC mode] The s11ght 1ncrease i
”Iadsorpt1on at h1gher NaC] concentrat1on is proLabTy due to the
'sa1t1ng out effect (]30) That 1s,‘the so]ub111ty of acetam1nophen :~3 S
‘“.decreases at h1gher NaC] concentrat1on wh1ch 1eads to a stronger R

"h»adsorpt1on and a h]gher retent1on on the XAD- 2 res1n

F1gure 4okshows;the chromatographmc behavlor of.acetamﬁnoohen
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as a funct1on of - e]ectro]yte type and concentratLQn The adjusted:

\ retentlon vo]ume is p1otted aga1nst the e]ectro]yteIconcentrat1on ;
Three dlfferent e]ectro]ytes, NaCt, NaBr and NaC104, were used in - |
th]s study When NaC]O was used the adJusted retent1on vo]ume 1s :

d. almost unchanged over a wide concentrat1on range up. to 0 5 Mv
Th1s agrees w1th a prev1ous report from th1s 1aboratory (18)

| Sod]um ch]or1de and sodium bromide cause a. slight 1ncrease in

ad}usted retent1on ‘volume of acetam1nophen wh1ch is probab]y

the sa1t1ng out effect



" Figure 40

: Effect of counter1on type in the mobT]e phase on"v'
“the adJusted retent1on vo]ume of acetam1nophen,
‘ on a 0. 28 x 30- -cm co]umn of XAD 2. Mo]es of acet— :

fam1nophen 1nyected was 6 72 x 1078

Symbo]ll o Cohnterion'used'

o . _.Bromide

- o -i"v Ch]bridéw_yui,A

o " Perchlorate
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51 CONCLUSITONS T

Thelsorpt1on of organ1c ions on Amber]1te XAD- 2 has been
h. exp1a1ned by a modified SGC' mode] Th1s mode] shows that the

- .
e1ectr1ca1 double ]ayer surround1ng a charged XAD 2 partlc]e is-

respon51b]e for ‘the dependence of retent— 'TEEEE_B? 1ons on -
such factors as e1ectro1yte concentrat10n, amount of samp]e and :

| hv the presence of 1arge adsorbab]e ions in the gob11e phase. Th1s

/;/;;4/””e1ectr1ca1 double layer mode] a]so applfes to the adsorpt1on

\

of ‘an 1on1c samp1e . k v
The SGC model: w11] presumab]yhapp1y to the adsorpt1on of ;- T T
1on1c samp]es on other non10n1c adsorbents such as Amberllte XAD 7 N
: and graph1t1zed carbon The use. of m1xed aqueods organic. so]vents |
as mob11e phase (e.g. water methano1) wou]d be expected to reduce

retent1on voTumes of adsorbed 1on1c samp]es by v1rtue of a reduct1on -

— e

of the- chem1ca1 potent1a] In add1t1on,,a change in d1e]ectr1c constant-

wou]d a1ter the va]ue K.1n ‘the SGC re]at1onsh1p Inc1dent1y, ‘*:':‘>x oo

°

a change 1n so]vent'v1scos1ty wou]d change the numer1ca1 constant

used in the m1croe1ectrophores1s calcu]at1on i1t would be hv_ o f:': P
exPected that the SGC mode] wou]d be \ﬁ k: *ﬁ”nénued so]vents, L

) at 1east for soTvent compos1t1ons conta1%§v‘

-

s1gn1f1cant_'
percentage of water. . ;ejr,;_ C '},J'T ,.u§‘~._(f,a N

1t 1s hoped that the exper1menta1 approaches employed

dn; th1s work w111 f1nd use in studies of retent1on - f , Jlfd

4

¥ mechantsms on other non1on1c stat1onary phases
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- 6. FURTHER WORK
| - SR

. a. The heterogeneous potent1ometr1c method, sorpt1on lso>Perm

Lstudles, and m1croe1ectrophores1s can be appT1ed to' the study of other G A

-[i nonlonic sorbents such as C]8 bonded phases

b The mechan1sm of the effeCt of dlfferent an1ons such as S
_ _ N
.C17, Br™ or CTO4 on retent1on vo]ume is. an area requ1v1ng further

study. e SR TNTIE R

c. The use of TBA in the mob11e phase prOV1des a way of s
. vdecreas1ng Tong retent1on t1mes of compounds such as - DPGH and
'h,code1n1um+f The poss1b111ty of us1ng so]vent programmlng by

'3sTowTy 1ncreas1ng the concentrat1on of TBA m1ghq prove pract1ca1
. . % .

- B : . E : B R R -
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. equathns.

. Case’ I. No bfecipﬁfation du(ing the'course°of the'titration.

v_"where equi1ibrium-cbnstants of the above'equiliﬁria‘are written as:

'Bes1des the equ111br1um equat1ons, there afgzcharge and mass ba]ance

'Apbendix I

Theoret1ca1 der1vat1on of the tatrat1on curve of BH type

acid in the absence of XAD- 2 resin. ‘ _’-l, SR S

1

There are twolequilibrja that can ‘be Written:

[ - : + . ,.j o. ‘ "
BH ¥ H 0‘._..3 FHO L K

1

.

K'. : fB].a :  . o .:.':;: -e;i'- e-i;.(i)e*?. N
a,BH "‘[BH] R

e

. ?7.

[BHJ+[H]+[M] [OHJ*[X] e




T

ey

1In the. above equation} nBH-isxthe tota]‘nunber of moles of»B‘that v

jls present 1n the system The main purpose of the above equat1on5\

|

T ois te express nDH’ the number’of m51es of the t1trant added as a

. N
- function of pHa( ). Rearrang1ng equat1ons 1 and 2 w11] Iead to
‘,‘ . '_‘ ‘ H . .

o [OH 1= aOH/'\”OH SWegro o B
/\V): o ,v .. ..v,/'-\ o »{v N
| [‘] [BH 1 <' BH/a L SR .(6}
o o . -\}\ | S
Substituting - equation 6.into 4 will lyield: =~ .~ = N
- - R . R o - 1 -l : . . . : \: - \\
!\ RN |

[35f1'=»f - oH" ] v ‘, BH/a B

N

:f After rearrang1ng the above equat1on, [BH ] is expressed as a funct]on

!

. P

[BH ] = ”BH/ [v (1 + K"BH/a e o ﬁ_ thﬁifiats)}

u

Substituting eouations-S; 6 and 8 “into 3-5 |

‘._OH = Ky V/aH TOH " ATyt pyKa e/ (Kagn T 3) )

"fA computer program for the above equat1on for the t1trat1on of
‘BH ac1d 1s enclosed on the next page Al] of the computer programs_ii

'1n the Appendlces are 1n Fortran IV language

e
. .
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FEEN

VRN U D W e

10

11

12

13
14

A5

.16,

17

18
19

20

21
20
22

27T
Nt

24

e

o A

26

27

- 28
S 29

br &
4

000

£

COMFUTER FROGRAM FOR THE TITRATIGH OF
AN HYFOTHETICAL LH+ TYFE ACLDN. I, THE
AESENCE OF RESIN. _ '
_ROH=0,76, N
- RH=0.83 : i
VAQ=0,05
CKW=1,0E~14

«- CKA=1,0E-10 , - g -
TNE=5,0E-4 - R . !
CFRINT 200 o : o o

300 FORMAT (717 .

56 CONTINUE

200 FOEMAT (4%, E10. 4,4X,F¢.Q

. PRINT 100 S S A o
100 FORMAT flO/:.’Any,loxi,fPH(y~1OXy’NNADH’)
STEF=4.5 - - o TR ¢ L
6 AH=10.¥#:(-STEF)
- PH=-ALPG10 (AH) e
" A= (CEWXVALR) / (AHXROH) -
CB= (TNEXCEA )/ (CE ﬁ+hH\“
C= (AH*vna;/FH z

FNNAOH=A+E-C o fl'“‘.[_l- L
IF (FNNAOH .LE. 0.0 )NQO. TO 100

PRINT 200, AH,FH, FHNAD

\AX s EL (4 -
STEF=STE +o.d o SN
- IF CSTEF-12.) 676:46
10- COMTIMUE '

FRINT 200 ¥
STOF .- ‘
END .

g




2
H‘Case II. Prec1p1tat1on oceurs, dur1ng t1trat1on _. |
The so]v1ng of th1s system is s1m11ar ‘to the Case I descr}bed(’

above' 1f S is the so]ub111ty of . B then there is a th1rd equ111br1um

present as

- Bgy=—8

o

‘Equation 6 can be rewritten as: -

PTGy e e

e

SUbstituting eQuatidn5f1Q,t11;and 5 into 3!

| M"OH‘"_ Kw V/aH TOH - ay V/TH - 5 a V/Ka ‘BH -2y

~



Vo

Theoret1ca1 demvatmn of the t1trat1on curve of BH type ac1d

~ Appendix 11 |

4\ -

in tne presence of XAD 2 resin.

o
Sah

L they are a‘ fo]]ows

N B .
e eitex
i "W
‘v.\\\. 2H2 )

L

0 P B)+ HY 0

ﬁ (B_HX)#

b

B

(S

0 = H;Q 4 OH

t

Four equ111br1a can be" wr1tten for the tltratwn of BH

- Subscr1pt R‘ in the above equ1hbr1a 1nd1cates the resm phase and

e

. 243

" the rest w1thout R means the aqueous phase There are four equﬂ1br1um

_constants assoc1ated to the four equﬂ1br1a above

[B]-a |

| ‘fKa,BH

+

[8H']

*

'ip(])it77
T@)

(3)



284

»“"‘“‘._fv.aﬂfaoriig‘ e

Bes1des the above equat1ons mass ba]ance and e]ectroneutra]1ty :
equat1ons are necessary to describe the who]e system They are 11sted

as fo}lows

[BH]+[H0]+[MJ [OHJ+[X] N ()

ngy = Ve([B] + [BH']) + We([Blp + [BWXT) - = (6)"
Subscrlpt R?IF equat1on 6 means the re51n phase Equat1ons 1-3 can
be rearranged that a]] the var1ab1es can be expressed -as a funct1on‘..
of [B] | | |

ey w

' -[VB]'R..;‘ 'KE';Q;,[_B] _» _(8) o

By substitutfng'equatfons 7;18rand>9“intb“6; [B]-thenfcanvbe sd]vedfjv

o

W/Ka BH)

Mg BV aye vk +‘KB'” + ST 10y

+ Ky

or, . l[BJ ,nBH'(ij.aH'V/K QBH BH H W/K H)/ »v»(]]).-vjb

o -



S

. : 245
Before equat1on 1 cam be subst1tuted 1nto equat1on 5, mass ba]ance E

for LX ] in the aqueous pnase is necessary
[x']f=-[BH"j.+.EBJ'+w‘-[BJ‘K/v S )

Now, the whole' system can be descr1bed by substituting a.uat1ons

| 11 and 12 1nto equat1on 5

'] =

[OH ] - [H 0] + [X 1- [BH ]

. ~l|~

[OH ] - [H 0] + (1 + w/V)-n H (v +a .V/K- -

.o T

.'ffS1nce [ ] 1s the concentrat1on of the’ base" added ln the t1trat1on, -

-

31t can be rewr1tten as . [M ]= |/V So the’ f1na] equat1on has =

{.form of

f~

oH Kon/aH Ton - a -V/:rH (0 W/V) "o ( 1+ a /Ka BH
KWV ¢ KBH.w aH/K" BH" )"‘1‘ | : ’-t'g(jd) S

T

A computer program for the above equat1on for the: t1trat1on of BH

“acid in the presence of res1n 1n enclosed on the next page



CONGUNDON =

(S
= O

12
13

14 -
15
16
17
18
.19

.20

21

20

Ll Al

23

24

poge |

26
c 2700
290

30

33

34 .
S
- 34
v 37
2‘38.3.'
40

41
ez

UEL
32

COMFUTER FROGRAM FOR
HYFOTHETICAL EH+ TYFE ACID

'FRESENCE OF RESIMN.
CROH = 0.76 ,
" RH = .0.83

UAQ. = 005
CKW = 1.0E~
'CKA = 1.0E-
WR = 0,005
TNE = 5.0E-
CKEBH=0.,

0 10 I = 1,

K = 1-2
CKRE=10. **h

14
10

-4

IF (K.LT.0) CKE=0.

FRINT 400

400 FORMAT ("1

500

200

FRINT 100,

100 FORMAT (iX»

FRINT 500
FORMAT(707)
FRINT 200
FORMAT (SX»

. STEFJ=4.,5

D0 20 J=1s1S

\STEF.I=STEFJ

AH=10%% (-ST

CCEND

FH=-ALOG10(

CKEH, CKE

‘KEH="

‘FHY

5
+0.9
EFJ)
AH)

o SXs

F3.1e5Xy.

CNNAOH ) -

A= (CKW *Uha;/(ﬁH*RUH)-
TE=AHKUAQ/RH ¢
WR/VUAQ) -

C= 1. +(CREX
D=1, + (AH/

ua>+

..n\I"

”wh/UﬁO)

1+(ChBHKﬁH*UF”CIuYUﬂO;)-
. PNNAOH=&- BEATHEX ¢C/IN)

IF. (PENADH,

.~ FRINT 300,

300 FORMAT (4X»
20 CONTINUE
10 CONTINUE

FRINT 400
sTOF

LE. O«

0 GO

4Xy

T0 20

FHy FNNAOH . .

Fa.1y E10.4)

Ty

CTHE TITRATIOM
IN THE"

A

CKE=

a

- 286

oF

R T
s ~y

y FBY1)
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..;Appendix 11 - '

TheOret1ca1 der1vat1on of t1trat10n of type HA ac1d 1n ‘the

g .presence of XAD 2 res1n
'There‘are fourveqq1115r5a~'aé folloWs;»
0;:;:'A' + H+

S 3

o

HA + HZ 0
M0 == H30 4 OH
;3.- A \ | .

S W e =y,
»'There are four equ1]1br1um constants and d1str1but1on coeff1c1ents that
'7correspond to the above four equ111br1a .:" '

[HA]

T w""of“H-,"aOH e e @

HA [HA] T R R

P ST .
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< In order to der1ve the ent1re t1trat1on curve ‘mass ba]ance and

; charge ba]ance are requ1red /‘Mass ba]ances for threé spec1es are
» . ‘\.

\ . . c e

\ .

- V(D] + fA S (&]R* A, ) o ®

| | o -
o) ,nOH/v.--w;m]R/v.ii‘; R )

[M ]

X1 ;

o "h57The:cherge balance -in the aqueous phaée_pan be_expreséedfés:

Ai}‘1[H§O]p¥:[M+j‘=_[OH']'f [Af]f%h[X*] ; “h:_ '/f : f'~?(g) ]h"”

iy

«

'  'Rearrang1ng equat1ons 1 3 ‘and- 4 1n such a way that a11 the var1ab1es :

‘can be expressed in terms of [HA] on]y ﬁ

2 .

| 'jf[HAJR*eKHAf[HAj ”f‘h ;;5; R :le';f SR o

e o BRI ) R

RS



S In equatwn 5, nHA is a known va]ue, ‘the: rest are vamab]es However,

s

~
~

,they can be so]ved by subst1tut1ng equatmns 9 10 and H 1n'_c0-5,_

then [HA] can ‘be expressed in terms of nHA

~ [HAD = ey './LaH(V”,* WKyn) + Kyn(V * WK (12)
"S'ub_stit'dt_i_ng eqdations ,'.6_an'd '12_11'n'to 8"and resz‘i;erig'fng‘:: ,
KN V/aH TOH - a, V/TH + n A-K HA'-(‘V' fWKA_) .
' . ] -, '.‘ ’
[a (v + NKHA + K HA (V + wKA)] |
. Th1s is the t1trat1on equat1on wh1ch re]ates nOH’ the t1trant added

topH(a S

?;
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p-.Appendix v

Der1vatlon of the pH d1fference at ha]f equ1va1ent po1nt in

- the. t1trat1on of BH and HA ac1ds, with and w1thou7/fhe presence.of :

' XAD-2 resin. . X

: Der1vat1on of equat1on 13 _page. ]2, wh1ch is the PH d1fference v
: at the ha]f equ1va1ent po1nt,1s shown here As prev1ous]y Tnd1cated

._there are two equat1ons der1ved for the BH t1¥rat1on The f1rst E
~one is the t1trat1on w1thout the res1n and can be g1ven as: :;/;l .

Ky'V.ay ng Kl gy

. ;'?ﬁron' ’TH “'ﬁéjBH * @n//////;>

T e

.v»Between the/ﬁgnge of pH 4 and 10 the f1rst two terms are negl1g1b1e
compared w1th the 1ast one So the above equat1on Can be rewr1tten

|

» » ‘ ' '.’_ e' .> "v. K'I ( ‘..*-' K' X ) | - .” ‘

"on T "B Mamn/t tKaew) o o
Or;fafterhrearréngement,‘ . -
SRR fi‘(n In - 1)'>K.' PR (a)
S JHOMTBHTTOH T TaLBH B

the.aboVe:

-

By tak1ng 1ogar1thms and chang1ng 519ns on: both s1des

:_equat1on takes the form

e .

Bt
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/ P = - 109 Ky gy - 108(ngy/ngy - 1)

‘ The/second equat1on wh1ch is the t1trat1on curve in the presence

‘of XAD- 2 resin, 1s presented as

'K'avf' a ' . a
Wt W DM
' - a,BH -

“on T |
M Kei

VT Kaen

S

nIn the same manner as before betweex pPH. 4 to 10 the first two
: terms can be neglected and after rearrangement the above equat1on_

f” is s1mp11f1ed as:
(V t Kﬁ ) H/K' 81 - (ngy/mgy = 1)+ (V  Kgh)

1By tak1ng 1ogar1thms ‘and chang1ng s1gns on both s1des, the above

".ieQUat1on has the form o R f'-'- f_v_ . |
o ;:H ’:’:]og‘('\/ + Kgyy" )‘-- Tog(V + KBN) 1ogK' BH- o

'ff ”Then the d1fference 1n pH at the po1nt where nBH equa]s tw1ce the

- OH s eQuat1on (a)_m1nus (b);‘-* )

ApH H(NR) - pH(R)



ApH'%‘Jag(v + KgW) - ’I.og(V:-+v;KAB‘H'-W) '
Vo KW .
Flog— B ,
.~V *‘KBH.N, 5

- The express1ons for the t1trat1on of ac1d HA are treated in a

similar way and y1e1d o \
“. ' “)
ApH = pH(NR) - pH(R)
V + KW |

¥ jog — AL

Vo+ KW
"t G

2%
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© APPENDIX:V

S

- A deta11ed der1vat1on of the theoret1ca] t1trat1on curve _'-_:

- for ‘an AH2 type ac1d w1th ‘NaOH 1n the presence of resin 1s

- presented here

'The-complete equilibria thatvdescfibevthe_system»are'given' '

- R
> + H20.<—.(—,AH_ + -H3O,

A+ H Q=28 +H30

M= (M)
= (m),

AH2+A .\_—'—A(AHZA,R.

N s

e .
’ g oo . - R

‘Subscr1pt R indicates the res1n phase wh11e the rest of tne terms

2H20 v—\H 0 + OH

o

"are aqueous phase There 1s an equ111br1um constant that corresponds

S to each of the equ111br1um equat1ons They are 1lsted below:
. . | .

i



X au‘AHZ\.f [AH]- IaH/ .[AH?_]

: Ké'Aﬁ l[A it aH/ [AH] |
KA}; 2 = t:AH.Z: X] " [AHZ]
KAH‘ﬁ.[AHJE%LtAQJ'

6 - g 07

V.KAHIZA [AHZA]R/ [AH;]\,; ) .

L BeSIdes the equat1ons g1ven ‘above, there are mass ba]ance and
: K - . ,

(2)

| (_3)

-

vve1ectroneutra11ty equatzons that are requlred to g1ve a comp]ete

'-”descr1pt1on of tbe system E]ectroneutra11ty of the aqueous phase ‘

_‘«-_ l1n th1s system ist -.., R [»‘ - -_e}.;wﬂf" \
v K3 f0] + [M T [AHZJ [oH ] + [x ] + [A 7
" 'Mass balance . for species [M+], Ix7] and‘[AH;] are given as:

°

254

'»(]);;

(6

.



For s1mp11c1ty, equat1ons 1 to 6 5an be.rearranged in such a’ way
L that all the dlfferent var1ab]es can be expressed as

ﬁil'[AHJ:

o

‘\

+ [MA]R + 20 [AH A]

x1

ks 2 [AH A]

DT = D DR nor:/v |

R ]
- .
\

[AHZJ = [AH] aH/Ka AHZ

_[A] /2y "

. . .
A

. . s,

. 1

'_,v.

. wle_.=e'<.a’ [T g

o

Vi(LAHDT + [AH] +\[A ]) + w ([AH x]R . [AH]R \]

4

‘ [MX] + U‘“z] + [AH] +. [A ] + [A@R + [MA]R

e

2

) [A“ A]R KAH A[AHz1 [A 1= KAH wka, AH[AH] ey A, (‘7)
' [AHj}ESn beusdlved Qx.shbétitﬁtghg_édﬁatfons3i25£o 17_{hto 9:Mf2.-Lf' P

w/v. v'-(lo)

funct1on,of,j R -

..-(12)_,;; L

l’[A“szRt?‘KAHéIA”éJE“K Al 2 [A”J/Ka A,

B

ae)

(9)

T} -




R R T T o o

!

"IAHg I 86 g, D ).
4 W ([AH] 4, /K" ‘z:f'KAH[AH].+ KaKe aulAH1/

a

T L S S L eI
aH +,? XAHZAzKa,AH'LAH]'/K alAHZ)‘-uli .‘18)
» qudtibn.]8,¢an;be.rearranged sb‘that'it wﬁ}T be aiqqadraticlf' : ’
viéqUatidh;_The [AH] can be but>int0'thé~f0rmAax2 +bx + c=90:
: . PN . i . . K ‘ R c ‘

<

2
2w KAH AK A [A”] * [” KAH + KAH H/Ka AH

2 2

i F
oo

ff‘i,:; A'a AH/a )+ V(] + 2y /K"AH2 K AH/aH)] [AH]! g

P

4 - - --:=.o;<';'_ I ﬂj'- (19)
e \}W :;AHZ’E SRR ’ - e _

Ty

_a,°b,.c have been defined'as: . - -+ T A

a & g(w/v) AHZA a AH/K N AHZ.\»'7f  : '1$¥ f" (?0)' .

*{ [1 . (W/V)KAH] ipe (W/V)KA] AH/aH

.”,]“__-_

[] + (N/V) H ] aH/Ka Agz :{v:.1, > -; :f ..'(2i)?;  .

- 7'5AH‘/V -f '~“ o :1aliffv. _‘jl"“v_g_-(22)  f}:x,»

2

Tt and [AH] [(b + 42 c>”2 b]/z- R

‘V,OBlyftﬁefppsitivefsblytiohréj11 be taken since [AH] can not be negative. . -



o : ’Equat1ons 10 ‘and 11 are a1so used to re]ate the amount of t1trant

_8’:-'

R

vvadded and the pH changes By subst1tut1ng equat1ons ]2 to 17 1nto

'_']O one gets _ f e - L ff_ R 'j/T' g

Ix ] [nx] + aH[AH]/Ka A”z ¥ {Avaffké’AH[AHJ/aH_

(w/v) {AH] + (w/V) KAK .AHV[AH] /’5'& .

2 (w/v) KAH Ky AH[AH] /K [ TIRE RN ¢ R
_ EQuatfon“ii is treéted a;sjmilar.Way;:v
2 ;M:]';-[ﬂxjﬁ+ o/ V-~ (W/V) AK AH[AH]/a 3 (25)

Substituting eqUatipns:ZS and 26 into the eTectrongutrality_equatjon R

V[H 0] + [MX] + ﬁOH/v 5 (w/v)‘ KA A;{Aﬁj/a +
g H[AH]/K [QH ] ‘v K' *H[AH]/a + [MX] +~[AH] +
| H[AH]/Ka AH2 + Ka AH[AHJ/aH + (W/V)KAH[AH] + | o \ 5
| (N/V) KAK -AH[AH]/aH + Z(W/v) KAHZAKa AH[AHJZ) aAHZ(ZG?'\'~

tfter'réarrangihg:thelabo?e.equation; k ‘;”>:v\ S

o ”OH Kw V/aH TOH @H VﬁTH + [(v + wKAH) + 2(V +
NKA) AH/aH]|[AH] v 2 W KAHZAK |AH[AH] /Ka A (27).:;;f'0

. ) ) o . ) . RN 3 . . KA

A ) - , . . . : : 7‘,
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,Thé above equation can be simplified.ﬁyvusidpfequat{on 19;e -
4

Kw V/aH‘TOH -~aHVﬁTH + nAH2 -'gv *-”KAHé)'[AHI‘f%f

aH/K;;AHZ + (V + NKA) [AH] Ka AH/a . “. (28)
- [AHY has to be so1ved from equat1on 22 1n order to eva]uate the B
'relat1onsh1p between n0H and pH. On the next page 1s the computer

N fprogram;used to calculate the t1trat1on curve for a d1prot1c~f

| ,‘;1quH2'n

. .
/



e T

VO N DGR —

R

73.FORMAT(4Y;’NO. OF MOLES"’;F%O}A)

BT

‘THIS: IS THF COMFUTEF FROGRGH FOF "THE THEO—

-~ RETICAL TITFATION CUFUE OF AHZ+ TYFE ACID

- COMFLEX . Z ZLG
" RH£0.83
Roﬂéo;7é.-

L VAR=0.05. 4"","“, A

CRW=1,0E-14" = ‘ : R R
TNAH2=5,0E~4 . ' ' R S
WR=0% ooo S . SRR : )
CKAAH=5,0E-10-. - |~ o S

'ChAAH’ 1.,0E-8 PR . R :

' CKMA=10.,0 R o o T I
CKAH2X=10.0 T AR R A o E Lo

. CKAH=1,0E3

T CKAH2A=1,0E12

- PRINT..300

*3oo FORMAT (/4 ) LT

FRINT 7035 WRyUAQ U St

703" FORMAT (4X, “WT+ OF RESIN=', FS,3,5Xs’AQ. VOL ='

PRINT 573 »TNAH2 -~ -~ %

FRINT 401y CKAH2X, CKMA

401 FORMAT (4Xs TKAH2X='4YF7, 1y5%s ‘KMA=/»F4.1y V0
- PRINT &00» CKAAH2,CKAAH R e
. 600 FORMAT(4XyKAAH2=/3E10, 4:4X?’RAAH— yE10., 4xt:
L FRINT 809y CKAH2A ,CKAH - -
800 FOFMh1(4Xy’hAH”A “9E10.4 55X 'Qgga*“ET6*4>
w0 FRINT 209 o o
S FORMAT(70’) . . SR A
© o CFRINT 100 . o v R o : LN
100 FORMAT C10Xs ‘AH’y 10Xy “FH’»y 8X7 NNAOH’ » o
1,8xy'AH+°'.8x,'A—'.1QnyAny8x,'aH2ARv)‘ ,
. STEF=0.,0 FE SRR
L6 AH=10 XX (= STEF) R - T R |
S PH=-ALOGI1OCAH) - T RN
S - e R D
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& . '
,
38 U A=;.#F*LIAH“A*CKAAH/CPQAH“ S ﬁ - f)
.39 .. T Rl1=1, +(AH/ChAAH’)+(FhAAH/AH)'_ ‘ '
40 - Bl““F*(ChAH+(LhAH“X*AH/ChAAH“)+(ChMA*ChAAH/AH))
41 - BsBL14BE12 - T . f
42 - C=-TNAHZ/VAQ o o
43 © . IF(F.EQ.0.0) GO .TO 121  ~°. - °
44 " IF(CKAHZA.EQR.0.0). GO TO 121 . o
45 - CALL ZQAHR(A;B:C;ZSMrZLG;IEF) ‘ o
46 - . AHO=ZSM - »
47 .. B0 TO 17 R
‘48, . 121 AHO=-=C/B . . . ’oo
49 ':.'17.A1=Cﬂwxvag§ngxR0H) )
.50 s AH2=AHOX%A KaaH2 . .
S1 . AD=AHOXCKAAH/AH. I -)
52 - . AH2AR= thH”A*AH“*AO A -
530 - ¢ B1=AHXYAQ/RH ' o "
54 © C1=THAHZ '
55 .. ni= UAG*(AH/ChAAH’)*(l +(wﬁ/vAG)XChAH°X)
56 © E1=(VAQXCKAAH/AH) X (1.04+PXCKMA) . |
.57 - . FNNAOH=A1-B14+C14+(E1-D1YXAHO = -
.58 CIF(FNNAOH.LT.0.0) GO TO 10 ° | _
59 . PRINT200sAHyFH»FNNAOH ,AHQyAO;AHDrAH“AR -
QT 7oo FORMAT(4XsE10.4,4XsF6.2,5E13, 4, -
61 10 STEF=STEF+0,25 . - -
Y < IF (STEF-12.) 6v6156
63 56 CONTINUE f. =
64 | FRINT 300 e
65 - STOF ; ,
Y- T END - - .
* 7 L«
. - T -
{ Lo & ':'/?\v '
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APPENDIX.VI

Theoret1ca1 der1vat1on of the t1trat1on curve for the m1xed

type ac1ds BH and HA 1n the presence of XAD 2 res1n
"y,Theacomplete\equi]ibrium'equations‘are-presented“as follows:

». ’

S BH+'4.H20a====ﬁYB + Hgot o y w!,_

BH' + X7 == (BHx)

A

H’A+H0'+'—’A"fh‘+0,_'

2 - - 3

<i”i> e . ‘ . ,?t o 'N“'; : | - .

=g

:BHv ¥_Ajh€¥ff§%kégéééj.>-_' , |

ol
2H20 HO+OH T S S
o | et

Subscf1pts 1nd1cate the res1n phase wn11e the rest of the terms
are the aqueous phase For each of the equ1]1br1um equat1ons there o

15 an eun11br1um constant There are e1ght d1fferent constants

i

&
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591Yen_béTQw,1n the:order,Of-the'équilibria abové:_

K; BH “E#j;dH/tBH+j o - : '  ’ ,‘  ; .{__ ?- jf;<]).i
et @

o, T o
oKy s DBMIyLOEl o @)

1]

"o

VL

kg DAIEIONT e ;)

In order to so]ve the comp1ete equatvons, e]ectroneutra11ty as. we11ﬁ SRR

as mass ba]ance equat1ons are-requwred The e]ectroneutra11ty

' equat1on of the aqueous phase is g1ven 1n eq&at1on 9 5 ‘ 57 n.f“"”

A Y e

|

”;lThe mass bSTanCééndf tﬁé aifferent speciesfafeigjyenfas f011qws;

HA '  ;tHA]é/[HAJ .‘i: ‘..f o Z;i - ,v‘l '. ‘.  v; ‘s):i 

L R

Wew .o oo @

L e, )



B v .

N can be expressed e1ther in terms of [B] or. [HA]:

3
I

n

Tl o
[X ] [MX] + [B] + (N/V) ([B]R + [BHX]R + [BHA] )

Ve

g =T+ ED) (DT Oy ¢ Dol

gy O D0 B3 ¢ Tl o)

oy

Equat1ons 1 8 can be rearranged in such a way that a]] the var1ab]es ;

[BH ] = [B] aH/Ka BH

[BHX]R = Ky o - [BH* ] - K H [B] aH/Ka BH‘;'e .

It

. A1 ké;HA;tHA]/?A':_i'fe” |

- ﬁ :[HA]h;;'KHA}[HAje_e

DT s KgAK DAYy

)

. Fo“ ]'5V§W/?HfT0H;f L

~

e

‘.{[BHAJR KBHA [BH . [A 1 Ko K3, ;A [B] [HA]/Ka "

1 ” ;K15)f ?[

e

:»(1;5}:}<"

.(18).f-~.-"*

"'i (f9)}Tf3i:e

@y



“fSub§tituting'equatidnsti6-20 into'1oland‘11=ahd rea%rangingf
: e

Ny : [HA] Ve (1 + Kl A/aH + We K A/V + WKA K HA/V a

v

W KBHA K HA {B]/V Ka BH) . o <(22) '

= [B] v 1 + aH/Ka gy W KB/V £y KBH H/v Ki.BH
- ~ A .‘ o . Vw" ’ ..

ER R ; R

For simplicity, different symbols are psed"for;equatiqnsgzzf;nq‘23: n.

Lo

e A KAy

]

(W) Ky "

~
o
t

- (Q/V)’KA?(KQQHA/aH? T A

/Ka’BH

TR

“ 5(”/V?5KB,ﬁ 

G- Kgn ¢ RCTn

B o 3 .‘__w__,'_
e v(, S

= (W/V) KBHA (K A/Ka BH)

A 4
LB
' |



265 .

7§6féquations 22 and 23 can bé.fewrjtten.as{

RRNPHY

A St N . -

nHA&,; [HAToV ~( 1 + ;a f_‘b'; ¢+ q-[B])  (_24),;_ ~

Noy = [BIV+( 1 + d,%fe +f Q-tHAJ)i - (25)

ks

The two var1ab1es [HA] and [B] can be so]ved from the above equat1ons

[HA] can be expressed as a funct1on of [B] from 24 Then subst1tut1ng
lnto 25 and so]v1ng for [B]

[HA] My el (1 +a+ b +ctg [B]) -1 ;‘ N (26) :

Substituting 26 into-25:. . o

L2

,"[B] Ve ( 1 + d tetf ¥ nHA q)/V(1 +a+ b+t QEB])

(27)
.'Eqdétion_ZZ;CAn'be rearraﬁgeq4,as;

. B

(i+a _*I_‘»._.b "",_C)» '(] + d + e‘+ f) HA q [B]

N
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Let ,; 2$:=[q$”HA‘“hnBH)-+'V(]:+a fb +EQ?(].+d +el+f)]:[q‘y

(1 +d +e )7

and =g (14 a4 ve)/qeV-(14d de +F) -

| Sb.the quadratiebe uation takesxt “Form:

-[3]2:;4esg[3jLe.t';hd SRR | o (28)

|
[
(%2
]
—
wn,
. +
-+
~

or, - [BJ ._‘ ) ‘. ’ ,, (30) X
N ';j;.;;>/w 3
iSlnce [B] cannot have a negat1ve value, only equat1on 29 1s taken

as the so1ut1on Subst1tutlgg equat1on 30 1nto 26, [HA&1S so]ved for, '

| eg1v1ngk : S : :(f‘ — 1>“‘ B h‘_' ‘*'ﬁgf'- - .v_

1
-

15[”5j‘=v"HA:V_]'[‘h+a +b ;gﬂ+qg(fshf (s2+t)‘f2)3‘1(311:7'

e;S1nceKEHA] hnd [B] are the only two var1ab1es that have beenso]ved for{i
-others also have‘to be def]ned or so]ved for to 1nterpret the B |

ent1re t1trat10n curve. Equat1ons 12 and 13 can be changed to

- [hk],ftnog/vfffwex;n;A]/v'" _~'55f71f/f_ INEN)

)




27

x] =.[MX]if_FB] + a, [B]/Ka o+ WeKge[BIV +
' ‘-‘”/V)WKBHAfKé;HA [BJ'EHA]/Ké;BH By
_gSubstitutfng_eQUatibnszZUand 33 iﬁta~equatiQn;9: ”vv' :

[BH ] + [H 0] + [Mx] +n0H/V - WK [A ]/v [A ] + [OH ] +
er] + [B] 4 ay [B]/Ka BH + N'KB’[B]/V + (W/V) ‘BHA" [B]

[”Aj Ka HA/Ka B " (34)'
}'After_reaﬁrdnging;_the ffﬁa]»equatioh~can be.rewrftten:é§{*¥: \
o .ﬁ H ="KH'V/aHdrOH_ VﬁTH + K' HA(V + W KA) <[HA] - V/a

.

S

;o
i

Subst1tut1ng equatlons 29 and 31 1nto 35 .a combTétevsolutibhlis

obta#ﬁed

@

Lo

Kw V/aH OH - a V/r + K HA (1 + NKA/V) HA/a

-{q +K) HA/a + (w/V) +y(W/v)K *‘K'*'A/an)-?; : :

+ (w/V) BHA'(Ka HA/Ka §H> [( i gl/2: sJ} T

(1 +uKB/v) v. [(s * t )”2 - s]"ﬁ ‘  S g'(35)  j:?

4 (v + W KB) v [B] + W KBHALB] [H ] K"HA/Ka BH' (35)“?,

Yo
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N

where s {(w/V) KBHA (nHA g (K HA/Ka ) * VI K HA/a

i+ (w/V) KHA + (N/V) KA ( HA/a )1 [1+a /Ka an * '

\\

W)k + (“/V) BH( H/Ka B ]} {2 v ”/V) KBHA (K vHA/ :

"a;BH

L Ko [1 + ay/K, BH v (w/v)K . (WV)KBH (a H/K H)]} 1

| ann»’i.- t= nBH {1 ¥ K HA/a w/V)KHA + (H/V)KA( HA/a )} ;

{ (”/V) KBHA ( a HA/Ka BH) (‘ + aH/K"BH (W/V)KB

In the spec1a1 case of KBHA'— 0, then, q

dependent [B] and [HA] ‘can be solved from equat1ons 24 and 257mﬁ:”.A

and equation Fcan

| »OH" Kw‘V/aH Tou 3 'V”TH +(Ka HA’a ) “ AL TN

[1 N K"\A/a (M/V)KHA + (U/V)e KA ( "HAkéH)]:T;h, g

“ ‘-;fﬂ. if(yfgt NKB/V)'?BH'L‘v*“aH/Ka,BHf* (f/Y)KB,+.(w/v);”-

* (“/V) KBH (aH/KafBH)i 1j-'_- T

- 0, aﬁd-[a] andi[HA] Are.notn

4”(265) ;;"

 (2?a)nff‘7?

' L o R N R
Ko’ (aH/K BH)] BT T Lo e

oy



o Equat1on 353 actua11y is the sum. of 1nd1v1dua1 tltrat1ons of ac1d

i B .
oom

types BH and HA\\\ | J_;. ?“‘3f' '1 3f5“"“ 7; S th
\\\\\\ On the next p&ge 1s a program for thlS ca]cu]at1on.-f'

g

S T PRI



o B v :‘28

-
-

'

O BN WD

-
°

e
-b_ w3

-14\\

36

CB00 FORMATC/14) - o Tt o)

205 FORMAT(Z07)

:ii' :

S TTHIS IS THE COMPUTER PROGRAM FOR THE ‘THEQ= .
CKETICAL TITRATION OF MIXED ACIDS RH+ ANE HA-
COMFLEX ZSMy ZLG. - 0 o e

CROH=0, 76 . I
- RH=0.83 REETR
- TVAR=0.05 Q:T;"v;n
SORW=LLOE=14 1 T o e
TTNHA“3 60E-4 T DT S VLI I T
INE=1.80E=4" - . o n o e
fchth 1 OE 7

CRHA=430. Q,.ﬁ

L OKMA=4.8

CREMX=1040_ . -"'fx"("-°"-

CRE=2090E4 | .
L WR=0,005 - [ Tt T A
CRRHA=0,0 < e N
FRINT 300 - - .00 oo oo

o

FRINT 703, WRyVAQ “Qﬂ“ T TS e

17 FS5+3) - :
FRINT ”987TNH0! TNB

098 FORMAT (4Xy“ TNHA=? yE10’ 4qur’TNB“’vE10 4)

L FPRINT 2995 CKAHAYCRKARH =0 ST

295 FORMAT4X 5/ KAHA=  E10. 4(uXi’hﬁBHw ,Eio 4.

COPRINT 401 5<CKHA Y ChMA ’

'{491;r0&mar<4xrthA»',r7 1,qx,’nna ‘1 F4, 1)

FRINT 600y CKEsCKEHX : -;gg
_'WORMGT(dX:’hB*':[? 1, x,'hon vF4,1)% _
- ~FRINT 8065 :CKEHA o IR

=3F0hMAT(4x,'hBHA ,rio 4)

- FRINT 205" :

\ L g “ L o

CFRINT o

,ﬁ¢00 rURMhT( PH-quXr’NNAOH'vIOX;’BHAQ’;SX;’BAGJ'
' v‘110x,'Ann',xox,'HAAa',sx,'BHAR 3 e d T

o STEF=0,0" T T CRUTIR PRI
& AHZ100KK (~STEF) _}?f-;g Sl e T
F‘H ﬁLOGlO(AH) ; o T T

';F\ff 

Cox FORMAT (4Xy ‘WT, OF RESIN Fq.zldxylaa.-UOL-—",”



P wn/una : :
CQs lkthHA*(ChhHA/ChABH)‘
CoQA=Q/F :
w T AF=CKAHAZ AN
‘ngF =FKCKHA . .
= CF l*ChMA*CkAHA/éH
=AM/ CKAEH 1...

b 7; _. if'” l;";Zjl'

o E=FXKCKE.
F=F%CKEHXKAH/ CKABH

coL ;CUNI»}u+AF+BP+CP

© L CON2=1,4I4E+F . :

o 81 QK TNHA= TNB)+VAG>!¢CONLMCON'J
e S°~G*UAQ*CON2_, :

IF(S2.EQJQ) GO TO. 11

. V

Ti =TNRXCONL

”'x_B 91

.' -5

S C==TL

CALL ZGAﬁR (AvByCrZSMy?LG:IER

JBAQ=ZSM . - e SRR ._.f*?-~”J
. ®6o.t0 13 - L '
11

FAQ=TNE/ (CON2KVAQ) ~;f..?" A e
HAAQ= Tmm/wea*(wmw*man ' ‘ -

BHAGSBAQKD - - - .o o s e T
CURAREHARGKAR T
WyLBHAR QG*BAQ*HAAG ‘ Hﬁl-‘,'f’ S '

Al ChU*UAQ/(AH*ROH)'.

. CB1=AHRVAQ/ZRH o e A

S CL=ARRCL, iP*CkHA)*UAGXHAAG Coon e
CD1=RAQXCL.HEYRVAQ TR
 FNNAOH=A1~E1+C1+D1 +BHAR*wR N

200,
‘QIQ>
O TF (STEFP-12.)" 676:a6
CONTINUE:

PRINT 300

CIF (FNNAOH JLE.-0,0.). G0 TO10. -

FRINT 200y FHy -FNNAOH - yBHAQ:BAG;AAQrHAAQ;BHAR
FbRMAT(F6.~y6F13'4) AR
STEF=STER+0.2% .~ . 4

- STOF,

O END.

N



APPENDIX VIT

. S SR o »-'t{ AP
Calculation of ‘the Curve C, Figuré 11.; s RN

‘ h'l}: Theoret1ca11y, theqt]trat1on curve of d1pheny]guan1d1ne f":;ji';:--;i'fft
_hydroch10r1de 1n tHe presence of res1n can be ca]culated from equat1on- g
"..,1] (Sect1on 2; Part I) However the n0n11near1ty of J Flgure ]2) |
.;u1mpedes the d1re7t use of t;>s t1trat1on equat1on Ind1rect?y,_u<;11'_f;td?j;‘a'

d”;equat1on 1] can ﬁe solved b re]at]ng a (pH)vto K. and’ [BH ]

H BH

v'b'aH can. be expressed as a funct1on of KBH and [BH‘] ;;‘:?‘ "if- f‘_“;;}jé='
.;y(KBN f V) [BH ]Ka BH ;. t:”;{; ;.1:> _ﬁ.:.nl(j):;.ﬂ nv;. f 
"'B'n'-‘-'-[BH‘J,('_V;.?ﬁ'-,_'-‘BH‘»*‘).'-" AL

U ey

n

7u11n the above eqhat1on, KBH 1s not a constant but var1es w1th [BH ]

'[From the exper1ment resu]ts (Tab]e 16) K 1s plotted aga1nst [BH ]

’?7_,on a 109 Tog sca]e (F1gure A) The 109 sca]e is necessary since a 'v::‘

- "iff_nuch w1der range can be covered The procedure of ca]cu]at1ng

't?f_f';1s expressed as a 11near funct1on of [BH ] at d1fferent sectlons

”lequat1on 1 is as foltows F1xed a [BH ] (start1ng from a h1gher
:>fnva1ue) tben kBH 1s f1xed from F1gure\A In turn, aH 1s known from |
- u,equat1on ], and then nOH can be ca]cu]ated after know1ng aH and
'KBH by us1ng equat1on 11 RepeaT th1s process unt11 the ent1re
| {.t1trat1on curve 1s ca]cu]ated Th1s method cannot be used 1n a B
“: vcomputer s1nce 1t 1nvo]ves a p]ot read1ng process Instead KBH a o

| f’bA computer pr09ram wh1ch was used to- so]ve tne t1trat1on curve of DPGH

"'5115 enclosed on the next page
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A:A#

VONO WS e T

b
DW= O

fffﬁfj;.;? J__f3VfliQf ‘fz;r

rsa'»?'“

Cls
T A
[N R

19 A

20
s

LT

230
24
25

26

r)7 :

hg

) A‘.‘ 2‘?’ .

————— N '31 ; ’ . ‘\‘. o L
ST R

CWR = o, 005
L PH=0:0"

CN AR )

ﬂCOMFUTER FRDGFAM FOR %HF TITRATION 0OF -

O‘ 040
1. 05—14
1, OE 10

a ln .u

‘CKA

CTNE = 4,97E-4

'7LCAB»~.9QE4.-':

400

100

:,' NP

CFRINT 400 - 0
FORMAT(#17) . o =%
FRINT 100 | R
FORMAT (10X
17 NNAOH").

-

~'jSTEPJ 0.5 -

DO 20 J=1,20\
IF(FHILE 745)" XC=0,1 "

. IF(PH.BT.7.5) %C=0.25
S 13 T T SV P S
" BHAR=10%X(-STEF.J) ‘Nt-')’,‘ R AT

‘STEFJ=STEFJ+XC .

IF (BHAQ: =~ 5.80E<3) 718:8

| .f 99"

101

Ca11
;;'Gu To.11°

IF(BHAR~2.7E-3) 99510510 i
“IF. (BHAQ‘— 104E=-3) 77y 889 88 -

IF. (BHAQf— 5. 0E~-4) 4, 9,'9 e TR
CKEH = 11.0 i - = R R

‘GO TO 11,:~!'_‘aﬂ-'4;ffﬁ;-

TEKBH= 11, 7d~—’1»¢E3xBHﬁQ

GO FO- 11 -

CKEH = 11 40 —1 0E3*BHAQ

IF (BHAQ - .7.,0E-4) 101, 111, 111" & .

:‘%DIPHENYLGUANIDINF HYHROLHLOHIL&» USEL To;gn-
© . CALCULATE CURVE: Cr FIGURL 11. ROE e
UL ROH = 0,76 o ‘ '
..~ RH.=:0.83 ljj'f.
VAR .
CKW

\BHAG’yIOX;’ChBH’yqu’FH’;10X1:“V" L



a1 Y11=

e s nH*unu/nH’ A

CLomE o END

L 3G L B8LCKEH = 11,01 - 1;0853*BHAG“;
CLEE LG0T L L g
%7 ,’jf~7[10~LhBH",.8” ~ 4,5 nnﬁm |
R £ E I U €19 i 0 I O O )
F9 . 8 CKEH =9, 705 4. 6[“?BHAQ R
A0 ;IEl((hBH JLE. 000) GO ru I3 oo Rt _
TNE/VAR) ~EHARK (1, +Chuny<uu/una)) R
A S L IFCRLLELOL) GO TO LF T e e e T T
SR S of- 3 (09 +(thnwuh/Uhu> L 7_-,;-‘51‘ S R
a4 aH= cwnnnmr(hm/a . e e
5. CPH=-ALOGIO(AH) - EIET R N ER VR AR TP
4 Vhw(Chw*UhQ)/(AH#FMHU S T S N

48 L IRl 4+ (AHZERA)D +\?61u*wn/vmu> *(CKHH*QH*‘A

a9 T 1wﬁ/(thn*vna7) o X e
G50 -g L PNNAOH=A~R+TNE (L/U) v v**~'{~.‘"‘.y'f e
51 ;,,: 74U PRINT 300yBHﬁGthIH/IHyPrkﬁGH o B AT B
B2 300 FORMAT <(AX5EL0. 4y47wt10. y4xypq.h,4 erO A e
5320, CONTINUE ' :

S4 . STOF.




