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Many studres have been reported on the use of a sorbent consxsnng of 5-phenylazo— ‘
%ydmxyqumolme bound to. controlled pore glass (CPG Oxme) for preconcenu;anon and.

separatron of metal i 1ons However httle has been done to provxde a deta11ed A

charactenzanon of tlus matenal Therefore, one obJect of‘ thls thes1s is- to charactenze—a B
. commerc1ally available CPG Oxme The second obJectxve is to determlne the possxblhty of
' usmg CPG Oxme for calc1um specrauon e |

L

i The theorencal basxs of the CPG- Oxme column ethbrauon / atomic absorpnon
spectro otometry (AAS) method for measurmg free calcmm (Caz*) is dgscnbed, and
. unporta xpenmental parameters are 1dent1fied and. opnrmzed 'I'he effects of pH, ionic .
strength and magnesxum 1on.concemranon on the sorpnon behavror of Ca2+ on CPG Oxme
are 1nvest1gated StudJes of Ca2+ sorptlon 1sotherms show that the method is only useful for
samples contammg a relauvely low < 10'4 M) Ca? .. Lo |
A phys1co-chermcal rr;odef{ for Caz“" sorpuon on CPG Oxme is presented, Wthh is

based on the "1on1zab1e surface group and "sne*bmdmg" models Spectrophotometnc

)

l

measurements on CPG Oxine allow detemunanon of the degree of i 1omzauon of the
phenohc hydroxyl group asa funcuon of pH Electrical properues of the surface of CPG-

Oxme are f ed by applymg the Gouy-Chapman theory to data obtamed from capacuy

measurements' and potenuometnc utrauon of CPG-Oxme The sorpnon model is used to

quantrtanvely explaln the dependence of Ca . sorptron on both sbI :txon pH and ionic

strength

\'Iih use of CPG-Oxme in the column equ111brauon / AAS method for selecnvely '

detemumng [Caz*'] in aqueous solution in the presence ofa vanety of charged, kmencally C .

‘ lablle metal llgand complexes of calcxum 1s: demonstrated. A
‘ Fmally, an attempt is made to use the CPG Oxme column equthbrauOn /AAS b

method for the detenmnanon of [Caz*] in unne by measurmg [Ca2+] in dﬂuted urme

o~ . ‘ i
! R ¢



samples, and then extrapolatmg té thc [Caz*'] i the undlluted unne Thc study shows that‘.' WA
‘ fthe dllutxon method is not sultablc for tlus purpose Dctermmanon of [Caz*] in unne o R
: rcqu1res the usc of an lmmobﬂxzed hgand whxch is a weaker complcxmg agcnt for Ca2+

) __than 5-phenylazo—8 hy‘droxyqumolme

R
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 CHAPTER ONE

INTRODU_C"TION

Many elements are present in. env1ronmental or blologrcal samples ina varrety of i

- physrco—chermcal forms (specres) The dlstnbutron of an clement among these specres

can affect its bioavailability, toxrcrty, bloaccumu]atron and transport Measurement of the

T tota] concemratmn of each element does not provrde enough mformauon on these

processes In order to obtain meamngfu] data, it is essenua] that chermcal spec1at10n '
techmqt!es be apphed 1o deterrrune each specres formed by a parucular element (1) In |
- . thjs thesxs the term "specratron ~will refer to deterrmnatrons of one or more of the
' _drfferem spec1es of an element (l 2) | |
. I.l_-::TRAC‘E METAL SPECIATION : § ®.
In envrronmenta] analysts mterest is often dHeCted to-trace heavy metal specratron '

: 1n naturaI waters (1-4). Thrs reﬂects the i 1mportance of these eIements as common

o vpoIlutants and the complexity of thelr spec1es drsmbuuons

I8

The roIe of varrous species of heavy metals in natural waters has been drscussed rnl
o many hterature arucles and books ( l 4). There are two maJor reasons for perfom‘ung -
'b trace heavy metal specratron studres B o | . | » |

. (A) The brologrcal actrvrty of a rnetal can vary wrdely from one chermcal specres to -
" vanother For example, in the case of toxicity, it is believed: that the free (1onrzed or ~ o
| hydrated) copper (1]) 1on 1s the form most tox1c to aquatrc hfe (1- 5) However ‘metal--
‘hgand complexes of copper (H) and copper (II) assocrated w1th collord partrcles are less

' toxrc As another example the toxicity of mercury (H) to humans depends upon the form

of mercury (II) Methylmercury 1s much more toxrc than hydrated mercury (H) (1, 6)



. (B) The transport and fate of heavy metals in water systems is. of 1mportance to the .

' control of pollunon They may depend markedly upon the dJstrrbunon of the metal -
. ‘between the water 1tself and suspended paruculate matter w1thm it, and on the d1fferences .
in physical pro;x;’:es such as volatrhty and solubrhty for vanous specres of the metal -
present It follows therefore that the efﬁcrency of trace heavy metal removal by .
chermcal or brologlcal treatment processes may be mﬂuenced by the specres dJstrrbqun o
of the metal. o N ' o

Many analytlcal techmques have been developed to study the chermcal specres

. drstnbutlon especrally of trace metals in waters (l 6) Baswally, there are two different
approaches to chemical speciation. The fust mvolves calculauon of the equrhbnum o
concentratrons of all the metal hgand specles usmg known values for totdl metal and |

\' .
ligand concentrauons and pubhshed values of the relevent metal lrgand stabrllty constants .

: (1,7.8). The second approach is expenmental whrch 1ncludes a few measurement

: 'techmques such as ion- selectlve electrodes (ISE)(9 lO) and anodrc stnpplng voltammetry }
(ll 13) as well as separatlon techmques such as dralysrs ult:raﬁltratlon (14 15) and i ion- - '

exchange/chelauon (13 16- 23)

12 CALCIUM SPECIATION :
Calcium i 1s.one of the major constltuents presentin natural waters and blologrcal -

~ fluids. Amon g various ionic specres in natural waters, calcrum plays an- 1mportant role in

carbonate deposmon in the’ oceans (24 25) Many | papers. on thrs toplc have been mcluded R

_ 1n the conference proceedm gs edrted by Gould (26) and Jenne (8) However most of the

. calc1um specratlon studies have been devoted to clxmcal or biomedical investi gat10ns

| Thts is because calcrum is well known to physxologtsts an

X 1ochermsts as one of the '
.,_most 1mportant bioelements (27) It has a.lso been realized tha in many btologlcal ‘

o systems only the free (1omzed or hydrated) calcrum ion ha ;physro‘loglcal- acnvrty. This o



’ :was ﬁrst demonstrated by Mchan and Hastrng (28) In thts thesrs Ca2+ wxll refer to the :-. R

' fneecalcrum ion. =
R .

L1210 THE ROLE OF Caz’ IN BIOLOGICAL SYSTEMS |

N ’I‘he free ca]crum 1on 1s 1nvolved in v’anous physrologrca] and btochemtcal

,'processes SUch as bone formatton nerve conductron cerebra] funcuon cardrac '

[

conducttOn and contractlon membrane phenomena muscle conu'actton and relaxatron

~

- 'blood coagulation, and enzyme acnvauon (29-32); in the mechamsm of calcium transport e

- and bmdmg (33- 35) and in krdney stone formatton (36, 37) Free calcrum ron values

have been shown to be rhore nelevant than total calcrum vaJues when studymg the _ -

. possrbthty of hypercalcaermc disorders (38 40) The advances in severa] ﬁelds of .

screnttﬁc research whrch relate to the mvolvement of ca]crum in the structure

' development and functron of btologtcal systems have been dJscussed and revrewed (4]- “ .

"45). In order to mvestrgate the rolc of Ca2+ in brologrca] systems 1tis 1mportant to

develop a practrcaI method for its measurement

122 APPROACHES FOR MEASUR!NG ca?

In genera] Ca concentranon ([Ca +]) in human unne and serum has been
reported 1o be about 50% of the total drssolved calcrum concentrauon (28 46 47) The
'four ma_]or methodologres for deterrmnmg [Caz*] are : (a) CaJcmm ion- selectrve '
: electrodes (30 43 47- 51) (b) Spectrophotomemc methods by using calcrum mdrcators
(43 51- 57), () Ultraﬁltratron (58-62); and (d) Cauon exchange (46 63- 65) In addition,

.cornputer programs have also been used to study sxmulated btologrcal systems (66)

I2. 2:1. CALCIUM ION SELECTIVE ELECTRODE METHODS
The ca]cmm ion- selectlve electrode responds to the. actrvtty of Ca®*i in soluuon Its

. major appltcatron is in the field of chmcal and btomedrcal analysrs (30 67- 69) smce most ‘. B

s . .
. [odR



E of thc bxologlcal proocsscs are thought to be dcpcndcm on the acuvuy, rathcr than the

conccntratxon of i 1omc spccxcs (30 68). Thcrcfore this tochmquc has some thcomueal
advantagcs which cou]d lcad to more chmcal]y relavcnt dma Rcccntly, calcxum )
. nuékoclccuﬁcs have also bccn dcvclopcd for measurement of 1nnaccllular Ca®*: acuvny
(48, 49,51,57 70) ' |
Thcre are a few commcrcxally avaﬂable calcxum 1on sclccuve clccﬂ'odes (67 69)
The Onon clcctrodc is probably the only one whnch has been mvcsngated extcnswcly fo'r\
| use in the clinical ]aboratory ‘The calcium jon- sclectwc clcctrodc has scvcral limitations '
| whcn uscd m bxologlcal ﬂu1ds Thcsc limitations are oftcn due to the follouhng reasons :
' FU‘SI thc lack of selectivity of lhe calcxum clectrodcs whxch cxpencnce 1ntcrfcrcnce by g
other canons such as magncsmm and sodlum (69 71 72) Sccond the cffect‘l.of vanable
1omc strength (68 69 73) and Juncnon potennal (69 74 75) An.d thrd the prescnce of

—blocherrucals or amomc suxfactants that may. mtcrfene with electrode pe:formance as well

(7681>

1222 SPECTROPHOTOMETRIC METHODS : ,. N

Bc51dcs ion- sclcctwc electrodcs calcium 1nd1cators appear to be most w1dc1y uscd
- for the dctcmunauon of extra- and mtra-ccllu‘f/ Ca Thcre are thrce major typcs of
calcxum 1nd1cators (1) Photoprotems such as aequorin (43 51-53, 57 82)
(i1) MetaHo_chrormc mdlcatordycs such.as murexide (43,51,54;55) and arsenazo I11 |
(43, 5:1 54 5:'/')" and (iii) Flluorc'scent indicators such.as quinb 2 (43,57). _ | |
| In these mcthod.s an md1cator hgand that forms a wcak but hlghly colored
_ ’complcx wnh Ca® s addcd to the sample under study. Changes in the lurmnescence ofa -
' photoprotcm thc absorbancc of a mcxallochromlc dyc or the fluorcseencc ofa
ﬂuorcsccm mdxcator is dctcctcd with suxtablc cqmpmcnt such asa photomuluphcr an: |
unagc mxcnsxﬁcr ora ﬂuon:scent rmcroscopc Like the ca]cnum 1on-.,clectw¢ clcctrode B

) mcthod, thc spcctmphotometnc measurements also have scvcral hrmtauons (51,83):



Co e

: a) The mdacator must not be bound to other metals or blologlcal substances, except for .
\; C 2 , nOT penetrate into organelles nor hmder cell structure andfunctmn o
’ “b) Dlsturbance of the natural equ1l1br1a mvolvmg Ca2+ due to the 1nd1cator must be

rmmrmzed, 1e.only a small fracuon of the Ca2+ (usually less than l%) may. be

¢
L -
-

‘ allowed to complex with the mdlcator _
"'c) The mdlcator and citlcmm-mdlcator complex must be soluble and stable in the
bxologlcal ﬂu1ds . - |
. d) Other mdxcator properues such as ac1d base properues compauble w1th the sample
pH hlgh punty and sensmve optlcal properues are Zalso i 1mportant '
_ . 122, 3 ULTRAFILTRATION METHODS _

. ) Measurement of ultraﬁltrable calcmm (ie. protem -free 1omzed plus complexed
' calcmm) is are common in analysrs of blood or serum than urine. It is an, altemat1ve
. approach to that of determiriing g _]USt Ca2+ but rmght prov1de a better mdex of calcium |
| .balance in certain chmcal condmonp (84) However due to technical lumfanons such as k
bcontarmnauon of sample 1n ultraﬁltranon (2) as well as a percelved lesser | |
- physxologlcal 1mportance of. ultrafiltmble calc1um thene are not many reports related to

)-..
]

- the measunement of uluaﬁluable calcrum

12.2.4 CATION EXCHANGE METHODS :_ |
The use of caUOn exchange techmques to detenmne Ca is based on. the approach

of Schubert (85) In lhlS approach the sample solutlon under study is brought to -

equxhbnum w1th a catlon exchanger t.hen the amount of calcium bound by the exchan ger 7 .

is$ eIuted and detemuned by elther EDTA tmauon (46 63 65) ora radlo—lsotope
) techmque (86) or ﬂame photometry (87) The concentranon of calcwm in the eluate is”

: 'hnearly related to the [Ca®*]in the original sample soluuon ‘ThlS techmque prov1des a:

"y
ﬁ%;

%
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I 'dlstmct advantage over the others It is non- perturbmg ahd can dbe used for measunng
| very low [Ca +] in samples contammg mterfermg met@ jons.and lxgands o oo o i -
o The canon exchange method is generally qurte ttme consurmng due to the slow
equthbranon The recent advent of the catlon-exchange column equtllbratlon techmque
| (19 22) provrdes a more rapxd and eas;er method for free metal ion detemunauon and it ,
 has been used 1o de\e{rgme [Caz*'] in urine (88) Unfortunately, _the ma_]or drawback of all
‘ cauon exchange spec1auon methods 1s that the sorppon of positively charged calcrum- N
*. containing spec1es (e g calcium- contammg labrle complexes) has tor be neglected The :
‘ihrrutatrons of the convennonal cauon exchangers have been dlscussed (22 89) Ithas . - R
been shown that they are capable of sorbmg not Only free i‘retal ion but also posmvely
. charged aﬁd even some neutral complexes Therefore, at present this method is strll :
‘ ”con51dered non selectwe for free metal ions in the presence of thelr catIomc and to some
extent neutral complexes . | | | | o
13 BACKGROUND ON CONTROLLED PORE GLASS OXINE
‘The lack of selectmty of convenuonal cation- exchange resins has led to the ’_
'development of chelaung ion exchange resins (90) Chelatmg ion exchange resms were
- first 1ntroduced by Gnegor and his associates (91) The mtroductlon of spec1ﬁc _‘
B complexmg groups onto silica or- polymenc mamces makes them capable of selectwely\

coordmaun g or chelaung with one metalhc element in the presence of others under

N certatn experimental condmons (90 92). A varlety of commercial chelatmg sorbents have

LA R

:been synthesrzed and applxed to vanous analyucal problems (90 93). - o
| Oxrne (or 8- Hydroxyqthholme or §- Qumolmol) is a well charactenzed lxgand |
'V‘Whlch forms complexes wrth over 20 metal ions (94 95) Oxme 1mmob1hzed on srhca gel -
or gla~s has been used for applrcatlons suchas: (i) Removmg trace concentrattons of -

heavy n\etal jons from electrolyte soluuon (96) (11) Preconcentratmg trace metal ions

LR
-



' pnor to thetr quanntatlve measuxement (97-105),',and _giii) A co-lu_rnn packmg ':rnaterial for. ,. ‘ '
: chromatographxe separatxons (106 110) o e : | .
' . A number of workers have 1mmobtlrzed oxine on controlled pore glass via covalent |
bondmg Ih Table 1 I are summanzed SOme propernes of the resulun g sorbents The |
- pamcle sxge pore dtameter and specrﬁc surface area all refer to the undenvauzed |
controlled po;e glass stamng matenal 'The apparent capacrty refers to mtcromoles oxme
per gram'of denvatrzed controlled pore glass, and method refers to the chemtcal -
| techmque used to measdre the apparent capac1ty The measured appare\t capacmes range
| from about 3 to 390 ttmol/g dependJng on synthetic. procedure pore’ size and specnf ic -“\
. surface area 97,1 1 l 1 14) In addmon as wrll be dtscussed later in thts thesrs not all of- |
the methods crted yxeld the COrrect capacrty value (See Chapter THree e) |
There are several advantages 1n using controlled pore glass lmmobthzed oxine : (a)
s lHrgh mechamcal strength (l 11 ,115); (b) Good swellmg stability- (requrred for use in high
..pressures and conunuously changmg solvent composmon often encountered in quu1d |
' A chromatographtc systems) and (c) Fast metal sorpnon/desorpnon kmencs The last two
advantages are probably most 1mportant in- companng conrrolled pore glass 1mmobthzed
B ’oxme w1th many organic polymer-based chelaﬁng ion exchangers 97, 99,101,103, 104
: lll 112,116, l 17). The two main drsadvantages are, (a) Extended operatton at htgh pH
results i 1n n ydrolysrs ofghe glass substrate and cleavage of the bonded phase (99, 108 |
118) (b) Because of its relatrvely low capacrty, controlled pore glass 1mmoblllzed oxme s
can- be used only for samples contammg i‘.irher trace or low level concentrattons (97 103
111,112,118). | |
. One of the mo$t frequently used commercrally aéarlable matenals is manufactured e
by the Prerce Chemrcal Company w1th the name "Controlled Pore Glass- Oxme" Iti is the
%rmatena] used in the present reported work and will be referred it as CPG Oxme The
V.preparatron of CPG Oxme has been descnbed (1 1 8). Oxme s azo- ltnked to ‘an arylamme

whrch is coupled to controlled pore glass via 'y am1nopropy1trrethoxysrlane The structure -
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- of CPG Oxme is shown in F:gure 1 l in whxch 1[ 1s seen that it 1s n:ally not oxme but -
; rather the denvanve of 5 phcnylazo—8 hydroxyqumohne (5-P-0xme) wluch is

unmoblhzed on the controlled pore glass

R S

14 RESEARCH OBJECTIVES : B N S
Numerous studxes have been done which demonstrate the uulny of oxme bound to - s
. conu'olled pore glass in- preconcentranon and separaung metal ions (96 98, 100 101 104
.. 105) Other studres demonstrate the dependence of metal ion sorption on solutxon o ' .
propemes such as pH (97 100, 105 118) However little has been done to prov1de an |
understanding of the underlymg physrco chermcal pnncxples which explain this
: dependence on solunon properues Therefore one ob3ect1ve°of this thesis is to prov1de
such a basic understandm g in the form of a sorpuon model for Ca2+ on CP(: Oxine
} : Wthh quantnauvely expla«ﬁrs Lhc dependence of Ca2+ sorpuon on both soluuon pH and
¥ ionic strength The sorptmn modé’l is based on the lomzable surface group and "sne-
- binding" modeIs (121 124) wh1ch mvolve Lhe electncal double layer theory (125) ThlS
'I SUb_]CC[ is dlSCUSSCd in Chapter Three. ®
A second object of this thesis is to see whether CPG- Oxme can be subsmuted for a
_v cauon exchange resin in Lhe column eqmllbrauon /atormc absorpuon techmque to more
- _selecnvely determme [Ca *] in aqueous solunon in the presence of a vanery of charged
klneucally labile metal hgand complexes of calcrum This subject 1s dxscussed 1n : |
Chapters Two and Four L * i _ S
In Chapter Frve the feasxblhty of applym g the CPG Oxme column equlllbrauon / : |

atomxc absorpuon method to the deterrmnanon of Ca2+ in urine 1s cxplored '

L
T



‘Fjgur'e“j‘..i: Structure)of the' |mmob|l|zed der:vat:ve of

5- phenylazo 8- hydroxyquwohne



CHAPTER TWO

Lo
. V‘

‘k

L

: . 5 4 ;
t CHARACTER!ZATION OF CPG OXINE / ATOMIC ABSORPTION
: SYSTEM FOR FREE CALCIUM DETERMINlﬂ‘ION

. In this chapter the pnncrples underlymg the column equxhbrauon techmque are .
prescnted. The apparatus used to measure Ca®* by the column equﬂxbra'uon method i is.
descnbed The conditions to be used' for loadang, washmg and elutmg the CPZ"? Oxme
column are detemuned Calcium sorptxon 1sotherms are measuxed in order to deterrmne o

trace loadmg conditions.

The pnncrple of the column equlhbraoon technique for de%rmmng the
concentrauon of free meta] ion has been presented for the case in which a sulfonated
~cation exchange resin is the sorbent (19) By analogy, when CPG Oxme is the sorbent,
the Ca —contmmng sample and standard soluuons must be made to have the same mert
salt concentrauon and the1r pH must be controlled ata value equal to the pH of the .. \ :
sample | ‘ | .'

Consxder a metal ion (M"*) and a hgand (L ) fonmng a series of complexes ina _‘

test SOlUl]OD M —I:-> ML —L—‘- ML = ML {For s1mphc1ty, charges on the

oy :
zcomplexes are 1gnoned) These metal-contmmn g complex specres can bc either kmeucally
"lablle" or mert and all the lablle specnes and/Mn+ are in rapldly reversxble equlhbnum
wnh one another Therefore thc techmques employed in the deterrmnauon of M"+
only allowed thch do not srgmﬁcantly perturb all the exrstmg equlhbna in the soluuon

The theor 7 of the column equxl)brauon techmﬁe is 1llu.,strated in Fxgure 2.1, Wthh

l

B “’%@
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NtmLolves passmg thc test soluuon through a known wetght of a sorbent such as. CPG-
Oxme (Fxgure 2. 1a), until the total metal concent:rauon in the efﬂuent (Cc) is the same as :

| that of the test. ﬁluuon (Cl) Thrs concept is ﬂlustrated by the "breakthrough curve in.

Flgure 2. lb whxch is:a plot of Ce/Ci ratio y _ers_u_s volume of column effluent At the h -

: mmal loadmg step, where Ce < Cj, the. breakthrough curve shows that the Ce/C1 < 1. As o
‘the loadmg is cont:mued, ethbnum is estabhshed between the CPG Oxme column and

metal ion when Ce=Ci, ie. the plateau of the breakthrough curve at. Ce/Cl =1, whrch is

so—called complete breakthrough 'I'hus the CPG- Oxme in the column has been brou ght '
| , v,to equtlrbnum with the unpcrturbed test solution: In other words the CPG Oxme is 1n

| equxhbnum with a soluuon in whxch no metal specles of any form have been taken up by

. the sorbent For the sake of sxmpllcrty, consrder a monobasrc ac1d (Hl:)\that forms a

' smg]e complex (Cal™) w1th Ca2+ The concept of non- -perturbation can also be
understood by the equ1l1bna presented in Frgune 22:A Ca2+—conta1mng solutron 1Is

o pumped through a CPG Oxme column until complete breakthrough of Ca2+ has occurred
and equthbnum has been. achleved between OX and the unperturbed sample solutlon

: After a-water wash the ca]c1um %bed on the column is eluted and measured by atomlc
absorption spectrophotometry (AAS) .

Flgure 2.3 presents the loadmg washrng, and eluting proﬁle for calcium. The.
loadmg profile, recorded d1rect1y on chart by pumpmg a Ca?* solunon through a CPG-
.Oxrne column directly i into the AA ﬂame showed that equrllbnum is estabhshed when _
the Ca®* loadtng signal has reached a plateau value equal to that expected from its total
concentrauon 1 e. the Ca* has completely broken through and the composition of the
column efﬂuent is 1denueal w1th the mﬂuent After sw1tch1ng to water for column |
. washing, it was found that about 0. 8 mL- water was required in order to establtsh a ﬂat
| AA base hne srgnal watchrng 10 eluent (dtlutcd acid) then produced the AA peak for

: :ca]c:um cluted from the CPG Oxme column Itis mtenestmg to note that the. breakthrough

23
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Eqb%neof glass surface

——_ K. —_— Ka‘l

© 0OX —ﬁ Hox ————,‘_'— H ox
”51 | i
S ] ceowt

Where the ber lndlcates o speCIes in. the v1c1mtg of the glass L
surroce o @

‘“ﬁ "Keyq IS the acid dlssoclotion constant for protonoted bound-

"‘,oxme(H OX) -
= K IS the acm dlssocmtlon constant for neutrol bound

oxme (HOX)

4

\

, o |
ﬁ, is the stobmtg constont for Coox' complex ossumlng
RS COmDIexatlon ‘%‘E _-

Figure 2.2 : Diagrem of Ce?*

equmbrio in somple solutmn and
?PG Oxme colu
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| Flgure 2.3 Loadlng washmg and elutmg proflles fora 40 mg

_ o CPG -Oxine column loading with Ca2+ '



 for Ca2+ on CPG-Oxmc appcared almost mstantly, whrch is contradtctory to thc slow |

rcachmg cquxhbnum in the thcorcucal plot of Fxgurc 2 lb Howcver thts docs not 1mply

thc CPG-Oxtnc column has rcachcd ethbnum mstantly bocausc a vcry small change

e
—_—

- ‘, from Cl to Ce dunng thc loadmg step may not contnbutc toa srgmficant changc in thc
absorbancc of the AA sxgnal The column cqulhbratxon rate may dcpcnd on a number of
- factors e.g. porc size- of CPG Oxme column size and a as wcll the kinetics mvolvcd m S

thc column such as paruclc and film dxffusmn (128) “These subjccts anc dlscusscd latcr in’

‘ Section m32. Do SR .
In thc column cquxlrbrauon tcchmquc 1t is dx;srrablc to mamtam trace loadtng R

B condmons such that Wt cqulltbnum only a small fracuon ( < l% ) of the bound oxine

groups are coordmatcd to Ca?* a J _

((GOXY << [HOX) + [OK) + [GOXT) @i

“The disrﬁbution c‘ocfﬁcicnt-‘:for Ca®" is dcﬁn'cd as

“ .7L ‘ Molcs of Sorbcd Calcrum per gram CPG Oxrnc O
o] = e ) (2.2) : S ! ;
' ; [Ca y S e T e
' Under condruons of constant pH constant jonic stren gtlx(c) and tracc loadmg, the valuc .
- of X 1s a constant whlch can be mcasurcd by the column equilibration cxpcnmcnt usin 8.
a standard of known [Ca2+] wrth the same pH and cas thc samplc soluuon (Sccuon

II 2. 6) As [Caz"] in the samplc or standard solunon is madc largcr and lafgcr [CaOX* |
mcrcases propomonally and 7\. rcmams constant undx:r thc traee loadmg condmons

Evcntually, tracc loadmg will bc cxcccdod Thc cffcct of thrs is thc same as would bc thc
cffcct of dccncasmg thc bound oxmc capacny G%”om ). It causcs 7L to dccrcasc with

-‘/V‘ s

mcrcasmg [Caz*'] 6 . . .'?g.t R



12 EXPERIMENTAL: . = J
L2 CHEMICALS AND 'REAGENfs”-/ |
CPG Oxmc (Plcrcc Chcrmcal Co ), batch 071982 81, wnh partxcle dlamctcr 125 -
| 177 Hm and pore dtametcr 50 nm, ‘was used throughout the. studxes in this chaptcr
| All soluuons were prepared with doubly dxsullcd water that was dctomzcd by
. passmg through a mtxcd bcd ion cxchangc resm column (Amberhte MB 1, analyncal ' .’
' '-n:agent Mallmckrodt Inc Pans Kcntucky) The doubly distlled- dcnomzcd water was .
also used for column washing in all column cquthbranon expenments
Calcxum stock solutxons were prepared by dxssolvmg analytrcal gradc CaCO3
‘ (Brﬁsh Drug Houscs) in perchlonc acid. _ ‘ ‘ N
| 4-(2- Hydroxycthyl) l-pxperanncethancsulfomc acxd l-IEPES 99% (Aldnch
C'hermcal Co.); was used as a buffer.: »
Sodtum pcrchloratc (hydratcd) NaClO4 HzO (G Frcdchc Srruth Chermcal Co )
-and potassmm chlondc KCl (Ftsher Sc1ent1ﬁc Co ), both reagcnt gradc were used as.-
) thetnertc]cctrolytcs e e o S - |
NlmC acid, HNO3 (Brmsh Drug Houses) analyucal reagcnt gradc was uscd to
lpreparc the eluent /
.
Sodiumn hydrox1dc NaOH (Bnttsh Drug Houscs) and pcrchlonc ac1d HClO4
(Brmsh Drug Houses) both analyncal reagent grade, were, uscd to adjust pH o L
‘ Magncsmm stock solunon was preparcd by dxssolvmg magncsxum nbbon (FlShCl‘
: Sc1cnuﬁcCo“)1nHClO4 T IR

122 COLUMN PREPARATION :
The CPG-Oxmc parucles are omnge in color Thc. commcrctal matcnal ongmally e o

contamcd some opaquc whxte paruclcs whtch thc m‘anufacturcr bcltcved were -
N - : '

-



- undenvauzed glass beads (1 19) Before packmg the CPG-Oxme column most of the
| opaque pameles were mdmdually removed after spreadmg the matenal ina tlun layer .
- Then the fines were removed by repeated suspensnon and decantatxon with water; The
cleaned CPG-Oxine was)atr-dned and ready to be used o L
' Three CPG Oxine columns approx1mately 1 cm, 2 cm and 4 5.¢m, were used in.
~-this chapter The preparauon of the 1 cri column is descnbed in the. followmg procedure :
An 11 mg amount of CPG Oxtne was weighed and packed into a 5 cm length of |
'1 S mmid. Teflon tubing ﬂared at both ends (Flgure 2.4). Th1s leng:h of tubmg was
requ1red to accommodate the Chemmert end ﬁmngs (LDC) The 11 mg CPG Oxme was
'slurry packed into the tube as follows Approxlmately 2 mm Iong glass fnts were made
by dnlhng cores from a sintered glass plate (nommal pore 51ze 50 um). One fnt was
‘\pressed about 1.4 cm mto the tube’ and butted up agamst a0.8 mmi.d. Teﬂont};%tammg o
tube“ With [hlS inner frit in place a slurry of CPG Oxme was sIowly and carefully filled
mto the tube \mth a dlsposable pasteur captllary ptpette When a_ll the CPG Oxme was
| packed into the tub’e (about l cm long packlng bed), a second 2 mm long glass frit was
pressed Indo place. A tiny\space was left between the second g]ass frit and CPG- Oxme to.
avoid excesswely compac&ng | |

the packed bed

- n23 XPPARATUS' | | -
. ' | The operatlng syStem is shown in Fxgure 2.5. It S very sxrmlar to that prevxously | ‘
used w1th a ‘cation. exchange resm system (20), except the penstalth pump has: been -
- placed in front of valve Vl The vanable speed penstalttc pump (thpuls 2 thson

; Vxlhers le- Bel France) was ﬁtted wrth Clear Standard (PVC) tubes (T echmcon Corp.).:
' ',' One tube pumped sample (or standard) Ca v-contammg solutxon and the other pumped
e .erther water or eluent dependln g on the posmon of the 4—way Teﬂon shder valve Vi

B (CAV4031 LDC) Pump rates. were measured with a home—made ﬂow m_eter (leL_ '

'\
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buret) and stopwatch by divertin g the flow through another 4-way Teﬂon shder valve
‘ ‘V4 By means of the two coupled 4-way Teflon slider valves VZ and V3 the ﬂow from- |
euher pump tube could be dxrected through the CPG- 0xme colurnn whxle the othcr was _i
o dxverte‘deto waste A 10 HL Teﬂon shder mjecuon valve VS (CSV-2, LDC) was

” iconnected as necessary to mject standard Ca2+ solutions to obtain cahbranon plots of

calcmm peak helght versus moles of Ca2+ 1nJected (SchOn H 2. 6) A Haake olrculatmg
ther’mostat Mod%é{ZO was used to provide a constant temperature%t 25+ l°C for the
‘water Ja 2 et surrounding the CPG- Oxine column. ' ”

In the present studies, calcxum and sodlum concentrauons were momtor‘ed bya

I:/Iodel 4000 atormc absorpnon spectrophotometer (AAS) (Perkm Elmer Corp ) The
- ' penstaluc pump: rateand thc AAS condmons are listed in Table 2.1

_ Measurements of pH were made with separate glass and calomel electrodes usmg i

an Accumet Model 525 ngltal pH meter (Frsher Sc1enuf1c Co.) witha precmon esumated

5
I

.

; at+001 pH unit.
124 PREPARATION OF.'.TE-‘ST "S'OLUTIOI:Q'S?
| All Ca -contalmng standard solunons were prepared at the desired pH using’
- 0. 010 M HEPES buffer. HEPES does not complex thh Ca2+ (126) The total ionic
: strengths were adjusted to. the specrﬁed value by addmg the necessary amount of “
: NaClO4 Therefore ionic strength and sodlum ion concentrauon were 1dent1cal toone  f
_ another Blank solutlons were prepared sumlarly along with each set of standard b
A‘ | solutxons - ' - "\\ ' : .
The preparanon of 25 0 p.M Caz‘* in 0. 10 M NaClO at pl‘l 7.00 was descnbed as
follows 49 00 mL of NaClO stock solution (l 0 M) and 5 mL of HEPES buffer

5 | soluoon 1.0 M) were added 1nto a cleaned 600 mL beaker About 300 mL of water was
- added and the pH was adjusted t0.7.00 w1th dxlute NaOH Then 5 mL of Ca? dﬂuted
‘ _.vstandard solunon (2 50 mM.) was added and the solunon was tmxed by usmg a glass



Ta}ble’2.1 lnstrumental condmons fog. momtormg calc;um
| and sodium with the Model 4000 AAs,p |

................................................................

'i"'Wavelength | - : 422 7 nm (Ca), 589. 0 nm (Na
Spectral Slit Width 07 nm (Ca 0.2 nm (Na)
~Lamp Current - . 12 mA
Flame .. | P Ox|d|2|ng (lean, blue)
A_,,Acetylene Pressure“ | o 135 psig '
Air Pressure - o o 23 pS|g
Aspuratnon ,_.Rat_e s E e 3 4 mL/min - ,
Pumping Flow Rafe IR ‘3.4 mL/mm -
» Rebbrdé‘r Type | e Hewlett Packard
| SEUEE " Model 7101BM
. Voltage: Rangé;. : . R 'VVa'-ri_e_d |
) Chart Spéed S : : 12 cm/mm

S e e i T T L SRS St I

Sodnum was determmed by atomlc emnssuon (AE)

spectrophotometry

Rl
s
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rod The m1xture was then quantnauvely ttansferred intoa cleaned 500 mL volumetnc

. ﬂask dlluted to almost 500 mL thh water and shaken well The pH of the solutlon was
‘ /

' 'rechecked and read_]usted if necessary using small volumes of very dtlute NaOHor .
. .

B HClO The volume of the ﬁnal solution was ad_]usted to the mark shaken well and was
_ o . : i

" then ready to use. /,
L 2 5 COLUMN EQUILIBRATION PROCEDUuRE

 The Ca2+-c0nta1mng soluuon was ﬁrst pumped through the column via V2 and V3
“ (SOlld lmes in Figure 2.5). The time (or sample vqume) requtred for thig loadmg step
‘was determmed from the ethbratron study in Sectton II 3.2. The efﬂuent load solunon
Iwas diverted to waste through the flow meter via V4 (dashed ltnes in- Flgure 2. 5) durin g
:’eCIurhbmtton T e B Co ’, e
After equthbrrum was achleved V2 ahd V3 were swrtched (dashed lmes m Frgure

2.5) and the column was backwashed wrth/ water for about 15 s to remove most of the

24

: 1nterst1tlal calcium solutron Next V4 was sw1tched to dlvert the washlng to the atomic

- ‘absorption spectrophotometer (AAS ) and the water washm g was continued in order to

‘remove the remamder of 1nterst1t1al solutron The total volume of water used for washm g,

'about 2.0 ml was detenmned from the column washing study i in SCCthl’l II 3 1. In the
present system, the wash water was sparged wrth N2 or He before use to remove

.dtssolved CO,.

After the water washm g, the absorbance of the spectrophotometer should be: zero.

(1 e.a base hne AA si gnal is establlshed) Then Vl was. switched (dashedlme m Flgure

L ’2 5) to the eluent (1% HNO3) to start the elunon step. Dilute HNO; is a surtable eluent ,

~ for calc1um its concentratlon is not crmcal because chelauon between Ca2+ and OX 18

 rather weak, Aft ter the elution was completed and the base llne was reestabhsed Vl was |

S
swrtched back to the wash posmon Valves V2 V3 and V4 were then swrtched back to

- their. mmal posmon for the next test soluuon



'I'he width of the asymmemc eluted calc1um peak measured from the point of ‘
,departure of the AA sxgnal from. the base l1ne to the point that it rejoins: the base line, was
about 8s. Quanuﬁcatlon of eluted calcium was based on AA peak her%t because o / - '
-mtegrated peak areas were found to be less pnecrse measures of peak size for these

o

narrow and asymmetnc peaks

s

. II 2. 6 MEASUREMENT OF DISTRIBUTION COEFFICIENT
' In order to detemnne the distribution coefﬁc1ent ( l ) deﬁned as Eq 2. 2 itis :
necessary tom v asure the number of moles of sorbed Ca®* on'a pamcular CPG-Oxine
: column under a constant PH and a constant 1omc strength This can be done as follows
(a) By using the column equ1hbrat10n method to determme the calcxum eluted peak helg‘ht
obtamed froma standard solutxon contamlng trace loadmg of [Caz*] at'the particular

~ pH and c.

' (b) By usmg the cahprlot of calcmm peak hexght versus number of moles of Ca2+ |
Wthh was ©Obtained under the same mstrumental and operatm g condmons o
determme the number of moles of Ca2+ sorbed on _the column correspondm gtothat
“eluted peak height. - | | . |

- © _Subsequently; the -numbe-'r of molesfof sorbed Ca2* per gram of CPG Oxme can be
calculated for the partlcular column used for the expenment th this calculated .
number and the known value of [Ca *’] l at the pamcular pH and c can be calculated :

"B‘y"Eq. 22,

The calxbrauon plot of calcium peak helght versus number of moles of Ca2+ can be

vobtalned by the ﬂow through method (127) The expenmental procedure was described
as follows A series of Ca* standard solutxons was injected separately via the 10 ne
1njecuon valve (Fxgure 2. 5) into the eluenrstream Wthh dehvered the calcxum plug A
1 :tltrough the column and then asplrated itinto the AA flame The eluted calcmm signal .v
“was. detected as a peak The width of the eluted peak must be 1denucal to the eluted |

1‘ »
N '
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', calcrum pcak obtained by the column equlhbratxon method wrth the same AAS and
-mstrumental condmons Fi gune 2.6is the cahbratlon plot obtained by mjcctmg 10 ulL of

B each of the standard solutlons contalmng 0.125, '0.250, 0. 500 1. oo and 1 25 mM. c;l2+

| I3 RESULTS AND DFI'SACU:_SSI(.)N_ L
131 ‘COL"U'MN 'WASHING :

’ Basrcally, the expenment was done by loadmg 420 x 1.5 mmii. d column

* containing 20 mg CPG Oxine (125 - 177 um particle dlameter) w1th Ca2+ soluuon for an

arbltrary penod of time, 4 min, then washing the column with water for various penods

of ttmes After that, the calcxum sorbed on the column was eluted and the peak hexght

' was measured The purpose of this study is tp ﬁnd the washmg condluons that will -

remove. Ca -contaJmng solution from the bed of CPG-Oxine and assocrated frits and -

tubing wrthout removmg Ca2+ that has been complexed to OX". The total hold -up

“ “volume of Ca -contammg solutlon 1nvolved is about 70 ]J.L

1

It is understood that the chelatmg between Ca2+ and OX 1s weak ‘Therefore it

was thought that washing the column with water contammg dlssolved C&z, and therefore |

-of a lower pH . might'be more likely to elute Ca that is complexed to OX~ than washing

~with CO -free water. Therefore the column washmg expenments were performed usmg

<

vboth ordmary untreated doubly d1$ulled-delomzed water and the same water Wthh ‘was
freed of CO by bubblmg w1th N, or He. A solutron containing 50 0 uM Ca2+ in 0.10 M

NaClO at pH 7. OO was prepared for the expenments

Table 2.2 presented the eluted calcium peak hexght as a function of volume of wash

_ water for both CO -tree and untreated (CO —drssolved) water. Two conclusrons can’be :

- drawn Fnst the mterstmal Ca2+-conta1nmg soluuon is washed out of the cqumn by less

than 1 mL of watcr Second neither the untreated nor the CO free water seem to remove :

sxgmﬁcant amounts of sorbed Ca?* up toa vo]ume of about 3 mL Thrs is seen from the

28

né
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Figure 2.6.: Calibration plot of calcium peak height Yersus moles of Cg?*.
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: Table_ 2.2 :

. 28

‘ :Effects of CO freeo'and untreated Water washmg on

—

the eluted. calcuum peak helght for a 20 mg CPG-

Oxme column @-»

é

J e e e i I i T T

‘Eluted Calcium Peak Height (c'm)" N

o

“Wash Vﬁiume (rhnL)}.‘v »COZ; F‘ree_'anter Un’,treatéd' Water

: a s
.........................................................

3801 3.8 £ 0.1
38+ 0.0 3.8+ 00
3.8+0.0 ©3.8+0.0
37100 3.8 + 0.1
3.7+ 0.1 3.8+ 0.0

------------------.---,-----------_---- -------------------

"~ Note :

The  value indicates the standard deviation.

L. >
&
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3 » fact that the eluted calcium peak herght rematns constant up to at least tlu%/olume
. Although this cxpenment demonstrates that it 1s not necessary 10 use CO free water in’

the washmg step, for most expenments in th1s the51s the wash water was freed of CO

' 'anyway In routme use of the column equﬂxbrauon method the column efﬂuent was e

" drverted to-waste dunng the loadtng step m order to prevent foulmg of the AA nebullzer«

<

or bumer by solutions contamm g hrgh salt concentratlons However itis interestin g to
can'y out the followmg expenments to find out what happens t0 the eluted caluum peak
height if the efﬂuent 1s not dlverted to waste. Dunng the 4 min loadrng the efﬂuent was - |
dtrected to the AA nebullzer the column was next washed for 35 s with. COz-fnee water
Upon elution wrth 1% HNO it was observed that the eluted calc1um peak herght was 5 l
cm in contrast to a peak hei ghtof'3.7 cm obtalned for the same load soluuon when the
load efﬂuent 15Qerted to wastc in the usual way This suggested that calcrum -
accumulates somewhere in t system when the effluent is- dtvened to the nebuhzer To »
venfy tlns the cxpenment was repeated but after the water washxn g step the pump was
shut off the column was removed from the system and the column influent and efﬂuent

tubes ‘were connected together When l% HNO3 was pumped through the system w1th

'the column removed, a lcm eluted calcium peak was recorded The pump was shut off -

B agam and the Column was xeplaced Eluuon of the calcmm sorbed on the: column gave a

. peak herght of 3.8cm, Wthh 1s\klose to the peak herght obtained in the experiment i 1n

_whxch the efﬂuent 16ad solutlon is dlvened to waste. These results suggest that when the

effluent load solution was asplratcd directly i into the flame Ca was depos1ted

| : 'sOmewhere probably along w1th the resrdual of NaClO in t‘he AA nebullzer or bumer

equllrbratJon expenments must be camed outin such a way that the efﬂucnt is dxverted to

Thrs resxdual calcxum was dlssolved later as the column was elbted w1th HNO

| Consequently, the cluted calclum peak herght was increased. Therefore all column

fwaste durmg the loadm g step, in order to avoxd either foulmg or deposmon of metal
. Ve

J 'nemdues in the AA nebullzer and burner N



II 3 2 COLUMN EQUILIBRATION (LOADING) '
The colurnn of prmcrpal mterest in this work contained 40 mg of 125 - 177 Hm

s partrcle diameter CPG- Oxme (45 x1.5 mm i. d ). In this study,rather than measuring the

i bg;akthrgugh g!grve as shown in Fxgures 2. lb and 2.3, the loading curv e was measured '

‘by loadmg the column for various times while dxvemng the efﬂuent to waste, then

. " washing w1th 2.0 mL of COz-free water and measuring the peak height obmned. when

the column is eluted with l% HNO . The ﬂow rate used for the loading step in most of -

the smdles was 3.4 mL/mtn The loadlng time (or volume) required to equrhbrate the
. ) column wrth Ca was detemuned by pumpmg the Caz”‘-contarmng load solutmns
‘ prepared at various pH and ionic strength valués. These column equtllbranon
&4 expenments were time- consurmng, therefore each run was performed wrthout
phcauon However ad min loadmg was carried out in between each run m order to

{check the mstrumental precmon Standard dewanon for the eluted peak hei ght obtamed

- after 4 min loadmg was about + O 1cm.

' Frgure 2.7 shows the loadmg curves for soluuons containing,25.0 uyM Ca2+

O IOM NaClO at pH 6.51%, 7.00 and 8..01,. It was observed that the calcium ‘loading ‘

g{h i au wvalue at-about 60.min. Th1s latter plateau is the true equrhbnum value. Loadm g
"i"':f.d%s were also studied as a function of ionic strength at a ﬁxed pH of 7.00. The results
are presented in F1 gureﬁ 8 which show. that the curves have the same general shapes as.

observed in thure 27. However, the time nequrred for equrlrbranng the solutlons

<

contamm g ionic strength less than 0.1 M was doubled(i. €. about 2 hours) Obv1ously
both Fxgures 2.7 and 2.8 siggest that the equxhbrattop{ate for the 40 mg CPG Oxme

column is very slow In orderto understand the cause of the slow equilib‘riu‘m and to
. < :

_ explain the shape of these loadmg curves, the following expenments were camed out :

The first expenment mvolved studxes of loadmg curves for a 40 mg column

=

,ucontarmn g smaller dlameter parucles of CPG Oxme The cleaned CPG-Oxtne (125 - 177 a

!
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’ um pa.rucle drameter) was ground and sreved to a parucle st range of 50 75 um

: '-When these pamcles were packed into the ordmary l .5 Mm id. column the res1stance to '

~ flow 1ncreased Therefore a column thh a larger dtameter was constructed 40 mg of

the CPG-Oxme were packed into an ll X3 mmid. Teflon tubm g ﬂared at both ends \ '

_i‘v"(Frgure 2. 9) Wthh was attached and sealed to two G nuts'(\‘LDC) by the splrt rings plus

epoxy glue Each end of the column was covened w1th a5 mm dxameter Teﬂon filter

o membrane (30 60 um pores) whrch was backed wrth a 5 mm Teflon end disc with a 2 :

mm hole throu gh its center Then both ends were connected via ordmary Chemmen end

: "ﬁttmgs (LDC) to 0 3 mm i id, Teﬂon tubes,Usmg the same penstaltlc pump settin gt
o ,iﬂow rate throu gh thls w1der column packed wrth smaller drameter parucles was 2 ‘
L mL/rmn mstead of 3.4 mL/mm Flgure 2. lO shows that the use of smaller parncles of

' CPG oxme gave no srgmﬁcant rmprovement m the equrlrbratron rate as compared to the

i colu‘mn wrth larger parucles Therefore thrs suggests tHat the equtlxbrauon rate is

mdependent of the parucle size of CPG- Oxme

‘ The second expenment studled the effect of column srze on'the equtlrbrauon rate of

' CPG Oxme A lO x 1.5 mm 1 d column contammg 11 mg CPG Oxine’ (125 - 177 ym

particle dlametgr) was used in this study The ﬂow rate for the loading step was 2

'mL/m’ng Frgures 2, ll and 212 show the loadmg curves for 2.50 uM Ca®*in 0. oIoM
. NaClO4 at pH 8. Ol and 25.0 uM C’aé* in 0.10 M NaClO4 at pH 7.00, respectrvely ThlS )

column comple{ely reached equrhbnum in only about 4 min, and 1t was very much faster

. than the columns contarmng 40 mg CPG- Oxrne The large increase in equlhbrauon trme

-‘-/

.-for a relatrvely small (e g 4 umes) mcrease in amount of CPG- Oxme in the columnis

- surpnsm g. It was thought that it mrght somehow be assocrated wrth slow diffusion of the

) ﬁrst encountet;s“déb glass. surface lmmg the pores it reacts w1th acrd~base groups to

' speéres Ca?; HEPEvS‘y and Na mto the pores of the CPG-Oxine pamcles When HEPES

: 1omze them‘ ﬁ‘hrs mcrease in surface charge densrty requrres a readjustment of HEPES

'and._Na:_ % the pores wrth reacted HEPES diffusing out. and fresh HEPES and Na
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JFigure 2.11: Loading curve for Ca in 0.010 M NaClO, at pH 8.01 on the -
K 11 mg CPG-Oxine (125 - 177 um $article size) column.
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: defusmg in. In order to understand thts plvmenon the third and fourth expenments -

: charge has reach its maximum value but the ionic stren gth near the surface is lower

LI

were performed as descnbed bclow :
@
The third expenment camed out by loadmg the -40 rng column (125 177 pm.

. paruele drameter) w1th 0.10 M NaClO,, contatmng 0. OlO M HEPES at pH 7.00 for

various periods: of t1rnes ‘Then the column was washed for 18 min and cluted wnh 1%

HNO mto a 10 mL volumetnc flask. The sod1um con'te/\, was analyzed by atomtc

emission mode on the Model 4000 AAS. A eahbrago curve was pared from NaCl in

1% HNO The results presented in Table 2.3 show that tl}e amount of sorbed sodium °

mcreases w1th mcreasmg loadmg ume This suggests that the dtfquton of Na from the
bulk solution mto the d:ffuse layer of CPG-Oxine is probably very slow '

The fourth expenment was done by ﬁrst loadtng the same column thh 0. 010 M |

- HEPES # pl-l 7. OO for vanous periods of Eimcs and then loading thh 2.5 uM Ca2+

0.10M NaClO4 at pH 7.00 for 4 rmn column was next washed for 35 s and eluted

B wrth 1% HNO,. The results presented h Table 2.4 shows that the eluted calcmm peak

'hetght decreased with i mcreasmg loadmg time of the buffer and then remamed constant

after 60 min loadmg It agreed wnh the load.tng curve in Figure 2.7 and therefore

,suggests that the diffustion of HEPES buffer from the bulk solution into the dlfquC layer '
- of CPG :Oxine was also very slow

Expenments three and four suggest that the slow rate of equthbrauon in the 40 mg -
column may be caused by the ttme requxred for HEPES or Na to dtffuse through the
pamcles While this phenomenon would have to be mvesugated more fully to be

understood, the results. of expenments three and four suggest that i 10mzanon ohhe

’ Vsurface groups by HEPES may occur more raptdly than Na* s@hleves 1ts ethbnum

concentration in the pores. Thus before the system is fully equtltbrated,— the surface

. _than 1ts cquxhbnum value Thts would‘lead toa lugher surface potenual Wo (See



/ o 10 M NaClO contammg 0.010 M HEPES buffer at
pH 7.00 for Var10£§ penods and washed for 18 mm .

©
NaClO Loadmg Tlme Moles Qf Na" Eluted
4 min . 4204 408
30 min | 1.96 x 108
60 min 272 x 10-8

...................................



Jz'l'vébl'e' 24 Effecff ‘of pr:-bufferiloading time on the ‘eluted | |
& calcium peak height obtained after 4 min loading of
Caz* solutlon containing 0.10 M NaCIO at pH 7.00 on

_'the 40 mg CPG-Oxine (125 - 177 pm partlcle s:ze)

column

----_-----------..-_._-----------'.-------------- .....

4  min 2.‘9‘:t 0.1 cm
30 min 2.7 cm
60 min 2.5 cm
90 min 2.4 cm
/

Note : The t value indicates the standard deviation.
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’ Chapter Three) and thus t0 the sorpuon of more Ca2+ than_‘would eV‘entua-lly be sorbcd at
equlllbnum : i . E
The exact reason for the 40 mg column approachmg equﬂxbnum so much more " )
slow]y than the 11 mg colurnn 1S not known but rnay have to do with the extent to Wthh '
:the sample solutlon is shrfted from 1ts lnﬂuent composmon (ie. pH HEPES, Na and |
2+) in the early stages of the loadmg operauon Further work is necessary to- fully

- understanding the ktneucs of sampl'

1133 COLUMN'ELUTION

Dxluted HNO was used as eluent It works by protonaung the OX groups to

form HZOX" thereby elxmmaung the lzgand -active oxme specnes OX". In previous work
it was found that 1% HNO readily eluted Cu2+ from a strong cation exchan “e resm

column (22) é”herefore 1% HNO was used throughout the expenments in this thesrs

In fact the eluent concentration used for elutJng the sorbed Caz* from the CPG- Oxme

column is not cnueal because the chelating of Ca2+ by CPG Oxme is @lanvely weak and

.

OX is'a relauvely weak base which is readtly protonated
'113.4 CALCIUM SORPTION ‘BEHAVIOR : N
N In this study, the columns were loaded completely to equ111bnum The flow rate

used for the loadmg step was 2 mL/mm

11341 SORPTION ISOTHERM: E

. A testof whether trace loading conditions have been achieved in the column
equrhbratlon is t0 see whether the dtsmbuuon coefﬁcxent (A is mdependent of [Ca®*]
with load solutxon In other words trace loading conditions prevatl inthe hnear region of

the calcium sorptron 1sotherm In the present study, the calcium sorption 1sot-‘herm is
- V';v‘---. o ’ -

o



- obtamed by measunng the moles of calcmm sorbed ¢ on theCPG Oxmc column at :
' ethbnum @in tcrms of cluted pcak hexght) at vanous conccntranons of Ca2+ m the
| standard soluuons wuh whxclnhc column has bcen cquxlxbratcd | »
| Fxgu.r(s Al-Alli in Appendlx I present sorpnon 1sothexms for calcmm on .
columns contammg either 11 mg or 40 mg of CPG Oxme ( 125 177 Mm pamcle
- diameter) at various combmauons of soluuonlpH and ionic strength. The purpose of
. these 1soth@ merely to 1dent1fy the linear regions so that future studies can be - '
'perfonned wnhm these linear neglons (i.e. under trace loadmg condmons) Thereforc the * |
| vemcal axis in these figures has not been converted to sorbcd calcxum concentrauon
(mmoles pcr gram of CPG- Oxmc) Wthh wou]d have requnred running a cahbrauon :
~_curve, like Figure 2.6, wn.h each 1sotherm measurcment The first pomt of interest in

: Fxgures A.l1-A10is. that the calcmm sorpuon 1sotherm is, mdeed 11near at lower [Caz*]

ST values Additional conclusxons from the 1sothennme best understood by reference 1o

Table 25in Wthh are prcsented the expenmcntal condmons used in obtammg the
1sotherms and the approxunate upper [Cazl] hmn to which the 1sotherm is hnear (*1 e.

‘ trace loadmg [Caz*J lumt) Companng entry #A.1 wnh H#A. 5 and compann g #A.4 with
#A 6-show thax at both high pH (8. Ol) and low pH (5 00) an 1ncreasé in ionic strength -
‘from 0 fh@ﬁ to 0 I0Mi Increases the upper lumt Comparmg #A 2 with #A 7 at pH -

'7 shows that, in contrast, m{gﬁ'easmg 1omc strength from O 10 M to 0 75 M has lmlc |

‘ -cffect on the upper hmn Companng #A.1 with #A.8 at pH 8. 01 and ionic strength 0.10 |
' ‘_ | 1\_1 shows that mcroa:s;nJg’ bthe size of the column form 11 to 40 mg has lmle effect on the |
: .upper hrmt Companng #A.4 with #A lO at pH 5.00 and i ionic strength 0.10M shows ‘
that using KC] in place of NaClO to adJust 1on1c snength has little effect on the upper
The ﬁnal conclusion to be dm"") from the data in Table 25 can be seen by

. companng #A.2 on all mg column wuh #A90na 40 mg column (a4 min loadmg ume

was used in both cases) It will bc recalled that in 4 min the 11 mg column has come



W 01 X6
W m.g xXG52
e PYTE Y
W0l x m.._w,
2,,..9.. xo0z
..ﬂ.m_o— X520
W0l x5y
_z,no_. X§9
. ﬂ..,&: X g2

W0l x5y

E:.B__Sow oc_vmo., asei) io; _&mo_

jo hwny BnaD xoan<

c_E\._E b

w09

uiw v

auny

"oI0EN R 010

"OI0eN W 520

0.0mz S o- 0

"OI0eN W 0100

Lo m

oc_xG 9do # 2:9&..
o zoaz _



Bt

completely to eqmlibnum (Flgure 2. 12) but the 40 mg column had not (Fxgure 2“7 and
2.8). Nev/ertheless the upper 11m1t is about the same on these two columns .

In all future stud1es except where noted expenments were performed thhln the .

hnear parts of the appropnate 1sotherm (1 e. under trace loading condmons)

11342 E'F'FECT OF SOLUTION pH : |
- In this study, the Ca2+ solutions were prepa?ad.m 0. lO M N aClO4 at various pH

values and each of thése solutions was brought to complete equ1hbr1um with thecolumn

contamm g40 mg CPG- Oxme (125 177 um parucle dxameter) The value of 7L at each

pH was calculated from the measuned peak hex ght via the ca11brat10n curve run at the |

same time (Flgure 2.6). Figure 2.13 i isa plot of l versus pH for solutions at a constant '

ionic strengm ofO 10 M. Smce there are no dlssolved hgands 1n these solutions, the I
observed 1ncreas? In l with pH'is assomated excluswely with the effect of pH' on bound
5- P—Oxme Smular behav1or has been reported for calc1um SOrptlon on 5111ca bound
(103). and. CPG bound (97) 5-P-Oxine, ‘and also for the sorptidn of other dlvalent metal

| cations (97,103,106,118). The mﬂuence of pH on calcxum sorption on CPG Oxine is
explalned in Chapter Three

w

11.3.4.3 EFFECT OF IONIC STRENGTH
o These expenments were carned outin an 1dent1cal manner to that just descnbed in

SCCUOI’] 11.3.4.2 except that the SOIUthH pH was held constant at 7.00 and the i ionic _ |

strength was vaned. In Figure 2. 14 it can be seen that k decreases markedly wnh 10nic

Astrength at pH 7 OO In contrast to the 1nﬂuence of pH, the mfluence of onic strength on'
metal ion sorption by u@nobthzed 5- P-Oxme seems to have been 1gnored or taken httle

into account in past studxes of metal sorptlon The physxco—chermcal ongm of the

mfluence of ionic stnength on calcium sorpt10n is also explaJned in Chapter Three

(?.-



e

Figure 2 13

A\

xE+03 (Lg)

A

0

By

Plot of k v;rsus PH for calcium sorbcd by thc 40 mg CPG Oxine
i

column under tracecondmons atc= O lOM



x E+03 (L/g)

A

Fi gurc 2.14;

1

Plot of k versus ¢ for calcmm sorbcd by thp 40 mg CPG Oxme '

column under trac\€ condmons at PH = 7. OO .L

s



11344 EFFECT OF MAGNESIUM ON CALCIUM SORPTION..

t"m

In solution, the log Bl values for chelate formation between oxme and Fe3+ Cu2+

2n2+ Mg2+ and Ca?* are 14.52, 12.56, 8.56, 4 74 and 3, 27, respectxvely (94). While 5-

' 'P—Oxme would have somewhat different vaj ' 33 With these metals one would

W% viih these metals would be smular to
L]

expect that the sequence of stabllmes for conff

- what it is for oxme Itis therefore expected that excess of etther Fe3+ or Cu®*, or Zn?*

b

would displace Ca2+ from the column Generally, however, in envuonmental and
btologtcal samples Ca is-present in much higher concentratton than most transition
metals and Zn2+ However Mg2+ canbea problem because itis usually present in
amounts comparable to Ca2+ In TablKZ .6 are shown the results of expenments »

performed at both pH 7. OO and 3.00 hi 1onlc strength 0.10Mi in which the mole ratio

of Mg2+ to Ca?’+ in the sample is vaned with [Ca?*) always bemﬁ in the linear Tegions of

) _,that under the trace loading condmons for Ca , the eluted calcium peak helght remamed
) almost constant in the presence of vartous [MO ! levels up to a mole ratio of Mg2+
3 .C of3 On the other hand, in Table 2.7 are presented the results of expertments
K performed at both pH 6.00 and 7.40 w1th 1on1c strength 0.30 M in Wthh the sample |

;contamed either-no Mg2+ or equal molar Ca?* and Mg2+ with [Ca ] at the non- hnear

regtons oflts.,lsotherm as 1ndJcated in thure A12 of Appendix 1. The results

vdemonstrated that under non- -trace loadJng condmons for Ca2+ the peak hei ght was -

reduced s1gmﬁcantly in the presence of M g2+ Therefore when using the column

Luhbratton technique to, measure [Ca2+] in the resence of Mg? ,1t 1s important to .
eq q P g P

mamtam trace loading condmons such that any interference due to Mg?* éan'be lgnored

1l4 CONCLUSIONS: .

s e ; ‘, : n

47

re

' ‘1ts 1sotherm as 1nd1cated n Frgure A 2 and A 11 of Appendix 1. The results demonstrated‘ .

<te
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Thc system anid cxpcnni‘cma.l conditons dcscnbcd in t}us study are uscd in lattcr '

chaptcrs of this thesis for mcasunng [Caz*] The IOadmg step in the column equxhbranon '

»
method should be _camcd out(m sucﬁ a way that the column effluent is diverted fo waste
in order 10 avoid either fohlin\gﬁr deposition of mété] residues in the AA nefulizer and

bumner. Untreatcd doubly distilled-deionized water is suxtablc for column washmg,

howcvcr CO -free water was used for n’%cxpcnmcms in thls thesis. The eluent used

for all cxpcnmcnts was 1% HNO

“The use of a short CPG- Oxme column in thc present system pcnmts ﬁastcr »

' cthbratlon than the long column. Howcvcr the equilibration rate may not be 1mproved

- by reducing the parncle size of CPG- Oxme in the long column bccause the kmcues o

. | 1nvo]vcd in the cquﬂxbrauon proccss of CPG Oxine are controllcd by thc dxffusnon of
S
" Na*,H%and Ca2+ from the bulk so]unon into the dlffuse double layer on CPG- Oxmc

Trace loadmg conditions (linear 1sothcrm5) for calcwm on CPG- -Oxine are rcqmred

in order to mamtam constant l and to prevcm any mterfcmncc due’ to the prcscncc of

}ugh [Mgz*] in thc samplc ﬁe;ut that the calcium sorption isotherms rcachcd their

- upper hrmts of hncanty at rclauvely low [Ca?"] undcr most condmons studacd restricts

~ the use of CPG- Oxmc 1o samples i in whxch the [Caz*’] is rclatlvcly low (e. g <10 M) ln , |

samp]es contammg > 10'4 M Caz" the [Ca2+] cannot be measured usmg CPG-Oxine. ‘An

1mmob1hzcd lxgand with a lower ' condmonal stabxhty constant for ca]cxum would havc

to be used for such samples.



CHAPTER THREE

PROPERTIES OF CPG-OXINE AND ITS/SORPTION, OF CALCIUM . -

(HLLINTRODUCTION: . . % T TR R
: : sk ,". ﬂ} .T:" . ..“. . \_;e‘ ‘
- The objective of this srudy is to determme the acxd base and Caz*tcam’plexa%(‘)n N

UL GRS S »“kfif:

behavior of CPG Oxine and to descnbe them in terms of the "10mzab’le sﬁrface gromp

Th

(121,128,129) and “site- -binding” models (121 124) EE S

It was noted above that the 1mmob1hzed oxme mcorporatcd on the surface of sxhca o

’ gel or com:rolled pore glass (CPG) is not oxine 1tse1f but rather ogg or another 5 v

-

phenylazo dcnvanvcs of oxme (99 104 107 108,111 114 118) In order to epraln the

d dependence of metal ion SOrpuon on soluuon pH and 10 suength ft lS 'j :

o neces'sary to know the ac1d base propemes of the bound 5-phenylazo 8- ’ ‘_

hydroxyqumohne - P-Oxme Figure 1.1). Spectmphotometnc measurememe on CPG-_-’ -
vame glve the degree of i 1omzat10n of the phenohc hydroxy] group as a funcnon of pH It -
’allows detenmnauon of the second acnd drssocxanon constant of the bOund 5 P Oxme N :
Capacity measurements combmed ‘with mforrnanon from potennometnc ntranon curves
and mrcroelectrophomsm permxt ca]culanons of surfacc charge densxty and surface '
a potential as a funcnon of pH and ionic strength | |
L2 THEORY : | o o o

5 'P-Oxme is'an arnpholyte contammg both a weakly bas:c heterocychc mu‘ogen as
_' wel] asa weakly acrdrc phenol group. In homogenous aqucous soluuon the degree of
| ionization of thc compOund depends on the pH of the solunon Howevcr 1in CPG Oxme |
u is the pH 1mmed1ately adjacem to the surface ( pH ) wtuch determmcs the dcgree of

1omzanon of the 5 P-Oxine bound to the surface The pH generally i is not the same as the

_
W“‘ :

51 .
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e

pH in bulk solunon (128 130 131)

“~

d

In prev:ods studaes (132). pH for smal]-pone dtameter (3 2 nm) CPG was related to

pH via the polyelectrolyte ‘gel model (133-136). In the present case, however the pores
in CPG- 0x1ne are 50-nm. In 0.1 M electrolyte th'e "thlckne‘s" (1/%) of the electrical
‘double layer near the' charged surface hmng the pores is 1 nm (125 137) so that solution

in the rmddle of the pores is uninfluenced by the surface potennal In [hlS case the

o v romzauon of the bound 5 P-Oxine can be understood in tenns of the ' 1omzable surface

group model". A
: In thls model the relatlonshlp between surface charge density. (00, coul/cmz) and

elecmcal potentta] of the charge surface (¥ volt) is given by the Gouy Chapman

’

o equatxon (121 137 ]38) which, at 25° C, has the form :

ZFy, 4 an .
. _ o o 3.1
smhf SRT ) 8._53_)(210 c c | (3.1)

where Z 1s the charge on the 1omzed surface group, R is the ideal gas constant, F is the

Faraday constant T 1s the abso]ute temperature and ¢ is the jonic. strength of the bulk

‘ soluuon The value of oo can be ca]cu]ated from the surface concentration of 1omzed
) \

‘ surface gnou}as (Q mmol/g) as follows

Op = 10002 R C (32
Y Asp _ |

- _ where ASp is the specxﬁc surface area (7 0x 105 cm2/g for CPG-Oxine, (1 15))

The potentxal ‘4’ at any d;stance X cm away from the charge surface can be.

&

caqulated (125) The sun/rhﬁed form o'f the relauonshtp whxch is valld at relatwe]y low

’ values of\V is’: -

5
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A‘o'- . | » E o o L g “—% »' 4 O E . ‘ - R ’/ ;, )
Yx = Vo ep 3295107y B3 e
%‘.' » /

When Op is constant changmg c‘alters v _u_YEq 3 1 whxch in: turn alters ‘l»’/ _\_/‘i@Eq.

1 . : i ‘H‘.. ,‘ . C
o ‘ . VAR ’ . - ’,

33‘,

The relauonshlp between the acuvny of hydrogen 1on at a dxstance X cm away from

the charge surface (aHx) and<in the bulk so]uuon (aH) 1s glven by the Bo]tzmdnn equation

7

(121128137 T BER

aH,X - aH : exp (- RT )

1 n - - . ' oh
= 4 N Co. O |

(3.4)

. A
B 5-;.

In homogeneous aqueous solition 5-pheny]azo 8 hydroxyqurnohmum cation has

‘ pKa] = 3 (for cation to neutra] spec1es) pK = 8.6 (for neuua1 to anionic. spec1es)
(]39) Subsmuents at. the 0-, m- and p- posmons of the phenylazo group do not change
. these values by more than + 0 7 units unless they are hlghly electron wnhdrawmg or -

: donaung (139). Thus by ana}ogy wuh homogeneogs solution behav1or covalently
o Tbound 5-P- Ox1ne is expected to havc pKa1 1n the range 25- 3 9 and pK a2 1IN the range
7.9-9.3, Deprotonauon of cauomc groups on bound 5-P- Oxmc Is. therefore comp]ele at

pH> 6 so that 5-P- Oxxne can be treated as a monoprouc ac1d at pH > 6, vis :

;
/4
)/

HOX + HO = X+ Ho+ o (3.5)'

.,',

The bar lndjcates a specxes in the v1c1n1ty of the charge surface (ie; the sxhca surface of
CPQG). The specws HOX is the neuual species, shown n Flgure 1. 1 The second
| dlssoaanon conStant corresponds to the deprotonatmn from the phenohc hydroxy] group

on the 8- h¥droxyqumohne moiety in the bound 5-P- Oxme and is gwen by (121, 137)

’



(3.6)

an

in which Ka.z is the acndxty quotient in terms of the bulk solunon ay. ‘While K, shou]d be

mdependent of\l’ . K}, varies with ‘4’

‘ The 'ionizable surface-group model” can be extended to descnbe "'site- bmdmg of -
counterions sﬂc; fonnanon of a mctal-h gand complcx betwccn the immobilizcd
. OX" species ahd Ca®*. Previous %wdencc suggests that Ca®* forms a 1:1 complcx wnh

bound OX". (106140141) S - SRR

GF + OX &= Gox* . (38

where the bar indicates a species in the .vié_iniry of the charge.—surfaéc. The stabilify

constant for the complex is :

— [CaOX7). ) '
Pro= —— 69
[0X7], ag »

The Boltzmann equation (121,124) nclatcs the acnvny of Ca2+ ata dastancc X cm away

' from (but closc to) thc charge-surface (ac.) 10 its acnvxty in bulk solunon (ac.) (121,124):



R ™)

. Thc_vaiuc of \Vx,is_ca]culatéd from the surface charge density c‘ by combining Eq. 3.1,
- which gives the surface potential ¥ o With Eq. 3}/—\ N Y

In the column ecgnhbranon experiment CPG- Oxine is fus,ﬂibrat’cd with bulk

soluuon containing: with an activity a-, and is thcn washed bfiefly thh water to’

remove bulk solunon from the pores and bctwccn the particles. The total numbcr of

mo]cs of sorbed calcmm pcr gram of CPG- Oxme (Ng )is dcﬁned by the expression :

Neo = [COX'LV, + ng, @31y
where VA 18 thc volume pcr gfam of CPG-Oxinc in a thin Iaye’r of solution located at a
distance x cm from the charge surface and [CaOX™ ], 1sczhe conccntrauon of comp]cxcd
ca]cmm in this thin layer of solunon [CaOX 1, can be cxprcsscd by Eq 3. 9 ie.

ICaOX*] = B [0X ], ag RERY
-where ag, is.given by Eq'. 3.10, and

ox, < S o @13

X

‘Substituting for EE,— and [ OX® ], in-Eq. 3.12 from Equations 3.10 and 3.1"3_givcs

—_ el v | 2Fy,
[CaOX™), = By =g 2E< aq, cXP(- =T . (319)

A
A



where | o = e S (3.5
, Kp +ay

. Wthh is the fraction of bound 5-P-Oxine 1oﬁ'xzed and Vom 1s the moles of bound 5-P-

. Oxme per gram of CPG-Oxine.

e quantlty n(_-Ji in Eq 3.11 is the moles of remammg dxssolved calcmm not -

com lexed by bound 5-P- Oxme in the pores of CPG-Oxine that are 1ncompletely

removed dunn g the water wash g can be expressed by the proportionality :

&

‘ e @ — : o (3.16)

—

in which 1/x is the thlckness of the dlffuse part of the electrical double layer (125, 137)

‘Durin g the washmg step, dﬂunon of e]ectroly;e in the pore solution decreases 1onic
strength, which causes an increase of V,. From Flgune 2.14 it can be seen that the

decrease in ionic strength mncreases k 'l‘herefore the amount of sorbed- (complexed) -

Ca% mcreases The distance into the pore solution, measured from the glass surface, thal

will expenence the effect of i Increasing Y (i.e. KO) 1s proportional to the thlckness (1/x)

of the diffuse layer before'washing 1s started.

A

xk a ? e 317
Eq. 3.16 becomes 4
N, =k R | S (318)

ahd

= [C&z+] YCa . ‘ | : . (319)



T

“where kisa constant.and 'Yc. is thc jonic actmty cocfﬁcxcm for Ca2+ Ftnally, Eq 311 <

_ can be combmed thh Equatlons 3. 14 3 18 and 3.19t0 give the cxprcssmn

| l ' ‘ F 2+ ‘YCa‘ ’ . »'
‘NCn Bl ox Oxm [Ca +] 'Yca cxp (’ RT ) + k [C 1/2 e (320) o o
c .

Thc dmmbunon cocfﬁcn:nt for calcxum 7& dcﬁncd by Eq 2. 2 as NC, /[Ca2 1. can

be obtamcd by rcarranglng Eq.3.20: ~ —

,q—/‘"

7 2Fy, o e . :
Bl ox \va ‘YCa cxp (' RT ) + k % . (32])

c o,

>

. { . ' ) ' e
Under condmons of constant pH, constant ¢ and trace loadxng, 7» is a constant The ‘

valuc of l is measured by the column ethbrauon cxpcnment usmg a standard solutxon '

of known [Ca ] and with the same: pHandc as in thc sample solutlon
\ ’ ‘ o

1.3 EXPERIMENTAL :

3.1 CHEMICALS AND REAGENTS‘ B

: CPG-Oxine (Plercc Chcrrucal Co ) batch 071982 81, called Batch A and batch

S .850605085 called Ba}c'h B; both batchcs wnh parucle sxzc 125 =177 ym, and pore L

s dJametchOnm \/ S T e ‘;‘:L;“

o Comrollcd Pore Glass (CPG) CPG/SOO is undenvanzcd from the Pierce Chemical

: Co batch 841 101081. It has a pa(uele size of 37 - 74 um-and pore dJamctcr of 50 nm.
Both CPG- Oxmc and CPG were washcd thh 1% HNO3, thcn nnscd with watcr

\ and air dned wnh vacuum sucuon pnor to use.



| All soluuons were: prepared thh doubly drsnllcd-detomzed water, SRET
CaCO HEPES NaClO H O NaOH, HCIO and HNO used in this study were

desenbed in Sectron 11.2. 1

Copper’stock solunon was prepared by drssolvmg copper foﬂ (Matheson Coleman(
and Bel],[Rlchmond N.J)in HNO

Iron stock solutlon was prepared by usmg analyuca] grade ferric mtrate Fe(NO )y
9H,0 (Brmsh Drug Houses) . 4 .
_ 0.1 M acetate buffer (pH 5.00) was prepared by ﬁrst addmg 6.804 g of sodium
acetate NaC2H30 HZO (Frsher Scxenuﬁc Co ) and 2. 87 mL of glacial acetic acrd
_HC2H302 (Fisherdf P 5. to about 450 mL of water. The pH was checked and’

..“ounts of erther NaOH or aceue acid. Frnally, the -

solution was dilute R w1th water Both chermcals were reagent grade. .

#.

Eluent used in the detenmnatmn of capac1ty of CPG- Oxine was prepared from - /

| : analytncal reagent grade hydrochlonc acid, HFI (Bnush Drug Houses) and HNO in the ‘
concentrations descnbed below \ | \

The 0.9 M ammomum nitrate (NH NO )/O 05 M ammomum hydroxrde (NH OH)
'buffer (pH 8.00) used for elutlng the sorbed C1” on CPG Oxine whs prepared by

combmmg suxtable quantities of the two reagent grade chemrca]s (Frsher Scientific Co.),

. _.drluung wrth water, adjusung to pH 8.00 by addmg either NH OH or HNO and ﬁnally
‘- dlluung to volume. . | v
' Buffers used in the spectrophotometnc deterrmnatlon of pKaz were prepared In the .
.‘pH range 6 40.to0 9 80 to contam 0.10 M ionic strength They were composed of vanous
combmauons of ana]yucal grade NaH2 2O . T. Baker Chemical Co.), reagent

grade NaZHPO A (American Sc1ent1ﬁc & Chenucal) reagent grade NH ,OH (Ftsher '
Scrennﬁc Co. ) and reagent grade NH 4Cl (Fisher Scientific Co ).

0.1M NaOH txtrant was prepared by dlssolvmg 4, 0 g of reagent.grade NaOH in 1

. litre of water. It was standard;zed by titrating agalnst potassrum hydrogen phtha]ate

<

“



‘ S Potassnsm chlonde, KC] (Fxsher Scxenttﬁc Co ), potassxum mtrate, KNO (J T.
: Baker Chemical Cn) stlver nitrate, AgNO (Terochem Laboratory Ltd)and potassmm
hydrogen phthalate HOCOC H4COQK (Anacbemlc Ltd.)._ wer_e all, reagent grade. o

o
e
r

MML3.1.2 ‘APPAR‘ATUS
A Model 4000 atomic absorpuon spectrophotometer (Perkm»Elmer) ‘was used to
. detemune copper and 1ron The mstrumental parameters are the same as those hsted in
Table 2.1 except that the wavelengths were 324.8 nm and 248 3 nm, sl1t widths were 0. 7
. nmand 0 2 nm and lamp ¢urrents were 15, mA and 20 mA, respectively Cahbranon W
curVes were obtamed from the coppler anduron standard solunons prepared in the l% |
_ HNO, e T - S

The concefptratxon ("H rype ) cell used for™ null pomt potenuometnc tifration has

been descnbed (142) EMF measurements were made between two A g/AgCl electrodes
- in the cell w1th 2M KNO salt bndge usmg a Model 461 -2 ngxtal mulnmeter (Simpson

‘Electnc Co USA) o ' ,_-' o -t.‘, I i ..:: . o «“’
' ‘ Measurgr\nents of pH were made with elther separaTe glass and calomel electrodes
'-; usmg an Accumet Model 525 dxgltal pH fﬁeter (Flsher Smenuﬁc Co.) w1th a prec1sxon
) esumated att + 0 Ol p 1t ora combmatlon glass/reference electrode usmg an Accumet ’
Model 520 pl—l/lon meter (Fisher Smennﬁc Co.). ' '
pH fitrations of CPG-Oxine were camed out ina plastlc beaker Sumng was done
’ w1th a Teﬂon px:opeller attached via a gla,ss rpd t0a sttrrmg motor. A propeller was used
" din order to rrumrmy crushmg of the CPG- Oxme parueles 'v 5 SR |
Spectrophotometnc measurements on CPG Oxme were made by A K Kolstad
5 ’I’hey were performed at 520 nm wrth a Model 845 lA d:ode array spectmphotometer -
, (Hewlett»Packard Corp. ) i ina modaﬁed vanable pathlength flow cell thh 15 mch
. “dxameter round wmdows (Beckman Instruments) Inlet and &utlet holes of the cell were ;.

'threaded to accept standard Chemmert end ﬁtungs (Apphed ScrerIce);and a pbrous Teflon

%



| . filter was 1nstalled in the outlet hole to perrmt slurry packmg and ﬂushmg wrth buffer '
The actual eell geometry was restabhshed by cumng g3 4 mm w1de rectangular slot through
| the O 13 mm thick Teﬂon  spacer disk. placed between the cell wrndows The ends of the
~ slot terrmnated at the inlet and outlet holes so that hqmd was pumped through the length
. of the packed bed The bed of parncles was packed by pumpln ga slurry from a stured
| reservorr A Mrlton Roy Mrmpump (Applled Sc1ence) was used for slurry packm g and
™

. flushing the bed wrth buffer/All absorbance measurements were made on a stamless steel

plate which was destgn fitand posmon the cell w1ndow in the hght path.

' '(Rank Brothers Mark 1, Cambndge England) with aétangular cell

1'1'1..3'.3 CAPACITY MEASUREMENTS : - =~ - .

20
. )

Capacrty by . Copper Uptake
The expenment was pérfonned by equ1hbrat1n g04g, accurately wei ghed CPG
Oxme (Batch A) overntght w1th 50 mL acetate buffer (pH 5. 00) contarmng an excess of
' Cu2+ (6. 25 X IO' M) The CPG-Oxine was ﬁltened out next day and nnsed wrth water
unul no copper was detected in the nnsmgs The bound Cu?* was then eluted mto a 100

mL volumetrlc ﬂask wrth an acxd eluent mrxture contatmng 1M HCl and ,1 M HN\O and

the Cu content in the eluate was determmed by AAS The analysxs was performed i in

“four rephcates Copper. uptake has grewously been used for capacny measurement and 1s

-

'con51deredrehable(106 107111114) : IR C e \ ! R

. . . . . R N A - S » . ‘ e . orJ‘_*.
Capacity by lron ‘Uptake- SRR T 3 AT e
Batch A CPG Oxme was used The expenmental procedure was sxmﬂar to the

| deterrmnauop of copper uptake but used a buffered Fe3+ (5‘5 X 10'4 M solunon at pH

'..-’

. 5. OQ However the sorbed Fe3* Was completely eluted mto a 500° mL volumetnc flask i



thts case, and the ana]ysxs was perfonned in duphcate T}us procedure is based 0n a’

hterature method a 18) ;o
| Capacity by Carbon and Nitrogen Determinations:
- The mxcroanalysxs of Bat&h A CPG Oxme was performed usmg standard methods
by the Mtcroanalyncal Laboratory of the University of Alberta Department of Cherrusuy

MThe analysis was perfonned in duphcate

. « .
oo o e

<
IC AN

111.3.4 DETERMINATION OF CHLORIDE CONTENT

The expenment was performed on both Batches A and B by first equlhbraung 1 g

‘ accurate]y welghed, of CPG Oxme w1th IM HCl ovemxght and then drymg in vacuum

for 5 - 6 hours thhout water washtng, to remove all unreacted and mtersuual HClL. The

Cl sorbed on. CPG Oxme“was eluted mto a 50 mL volumetnc ﬂask wrth NH3/NH NO

o buffer (pH 8. OO) Completeness of eluuon was checked with AgNO The 50 mL cr’

sample was ﬁlled 1nto one arm, of the "H- type cell which contamed 50 mL of the -

. NHB/NH NO buffer and a small magnetxc stirrer bar in the oth arm. Small mcrements

N of standard:zed 0 IM KCl were added to the stmed\buffer usifiga 2 mL rrucrorneter .

buret (Roger Gllmont Great Neck New York) until, the volta e dtfference between the

twp arms- was zero. The cr content 1n t,he sample was then deterrmned from the added

amognt of 0. I M KCl The ana]ysrs was pexformed in four rephcates R

{

I ,' ' ’ e . ‘ ‘
III 35, POTENTIOMETRIC TITRATIONS

' Both Batches A and B were. used in thlS study One gram of the HCI- washed and
vacuum dned CPG-Oxtne (Secnon IIl 3, 4) was accurater welghed mtoa plasuc beaker

and then 100 mL ofthe appropnate NaClO seluuons (D 010 M 0 050M 0 IOM* 0. 20" -

I . M and O 30 M) was added. The pH electmdes and stunng rod were then placed in the .
| 'solutton the rmxture was stirred for 5 min and left ovefmgl;t under Nzlanno_sphe-re. The

o



mma] pH of the bulk soluuon was recorded next day, anda 0.02 mL mcremcnt of 7
: standardxzcd 0. 1 M NaOH was dehvered into the solunon by usmg a 2-mL rmcrometer |
Buret (Roger Gilmont, Great Neck N.Y.). The mixture was stirred for 5 min-after the

g addmon the stirrer was shut off an the pH was recorded when the readmg was stable _

(about 15 min). Although the expcn. nt was carned out under N, atmosphere the’

- mra%h was not conunued to very high pH to avoxd the pOSSlblllIy of dissolution of : .

silica from CPG-Oxine. T-he experiment: was perfor_med in-duplicate.

r . Lo
1 - 3

III 3 6 SPECTROPHOTOMETRIC MEASUREMENTS (Performed by .
AK. Kolstad) | ' '
‘ | Both CPG- Oxme (Batch B).and CPG. were ground and sieved under water The 38
- 45 um fraction of each was s]urry packed into.the 0.13 mm path]ength flow cell and 1he
riate buffer' was pumped Lhrouglﬁil(e_ packed bed until well after the. pH of the .

al to that of the mﬂuent The v1s1ble spe(m'um was recorded for each pH.
Gefhe next buffer solution-iwa:s‘accomplishedav\i\drout disturbing the packing
- ‘structure of the bed. Ten consecutwe absorbance mdasuremems at 520 nm were. also “-
- made at cach pH by tal@ng the cell out and then replacmg agaﬁn in. the same posmon The
relanve standal;d dev1anon of these measurement‘s was 0. 2% |

"13.7 - MICRO’EL‘ECTROPho'kEsis

" CPG Oxme (Batch A) was ground to very ﬁne pamcles such that they remamed
suspended in water for about’ 20 mxn The ground CPG Oxme parucles were washed
- thh 1% HNO by cenmfngmg and decannng Next, 1t was washed with doubly
dxsnlled—dexomzed water severa] nmes unul the pH of the washmg became neutral : o e,
Sodlum soluuons contammg 0. 010 M HEPES Were prepared either §j 0. 10 M ,
o NaClO at the appropnate pH values (6 51 6 75 7 00 7. 25 7 50, and : Ol) or in the
| approprxate NaClO concentranons ©. 010 M and 0 050 M) at. pH 7’00. An ‘b.hquot of the

N
i



| 63
. ncutralxzcd pamclcs was suspcnded in thc appropnatc Na soluuon and left ovcmxght a
; K The pH of each m1xturc was chcckcd and rcadjustcd if i neccssary bcforc the

clectrophoresm cxpcnment T

The mlcroelcctrophomsxs cxpenments were performed by the author at the Albcrta

| Rcscarch Counc1l Oil Sands Rcscarch Departmcm Edmonton - The mobilitie - 40
paruclcs wcrc measured at 30° C. It was diffi cult 1o measure the mobxlmcs atggl M _

Na*, and sometimes at ¢ = O l M as well, due to the formauon of bubbles at.the | |

electrodes surface
- 4 RESULTS AND DISCUSSION: BT

- /)11.4 1 HOMOGENEITY - ‘, | |
‘ Column cqulllbrauon experiments were pcrformed on four ncwly packcd 10x 1.5 _ |
v mm i. d CPG-Oxine (Batch A) columns by usmg a 25.0 uM Ca solunon in 0.10 M
R NaClO at pH 7. 00. Thc old. column contamnfg 11 mg CPG Oxine (Batch A) which has '
' bCCQ dcscnbcd in Chaptcr Two was also used in IhlS study for. companson ‘ s
" Asseenin Tablc 3.1, the cluted calcmm pcak hc1ghts obtamcd from thc fournew\
: E columns were almost 1denncal Wthh mdlcated that CPG‘Oxme is eSSenually a
homogeneous packmg material. The reason for obtalmng a hlghcr calc1um elutcd p\c)k

-thght from,; thc old column is uﬁknown e e S, .

o m.d.-’z CAPATITY : e |
| The vanau in hteraturc valucs for capacmcs of CPG Oxmc are shown in Tablc _‘ P
v l l In addmon’ 10 nc‘al dlfferenccs betwccn batchcs, several reasons havc bccn proposed'
e to cxplam thc vananon such as cffect of pore smc ( 1 12 1 13), at@orpuon or prec:pxtauon |
‘} . of thc mlttal xoy Wthh is uscd to° measurc the capacxty, on Ihc glass bmdmg to clthcr thc.;.” N

0 .
‘
«

~' RN
f \ N e
< e



-Table 3.1 : Vanatuon of sorbed calcmm wath the weught of CPG

LN

s Oxme in column ‘ TR A

n I3

\ 5.0 x 10-10.
5.0 %1010
< 87X 1B 1o

-
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‘ 'azo mtrogcns or the resxdual s11anol grohps (97 ll] 143), and the poss:blhues of R

tion of a2: 1 complex between the metal ion and bound oxine ( 1 1 1)
The capacity of Batch A was detenmned by the estabhshed hterature method
: 'mvolvmg sorptlon of Cu2+ (106,107, 111 114) In this expenment COpper forms a 1 1
complex w1th bound 5- P-Oxme (106 140 141). Thc measured capacxty was O 00362 +
: 0 00005 mmol 5-p- Oxme/g On the other hand, capacxty obtained by measuring Fe3*
uptake was 0.0573 + 0.0003 mmol per gram CPG Oxme Howcver the value based on
Fe3 uptake 1§ probably unrehable At pH 5. 0 Fe3" is prone to hydrolysxs Wthh causes
}“ prec:pxtauon of Fe3* on the glass Also, surface stlanol groups have the abxllty to extract -
vFe down topH 1 (1 11 143) The capac1ty based on the more wcll establlshed Cuz*
~ uptake method is taken as rehablc o DR e
| Measurement of bound 5-P-Oxine capacxty cannot be %ased upon micro-
detertmnatlon of nitrogen or carbon because the synthettc scheme for CPG Ox1ne is
known. to leave a lot of N and C- contammg byproducts as 1mpunues covalently bound
to the glass sur{a,ce 1 13 114). . For examplc from the measured nitrogen content of 0. 16
mmol N/g and from the measured carbon content of 1.18 mmol Clg the calculated content 2

‘ v_ _of bound S-P-Oxlne has an erroneously htgh value of 0. 040 and 0. 062 mmol 5- P—Oxx_ne_ .

;_pergram respecuvely | e o

114 3 CHLORIDE CONTENT

-In ‘order to calculate co, as dnscussed below itis necéssa;y to lcnow the

: concentrauon of cauomc protonated mtrogens present on the acrd washed CPG 0) ne t '

: the start of the utratxon Smce catlomc}roups ansmg from protonauon of bas:c trogens »

. have assocxated thh them an equivalent amount of CT’, the r may be dete?ned by

n measunng the latter In thxs expenment vacuum drymg, rather than water washmg, was -

used to remove.excess HCl fnom aord washed CPG Oxme m order to avoxd loss of

i

4 - |
. 3 - .
o r"""' . . - ) . . ] .
. - s S . . - .

A iee



| 0. 001 mmol Cl “Ig for Batch A and O 008 :t 0. 003 mmol'Cl /g for Batch B. Thrs is the

. e . L !
. ST LR . I & o . b
o . " Ce : .

0', . ‘- SR . . 4'

T

- iprotons fnom NH groups _m’hydrq]ysxs The Cl contcnt was fOund to be O Oll :t '4 ¥

B quanuty nceded f6r ca]culatmg o5
It 1s mtcresung to ca]culate the fractlon of protonatable (basrc) mtrogens in CPG-

. &
L Oxme that are assoc1ated thh bound 5-p- Oxtne It has been shown that 1n strong acxd

R soluuoﬁ the compound 5 phcnylazo—8 hydroxyqumolmc can be protonated on two sttes

o ‘the ﬁrst on the heterocyclic nitrogen and a second on one of the azo.gxtrogcns'(l39 144)

~

T "Thus based on the measured capacnty of 0.0036 mmol/g, the bound 5-P Oxmc could

A ‘.‘-;-,.and 65% of the total basic mtrogen content of 0.011 mmoI/g in CPG- Ox1ne In addition,

L ..the fact that the tota] basic mtrogen content (0 Ol 1 mmol/g) is. far less than the tota]

‘account for betwecn 0.0036 and 0. 0072 mmo] ba51c N/g, whrch represents bctwecn 33%, .

- muogcn content (O 16 mmol/g) mdtcatcs that thc majonty of the mtrogens in, thc 1mpunty ’

~_groups on CPG Oxine are not basxc Thts is con51stent with the facts that an aromatic

amide i is the major synthetic byg;odu&(lOS ,113,114,1 18) and that aromatic amides are.
'extremcly wcak bases (145) @ '

III 4. 4 POTENTIOMETRIC TITRATIONS

N

Sevcra] attempts havc been made to measune pKa] and pKaz for 5-P-Oxine bound

to sxhca gcl and CPG using potcntrometnc (pH) titration-8f agueous suspcnsxons

: (106 107 111,140). Titration curves are typlcally tll def' ned and yreld T values

'_ showmgcon51dcrablcvanab111ty (111 140) e B R ‘. R

FJgures 3.1-35 are the rcpresented uuatton curves ﬁor Batch A acrd washed CPG~"~ e

| }Oxmc»m 0. 010 M, 0.050 M., 0.10M, 0.20 M and 030 M_NaClO soluttons |

: ‘rcspccttvcly, and. Flgurc 3.6is one of the uu'auon curves for’ Batch B ac1d-washed CPG-

Oxme, that was obtatned in 0. 10 M NaClO solutton As far as bound 5 P-Oxme is -

: conccrned protons arc removed from cattomc protonated azoand: hetcrocycllc mtrogens

in the carly stagcs of the utmuon and from the ncutml phcnoltc group later in. the mratton.' -
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- Figure 3.4:
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Howcvcr the smlauon is comphcated by the fact that protons are bem g removed from '

‘e

other acidic groups, such as re51dua] surface hydroxy! groups in S)OH and BOH sites, -
| throughom the tm'anen In fact, it has bcen shown these surface hydroxyl groups exhibit ’

a range of apparcnt pK values and thelr dJssocmuon begms at pH valucs well below 6

L 4.0 -

- andcontinues at pH valucs well’ above 6 (11 1 131 146, 147) "This precludes thc use of

titration curves to obtain the values of pK,, cspec:a]ly PK 2. A;revealed by the titration
- curves (Figures 3.1-3.6), a great fraction of the negative surface charge that‘de\./elops on
CPG-Oxine at pH > 6 comes from depfo;onz;tion of surface hydroxyl groups rather than .

from dcprotdhatnrbn of thé phenolic hydf()xyl groups of bound 5-P- Oxine. The charge
' surface at whxch Oo and W -are deﬁned is thus 1Qent1f'1ed with the’ hydroxyl -bearing |

L)

'glasq surface oTlhe CPG. : o o - SR

nThe total negative surfa:ee-charge on CPG-Oxine at any pH value above 6, at w'hich
\

- deprotonanon of canomc groups is complete, can bc obtamed from the ntratxon curves.

The concemratlon of negauve surface groups, Q 1§equa1 to the mmol NaOH/g takcn up
' L]

by CPG- Oxme in reachmg a given pH, calculatcd by the rrhthod c§f Berube and de Bruyn
~(148), minus mmol NaOH/g requued to ncutrahze the protonated canomc sites. The
mmol NaOH/g required to neutralize the protonated sites at pH > 6is equal to the
measured mmol Cl "/g (i.e. 0.011 for Batch A and 0.008 for Barch B). Consequently, 6y
~and W :can be caqulated via Equations 3. 2 and 3.1, respectivehy. Ca]culated vaP(Jes of Q,

g and ¥, are presented in Table 3. 2. ’

O
,-,.)_.

1145 SPECTROPHoyMETRY .
Uncertamty about the value of the second acid dissociation constant prompted an

. invest ganon of the ac1g,base bchavxor of CPG Oxme and the development of a

spectrophotometnc techmque t0 measure PKaz .
Absorbance measurements made through a thin layer of CPG-Oxine particles were

subjected to light scattering. However, it was found by using the same size particles of -
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'.CPG without bound 5-P-Oxine, that the absorbance due 1o ééancn'ng (A ) alone-was'-

' mdcpcndcm of solution pH (see footnotc c, Table 3. 2). Thus it was possible to use the

.a

changc in absorbancc asa funcnon of solution pH 1o mcasun: pK,z for bound 5 P- Oxme; >
| At a ﬁxcdwavelcngt’h the ab_sorbanéc. A, atany pH is glvcn by.: o
A = [HOX]b €% + [6)?]'1: Eox + Am__ o (3.22’) ‘

whcne b is the opuca] path]cngth and €Hox ‘and Eg; are the molar absorpnvmcs for HOX )
‘ _ and (OX” ]spccies rcspccnvc]y By measunng  the absorbances A » L at pHQ< plgz and

Aalm at pH >>,plg2 and combmmg Eq 3.22 wnh Eq 3.7 the. followmg cxpressxon is

v

obtmncd :

| R
1 _PURT) L Ak . (3.23)
aH Ko Agw-A -

. in which it is assumed that the phenplic group on bound 5-P-Oxine is located at a distance

x cm fromi the charge-surface. A ., was measured at pH 6.40 and A i : was, mcasun:d at ’

‘pH 9. 80 A plot of. llaﬂ_gs_us (A-A

acid-

TA 4 - A) should have a slopc of
exp (-F'\yX /RT) / K, at any pH. chh a plot for orie-ofthc dupllcatc}runs is shown in

vFlgure 3.7. : S e -
It can be observed in Tablc 3.2 that thc quantity -\V mcrcascs wnh pH If Lhe

t

: dJstancc X remains constant, mdcpcndcm of pH thcn -\V should aJso Increase with pH

. (Eq: 3. 3) and the plot in Fxgum 3.7 should bc‘eurved (1 c. changlng slope). Howcvcr

‘the plot is lmcar with slopc (3 7 i 0 1) x 108 and zero mtcrccpt (1x5)x lo&ahwhcrt t
indicates standard deviation, Wthh suggests that ¥y is constant and mdcpcndcm of pH

bctwocn 6. 40 9 80 By. subsmutmg Eq. 3 7 into Eq 3. 23 thc following expression is
obtamcd

<7
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" Therefore, the recxprocal slopc of the line (F:gurc 3. 7) is also cquaJ to pK.z which is .
found to be 8,57 (Run 1). For Run 2 (Fxgurc 3.8) the slopc was (4 6+ 0. 1) X ]08 the

»

intercept was (- 5 7) x 10% and pK}, was 8.67. . " ' o #
III 4.6 MICROELECTROPHORESIS
In an attcmpt g gam more understanding about Lhc electrical’ propcmes of xhe ‘
. 1nterfacc of CPG-Oxine and clccn'o]ytc soluuon rmcroclcctrophoresxs was ‘used |

| (125 1§9) The zeta potentla] ©), Wthh rc]ates 0 the pr'bperncs at the” surface of shcar"

) bctwceh ‘the movmg and stationary reglons of thc doub]e layer, is not cqua] to W , but

might be expected to changc ina s1m11ar way as'\lf whcn Cchnmcma] vanablcs are

changed. tha potenual caqnot bc obtamcd dlracctly from thc clcctrokmcnc mcasummcms
. It has to be calculated from the Smoluchowsk: equation (125) by measunng thc
c]cctrophorcnc mobility (ug). S

e . o,

© . (325

whcrc € is the pcrrmtuvny and n is the v1scosxry of thc solution.

o
g

The effect of pHon{ for CPG Oxine in 0.10 M NaClO solution i is shown in Table__,. S

3.3. Constant { was observed between pH 6.51 and. 8. 01 whxch suggcsts Lhat \I’ is also

independent ¢ of pH. This obscrvauon agrees with the fact that the plots obscrved in 5

Figures 3.7 and 3.8 are lmcar as dxscusscd above. -

- The probable explanation for the valuc of \Vx mmammg constant even thouvgh ‘.Vo

&
7
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changes w1th pH is that X, the)chstance betwcen the charge~surface and the

.i

phenol/phenolate group on bound 5- P-Oxlne mcreases as both Go'and the degree of J
R 1omzanonof bound 5- P-Oxtne ( aox )mcrease aox can be calculated by c0mb1mng _
. Equauons 3 15 and 3.24 to0. grve the followmg expressxon |
‘ R et _ _:, B - | '
A S AT A B

v * . o ‘e

qox s the degree of 1omzahon and can also be thought of as the fracuonal charge ona

) phenol/phenolate group. This group 1s located at the end of an 1.8 nm long spacer arrn

(l 1 f). When oy = O thtshydrocarbonaoeous arm is more or less folded back on itself “\‘

-

rather than bethg stretched out mto the watcr in which it is poorly solvated (1 1 D. 'I’hrs 3
\ pIACes the: phenol/phenolate group close to the charge surface g;vmg a small value of x and

W ‘l‘ As both GQ and 1ncrease, due to mcreasmg pH (Table 3.2), theﬁelectrostanc

repulsron of the phenol/phenolate group by the negauvely charged surfaCe moves it _farther ‘

' and farther away. Thus, even though \l’ changes (Table 3 2), \l’ remams nearly constant -

because x increases (Eq. 3.3). Str’ice the value of‘l’ is not known an accurate value of

pKaz cannot be calculated from PKS .

.47 - EFFECT OF pH ON Ca® SORPTION-

L

& -

. The vanatron of calcxum sorptton (as.A )w1th pH atc = 0. lO Mi is shown in Frgure . |

2. 13 'I'he data are presented in the first two columns in the upper half of Table 34.Eq. -
3.21 predicts 7» from the site bmdtng model The vahthy of this model can be tested by

) .plottmg A accordmg to Eq 3. 21 It has been found (Sectlon 111.4. 6) that \lf and

(21

consequently, pKaz remain’ ‘constant atc=0.1 M in the pH range 6.4 - 8. 2 even though

- Ogand ‘V change (columns 6 and 7 in Table 3. 4) Thus w1th c 'Yo. and ‘l’ constant it
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. ‘ 0_., | . . . : : * u 82- .
C s pred:cted from Eq 3. 21 that a plot bf'k Versus o . ox should bea smught line with

1

: 2F
T slope B, ox’ Yoxi 'Yo. exp (- <5 \l’ )and mterceptk'yc c'1? Values of aox

o calculated from Eq 3 15 usmg Kﬁ 2 4 x lO (ie. pKﬁ 8.62 i 0. 07 ) measured at _
€= 0.10 M (Scctmn I11:4.5). The v&lﬁes of o’ aox’are shown in the last column of Taole e
34. The value of Ve calculated via the Dawes equation (150) R '

- and Lhe value on caleulated as descnbed in Secnon III 4. 4 are shown in column 4 and 5+

' .' of Table 3 4, respecnvely The plot of?L vershs aox 1s shown 1an1gure 3. 9 It is. o

- lmear as predlcred with slope (2 lO+ 0. 06) X lO andi 1mercept (7 3 +0.6) x 10 l:/g A
- where % indicates sxandard devxanon The value of k is calculated from Lhe mtercept to.be

(65+05)x10“‘L/g ot e T

. . - . -— .
- B . N <

L« 48 EFFECT or IONIC STRENGTH ON Ca2+ SORPTION S e

In Flgure 2 l4 it can be seen that l decreases markedly with i mcreasmg cat pH
T

- . OO “This behavror can also be understood in terms of the sne bmdlng model
Al pH 7 00, aox £0. 03 so that the phenol/phenolate group of bound 5 P-Oxme

‘should lie close to the charge surface The closest that it can get is the hydrated radms of -
) the negauvely charged Oxygen on the phenolate group. Thls 1s estlmated to be equal to the

' '?i‘hydrated radxus of an OH™ion, about 0. 2 nmm (151) Eq 3 21 can be rearranged to give :

o

A, - k,‘% =B ox VOxine YCR P (' RTx S B28)



Figure 3.9 :

~

Y

Plot of A, yersus Glox for

%

CPG-Oxinc (Barch A) -

- atc =010 M and varying pH for the data in Table 34,

02 4
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from whx:h itis prcdxctcd thataplot of A, - k YQ c 2 ve 'r'sust ’ w

———

o v, _ '
0oy yc, exp (— RT ) should be lmcar with slopc Bl Om and zero mterccpl For=~,

.lhlS plot valucs of \l’ an: calculated from Eg 3.3 valucs of ‘4’ are calculatcd thc -
'Gouy Chapman cquauon (Eq 3.1); values of Co afe calculated from ntrauon curves of

CPG Oxine (Flgurcs 3.1-3. .5), obtained at the appropnate c, by cOmputauon methods |

, prcv1ously descnbcd in Section I11.4.4; and values of o Oy are calculatcd from Eq 3, 15

talung into accoum the changc in lﬁaz wnh c by thc.followmg

(3.29)

T
\

~ A

' All relevam quantmcs are presented in the lgwer half of able 3.4.

Thc plot of Eq. 3.28, shown in Figure 3.10, is linear with slopc (1. 84 +0. 03) X
1072 and intercept (-1.4 £ 0.5) X 107, The i intercept is equal 10 zero, as prcdlcted within

‘the 99% conﬁdcnce hrru%of( 142, 0) x 10'4 (152) D1v1dmg the slope by v , i.e.

3.6 umol/g glves B, = 5. 1 X lO3 @i. e. log Bl =3.71). No value of log B is avallable for

- the conespondm g calc1um complcx with 5»phcnylazo—8 hydroxyqumohnc in

homogcnous aqucous solunon Howcvcr log B for the calcium complcx with 8-
- hydroxyqumolmc 15 3.27 (94). |
. 3 .
L5 CONCLUSIONS :
' The 1omzablc surfacc-group modcl can be apphcd to cxplam the acnd-basc behawor
-of CPG Oxmc Elcctncal propemes of the surfacc are obtamed by applymg the GOuy-
| Chapman thcory to data obtamed from capacity measurements and potcnnomcmc H

-' titrations of CPG Oxmc Most of the : " ace chargc comes from resxdual hydroxyl

e

c“!

i
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o

Fxgurc 3. 10 Plot accozdmg to Eq. 3.28 for CPG Oxmc (Batch A) at pH 7.00

0.2

— 2F e,

o

~-and varying ¢ for the data in Table 34

e



groups on the glass surface: §pcctrophotomctn’c measurements on the bound 5-P- Oxine
givc the dcgrcc of ionizdtion of the phenolic hydroxyl group asa funcnon of pH.. Thc
| observed pK,z of 8.62 '+ 0.07 for this group is independent of surface potcnnal and is
- close to that reported in homogencous aqueous solunon (139,153).
The comp]exanon of Ca?* by -CPG Oxmc can also be described in termsofa
modxﬁcauon of thc 1ommblc surfacc group model to 1nc1udc "site- bmdmg The marked
dcpcndcncc of Ca2+ sorption on both pH an,d lonic smength is quanmamvely cxp]amed It

appcars that the site- bmdxng model can serve as a basis for understandmg the sorpnon

. behavior of metal i 1ons by CPG Oxme and for mcasunng stablhty constams lnvolvmg 1he

bouna llgand
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CHAPTER FOUR

. SPECIFICITY OF THE CPG-OXINE COLUMN EQUILIBRATION / AAS
METHOD FQR FREE CALCIUM SPECIES DETERMINATION IN
AQUEOUS SOLUTIONS ° |

IV.1' INTRODUCTION :
| Measurement of free calcium (Cai*) concentratons in biological fluids, such as
- serum, piasma ultrafiltrate and urine by the techniques mentioned in Section 1.2:2, has ‘

produced a variety of "normé] rémgc of values” depending on the method of analysis

employed (30,36,46,58,69). Of the three biological fluids, plasma ulu*aﬁln'ﬁtc is
considcred the easiest to work with. Free calcium can be determined by a calcium ion -

- sélective electmode (ISE) (154) ‘s'mce in'tcrfcring factors, such as the vanability 6f pH.

&

sodium concentration and protem effects, are rmmmal in plasma ulmafiltrate. Measurement
of Ca?* in urine is difficult and complicated, however, by the facts that the cond}ﬁ of
pH. sodium concentration and ionic strength in urine vhry con51dcrab1y
" The cation exchange column equilibraton technique has been used to mc:l‘surc Ca*
in urine (88). The study has shewn that this technique is rapid and subject to'minimum .
interference from pH vaﬁaébn amohg samples. Unfonhnatzly, thé-smdy also revealed that
the cation cxchangc’r was ;of complctcly.sclccn'vc for.the Ca®* species: Apparently, other
calcium- contammg species are also sorbed by thc cagorn cxchangcr ’
Ina pn:vnoL 3 study Landing, et al (93) used oxine immobilized onto Fractogel TSK -
10 obtain information on mctal-commnmg spccncs in hgand-contaxmng aqucous solutions. -

K4

They appamm]y d:d not use a column ethbranon mcthod and did not obtain a valuc for

" "

~ the free metal ion, but ralhcr for' ‘cationic”, amomc and pa:pculatc«specncs.lnthc

present study, the specificity of CP.G-Oxm_c is under investigation. The work involves

cod

e, BT
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measurements of Ca2* by the column equilibration technique in aqueous solutions -
cdniaining various labile cdlc;u'r_n-ligand species. Furthermore, the limitations and
dxfﬁculncs of usmg a commercially available calcium ISE in solutions comzumng

1ntcrfcnng chcrmcals were dcmonstratcd and discussed. .
- IV.2 EXPERIMENTAL :

S IV.21 CHEMICALS AND REAGENTS : ‘_ A
CPG-Oxine, batch 071982-81 (Pierce Cherﬁical Co.) with particle si_zc 125 - 1;77‘
um and pore d‘izgnetcr 50 nm, was used for all studies. This material has previously been
designaled-as Batch A. | ‘ »
Al solunons were pmpaned wnh doubl) dlSD”Cd dexomzcd water. The follovunf7
- chemicals wcre used : . . | ,
Ca,COa. HEPES, NaCiOd, I:JaOH, HCIO, and HNO3 were used for all studies,
which have previously been described in Section 2.1, |
| KCI and potaséium-hydregen pl(iha]atc were described in Scc?iorf Hlf?; 1.
Disodium d1hydrogcn cxhy]encdxannnetetmacctatc NaZH2 EDTA H20 99 9%

(Fxshcr Scientific Co.). o ' @
CH2CHC02H '
L- Camosmc B-alanyl-L- hlsudmc ( ( S NHCOCH2CH2NH2 ), 98% (A]dnch
H . R
Chcrmcal Co.). . ‘ ’ '
chohmc acxd 2 pyndmccarboxyhc acxd( QCOZH ), 99% (ngma Chcmxcal

Co.). o ’
: Potasswm sulfatc K2804, ana]yncal gradc (British Drug Houses)

.DL-Mallc acid, HO CC}12CH(OH)CO H reagent grade, (Amcncan Chcrmca] Liud.).
Tananc acid, HOOC(CHOH)ZCOOH reagent grade (Calcdon Lab. le )
Citric ac1d HO CCI;12C(OH)(CO H)CH CO H, analytical grade ('Bnnsh Drug

. -

‘ Houses):

88
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V22 APPARATUS = . " A
‘The .instrumcn.t used for the colJmn equilibratic}l experiments has‘bccrl Ecscﬁbe‘d
previously in Section 11.2.3. The eluted calcium was detected by citl1cr the.Model 29OB or
thc Mcdcl 4000 AAS (Perkirl-Elmcr Corp.). The instrumcntal paramelcrs for the Modcl“'
290B and Model 400 AAS are hstcd in Table 4.1 and Tablc 2 ‘l rcspccmvcly
>- Measurement of solution pH w& made wnh scparatc glass and calomcl electrodes
A usmg an Accumet Model 525 d)gxtal pH meter (Fisher Scientific Co.). Potcnnomcmc
: mcasuremem of Ca?* was made wnh an Orion Model 93-20-01 calcium i ion selective
elcctrod"c“ and a‘calomcl clcclrodc using the Accumet Model 525 meter in the mV mode.
) | | |
1V.23 PREPARATION OF TEST SOL\U__T’I'OINS.: .
Ninc ligands were selected for this study. A series of tcS!'solutions.werc prepared at
pH 7.00 and at a pardcular ionic_sn'cngm. All lcnic strcn.gths were contrcllcd by usinm
NaClO nEXCepL: fcr the studjes in which the acldcd b gands were phthalatc and sulfa:%/‘
where KCl was used because both hgands were preparcd from thcxr potassmm salts. Each
- solunon contained 0.010 M HEPES buffcr with certain conccntranons of total calcxum and
total ligand to gwe a known fract:on of Ca** » Oty (155), which was calculated using
ionization and stability constants rcportcd in the htcrature In each setof test solunons a
. standard calcium solution was prcparcd smnlarly at'the dcsmed pH and ionic strength but
without addmg ligand. ' |
For the ISE e experiments, three sets of icst'soluticns were prcparch The first act cf
solutions contained 0, 12.5, 25.0, 50.0, 75.0 and 100 uM Caz* respccnvcly, wnh 0.010

M HEPES at pH 7.00. Ionic strength was adjusted to 0. 25 ‘M by adding thc necessary
.amount Qf NaClO The second set of solunons contamcd 0. 020 0. 040 and 0. 14 M

picolinic acid, rcspccnvcly, with 0,010 M HEPES atpH7. OO\a.nd the i ionic strength was
' adjusted t0 0.10 M NaClO,. The third set of solutxons contamcd Ca? standards prcpared

with 0. OIOM HEPES at pH 7.00 in 1 0. ]QM_ NaClO



Table 4.1 . Instrumental condmons for measurung calcium
with the Model 290B atomic absorptnon '

 spectrophotometer.

Wavél’ength ‘ 422_.7 nm
Spéctral Slit Width . 07n0m
tamp Current , " 8 mA
Flame -Oxidizing (lean, blue)
Acetylene Pressure o ‘9 psig
Air Pressure ° o 50 psig

~ Aspiration Rate - - 6 mU/min
Pumping Flow Rate ' 5 mL/min
Recorder Type ~ Fisher, Series 5000
Voltage Range _ 10mv ‘
Chart Speed ... -~ ‘ 1 cm/min

.......................................................
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| - 1IV.2.4 DETERMINATION OF FREE CALCIUM CONCENTRATION BY

THE CPG OXINE COLUMN EQU LIBRATION METHOD :

\

The meas‘urcn?i:m procedures hévc bccn dcscribcd previously in Section 11.2.5. |

Two columns were used for the spcc1ﬁcny studies described in this chaptcr One of them

contained 40 mg of CPG-Oxine (L‘?ﬁ 177 um particle size) and the other contained 11 mg

of CPG-Oxine (125 - 177 um particle size). The'se were the same columns used in the

studies described in Section I1.3.2. When Ca* conce\ntration was Being measured in

solutions containin g EDTA, cérnpsi'ne or picolinic acid, the 40 mg columﬁ and the Model

290B AAS were used, and loading‘dmes of only 4 min (loading flow rate was 5 th/min)

were used in the interest of speed. Although equilibrium has not becn achzcvcd in 4:min for

this column, the clutcd calcium peak helght was found to be very rcproducxble For the rest

of the test solutlons the 11 mg column and the Model 4000 AAS were used and it was

loaded complctely to equilibrium in 4 min with a loading flow ratc of 2 mL/min (Sectiop’

11.3.2).

IV.3 DETERMINATION OF FREE CALCIUM CONCENTRATION BY
| THEORETICAL CALCULATIONS B
Thls SUbjCC[ has been dxscussed cxtenswe]y elsewhere (155-160) Thcoreticaj
ca]culanons of [Ca2+] mvolvcd in all studies were based on the condmonal constam method
o (155 ]60) by calculaung the equilibrium concentrauons of all the ca]c1u -ligand spec1es
' usmg known values for total calcium and ligand concentrations and publZshcd valucs of the
relevam calcium- 11 gand stability constants (B), as well as the acid dissociation constams
‘ (Ka) of hgands In all the followmg calculations, hydroly51s of Ca®* at PH 7.00 and all
' sodxum hgand complcx&l spcc:cs were neglected because thcxr stabxhty constants are very ‘ ;

small compared to all the calcium- lxgand stability constants involved in the studlcs



r.v 3. ca’*’ ' CaLz" SYSTEM
Y In t.hxs casc, EDTA was used as thc cornplcxmg hgand 'I'he K values for EDTA

Y

and thc B va]ues for thc major pa]cxum EDTA complcxcd species are listed in Tabl 4.2 In N

fact CaL2 is the, dommants cies rescnt under the condmons investi ated Wmtcn as -
pecies p 18

L

conccntrauon constants thé followm g rcacnons are 1nvolvcd

G Lt S B (G G @
Ca™ + HL* &= CaHL: ;ﬁ&aH\L'.: [CaHL')/ (Ca™] [L] (42

BEESNT o
° .\

where Bc.Lz and BC.QHL are the condmona] stabxlny constants (155, 160) for spec1cs CaL2

and CaHL respe&t,we]y [L] 1s the rotal conccntratxon of uncomplexed llgand The total

concentrauon of EDTA added is glvcn by : . .
s /. ¥ %, \
C_ = [L7] + [CaHL7] + [CaL?] . T @3)

The total concentration of Ca?* added is given by :
Cc, = [Ca™] + [CaHLT] + [Cal?] (4.4)
Combining Equations 4.3 and 4.4 gives . ‘
o L) =Cp - Cg + [Ca%] | (4.5
g s .' ‘ . . ' ' . . . . » ) .
. The fra}ction_pt.cﬂ can be expressed as R |

Oy = [Ca%)/ Cop = (14 Rz [L] + By - L)) @)

K R



. i . . o CrLE T
. ’ 47. : B ’ w .n... .n.z
. . N - .;\*‘ . . L R
. 3 002 e co;mva Emvcﬂm e e

: v. .. . ) ) . , . [N . ) - N (..:,s... .. o.‘.. ,. . ‘,\. . .\x.,

\ N 2 ..,.. . ,..v. ) . ...).v; R ou Fl
. N T 2 P
e COQF LL0L="")d .

g200F :.oow,mmv_m. I

L qsve= Mg 6o 22007892~ "%d  (W0r0=2)
k9L ., (%004) ;180 0L0 T 90k =2"db6o ., WE: o.m = "yd vLa3
.,,,,,.woc.e.m*mm_ _ w,w_.o.ma.w mo Jolepy - anjep ¢ bo A anjep xa _\ puebi
T . . o e T

[N L . . &

"0 062 18 $ax8|dwod y1(3-Wniojed Jofew Joj SjUBISUOD. AJIIGEIS PUE ‘LOIBI0SSIP PIOY & 2'b sqey

£



.’,‘7 ) o e ) . e :_»- . u‘.,'” o ;_"';;,‘:_. "- ; - L ‘. f," L 94
. | " - DRI s Tae T e
Subsntutmg [L y fromEq 45{mo.r~;q 4810 glvc B SR R
ETEE ) B FRRE ) : " L & . . P e R
T .-.[c *J/ Ceu - ni'_% B+ Bé;gx;xctfc"ci S R O
N ',"' ) : , @ :‘ ' ) . . : u \ . TR .:‘ Lo : .

In thc column equlhbranon techryque; LC&”] gnust\,bc\ under traqc squmons SO that
C 7» is c0nstant (Sccuon 11.1). th@ dcs:gmng cxpenmcnts m which so]tmons with a ' ”, .

' <' -

certaln ozc,, v.aluc and sunu]taneously, w1th a ccnam [Caz’] Saluc (1 ;, nOt above thé hncar

. *xsothcrm rcglon) muSt bcpmpamd 1t is newssary té f’gurc out how much hgand (CL) to

add Smce CC, is. spcc:ﬁed once [Ca,z*] and Q‘C, are. specrﬂcd\the desu*cd value of CL can m

-

bc ca‘lculatcd by rcanangmg Eq ZI 7> In TabJe 4. 3 are shown thc so1ut10n composxuons

(C%and (e rcquxrcd to give occ,, valtes of about 0. k o 3aid 0.5, a]l wnh‘[Caz*] abom e
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. The 11 ggnd (L) uScd in IhlS study is elther camosmate or plcolmafe The K va]ues :
A S, j -
] for carnosmcand pxcohmc acrd ar)d thc ﬁ va]ucs for thbxr carrequndmg calcmm &
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g

c;,'= [Ca?*) + A[_Cz'lL']_ S | (4.10)

Therefore, the fraction O, can be obtained by combining Equations 4.8, 4.9 and 4.10 to
. ) . ) . . ) 15\ . .
. give :
Oc, = [Ca®)/Ty'= {1+ R +(CL - Coy + [Ca¥D)! (A1)
~Solution compositions required to give the?'desircd O, and [Caz+j Q;ues shown in Table
| 4.5 were cdlculated using Eq. 4.11 in a similar manner to that described for EDTA-
'*comaj\neing solutions in the preceding section. In the camosine,—comaining solutions it was -

necessary to add high carmosine concentranops in order to allow suffxcxenﬂy low O,

values. In these $olutions the concer{trauon of the protonated cauomc camosine specxes was
high (e.g. 0.246 M H L* in thc soluuon wuh C O 684 M and Oc, = 0 26'in Tablc 4.5).
’ Thuq an ionic'strength of 0.1 M could not be used and all of the camosine expcnmenm
were pcrfqrmed at an ionic strength of 0.25 M. Q | |
The ligand picolinaie has a larger cohditiona] stability_constant than carn.qs.inate SO
.'th__m its concentration is smaller and -Lhc expenment c;ﬁm be perfoljfned at c= 0.10 _M_ '
V33 Ca’* - CaL SYSTEM = o
In this system, the llgand represents either phthalate or sulfate The neutra] Cal
complex is the only specxes formed m this case. The K, values for phthalic acid and

‘ sulfunc acxd and Lhc B va]ucs for thcxr conespondmg calcium complexes are given in

Table 4.6.

a4 LY =S il Bl = (Cal)/ (G (L] B (4.12)f
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4

wherc [3c oL is the condiuona] Stablllty constant for the CaL specxes The total concentrauon ‘

.

- ofhgand addedls glven by
CLo=[L]+I(Cal) " . 5 (4.13)

The tota] concemranon of Ca 2* .added in tHis caseis given by : -
is case 1s g1 y

s el .- @aay

Finélly.; (lc'g-cap be obt‘a'ined'tﬁ.'éb“ﬁqbi‘ning Equations 4.]'2,"-4'.13 ahd 4.14 10 glve

[Ca“+ /CCa = l + ﬁCdL(CL - CCa + [Caz+]) } . _.' (4’]5)

Thé“values of C¢, and CL for both hgands are listed in Table 4.7 In this study, SOlUllOﬂS of

each hgand were prepared at both c= 0 10 M and 0.30 M for companson

L1V3.4 'Caz.f - CaL CaHL® SYSTEM: |

.. In°this studv the, hgand is elther malate acid er tar&ate 'fhe K, values for both
- acids and thc B values for thelr correspondmg calcium complexes are glven in Table 4 8
Both CaL and CaHL species are presem in this system, however the majonty is in the -
form of ncytral comp]exes (~80%). | o '

3

. Ca¥ + LY :ca ’ Be, = [Cal)/ (€] [L]) S (4.12)

" a

Ca®+ m;é—'_“? CaHL™ B yy+ = [CaHL“]/ (Ca*[L] 4.16)
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_IV.35 Ca® - CaH,L - CaHL SYSTEM :

| the dominant spccncs( 93%)1 S S

where BC oL and BC Lt BrC thc condmonal stabxllty constams for spccxcs CaL and CaHL*

rcspccnvcly The total concentration of hgand addcd is glvcn by

&
' B S //J e :
CL = [LJ + [CaHL*] + [CaL] L (4.17)
The total concentration of Ca2* added is given by
. Cg, = [Ca¥) + [CaHL") + [Cal) o . (418)

‘Finally, O, can be obtained by combining the above equations »

Oc, = 1Ca%)/ Coy = (14 By + By )CL-Coa+(CZD)T (4.19)
The values of Ce, and C;_for both ligands are listed in Table 4.9. In this study, solutions

from each h'gahd were prepared at both.c = 0.20 M and 0.30 M.

The ligand used for ths study is citrate. The K, values for cimic acxd and the B
values for the major calcmm citrate comp]cxcs are listed in Table 4. 10 The log BeamL-
value reported by Smith and Martel} (165) 1s 3.50 atc = 0.1 M. The same va]uc was also -

. . ) \
repotted by Ringbom (160). However it was obtained at ¢ = 0.5 M. Therefore, it was

_ dcc1dcd to use the calculatcd va]uc (3.33) whxch has been convcncd from the

thcrmodynamlc value (170) to thc corrtspondmg value at ¢ = ] M. In this case, CaHL is
% &

| ‘

f ‘\
1.

G+ HL = CaHL Bea- = [CaHL)/ [Ca”") ul'] T @42
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Ca?* + Hszs-'%iCéHzL OB = CHL/CHL) @20 -

whcrc BC - and [kaHzL are the condmonal stabllny constants for species CaHL" and

Ca]-LZL rcspccuw:ly ‘The total conccn@auon of citric acid added i is given by :
‘ FCL = iL‘]‘ + [C}aHéL] + [CaHL} | | .: | (4.21) .ﬂ
'I;he t?mi concentration of CaZ* added is éivcn_ by :
S Cca 7=. [Ca®"] + [cmzL] + [CaHLT] (4'.22»)‘”: |
Final]y; O, can be obtained by co’mbining the ilbove equations
= [Ca?")/ Cc, = kl + (B('IaHL' + BéaHzL)(‘CL - CCa_: [Ca®*]) ! - (4.23)

The va]ucs of CCa and Cy_for both ligands are listed in Table 4.11.All solutions were

..prepared atc=0.10M.

V.4 i'zEsULTs AND DISCUSSION : B

iy o ' Lo L

1IV.4.1' CALCIUM ISE METHOD :
Thc measurement proccdurcs were sum]ar to Lhe direct measuremcm method
described in the Orion instruction manual (171), and wcrc performed at ambxcnt .

temperature (25 + 1 °C). It is well documentcd that the Onon ca}mum BE is subjcctcd to ~

~ interference from high Na* concentration (73, 156) and from C]O (172 173), ‘The &

_calibration of the Orion 93 20-01 ISE in Ca2+ standards contammg 0. 10 M NaClé 1s ‘.

shown in Flgurc 4.1: The electrodc response bccomes non- hnear at about 125 uM Ca2+" o o

Lw
1 .~,v. ‘.
ST el e
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;' o \ Figure 4.1 : Calibration of the Orion 93-20 calcium jon-selective electrode for -

.-+ Ca™in0JOMNaCIO, pH7.00) a1 254 1°C, A
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'-'whtch is rather poor compared to the manufacturer's value of about. 10 UM in pure CaCl,
solutions (171) The mterference is even worse in 0. 25 M NaClO as shown in Tab]e

4.12. When the electrode was calibrated with Ca®* standards contarmng O 25 M NaClO

k)
the potenua] readmgs did not change with changtng Ca?* concentrauon Furthermore the

.electrode nesponse drifted and was very sluggrsh dunng the measurements in 0. 25 M A '

o NaClO,. It has been suggested that the interference of high NaClO, concentration'is B

probably due to its effect on the liquid junction potential (6%74,75) and to salt extraction :
into the electrode membrane (3Q,172,_}74). | .

~Although [Ca®) measurementsvby the ISE method have. beenmade'i'n the‘presence‘
- of various ligands, such as EDTA anion (175), phthalate (176), sulfate (177), malate and

9.

citrate (173, ]78)‘ studies of interferences by some naturally occum'ng'organic compounds ‘
.on the response of Orion 92-20 calcium ISE (174) have shown that phthalate can cause a
negauve shift in the observed potental readrngs Furthermore in the presence of plcohmc

acid (Table 4. 13) a positive shift in the observed mV readings has been observed for the

Onon 93-20-01 calcrum“ISE i.e. an apparent increase in the calcmm ion acuv1ty Similar

behavror has also been reported prevtously (77) for pyndme and 2- plcolme The
1nterference of organic ligand is probably due to the 1nteracuon between the ligandrand ion
exchange soluuon in the electrode (174). | ’

The application of commercially available calcium ISE for measuring [Ca® s |
obviously limited to samples which contain low Na* concentration and no interfering' A
.‘ ~organic compounds. Furthermore, NaClQ, cannot be used for the purpose of ionic strength
adjustment rn this kind of measurement. The sorpdon isotherm for Ca®* on CPG-Oxine
( under the same conditions (Figure A.2) is non-linear above about 25 uM and the column

{ €.
"~ equilibration has to be performed in the linear region. Because of the interference of hgands

and NaC]O in the ISE measurement of Ca2+ at such low. concentratlons no attempt was

made to measure [Caz*] by the ISE method in the solutions used for column equthbrauon

measurements o E -



Y

Table 4.12 : Calibration of the Orion 93-20 calcium ion:
selective electrode for Ca2+ in 0.25 M NaClo,

(pH 7.00) & 25 + 1° C.

_-_----------_-----------.--_----.-_------- ......

[Ca2+] 2 =~ Electrode Potential
B A
A
12.5 uM - 1644 mvV
25.0 uM - 164.3 mV
50.0 uM - 164.0 mV
75.0 uM - 163.6 mV
100 uM - 1659 mV

S
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Table 4.13 :@fﬁ?Respfonse of the Orion-93-20 calcium ion-selective
' electrode in various c8ncentrations of picolinic

acid containing 0.10 M NaClQ,at25+1°C. « §
o
Electrode Potential L
--------------------- EREETRLTECEPRREPRE @
- 1755 mV
- 172.3 mV
- 1701 mV.
- 168.0 mV




~ : .

IV.42 COLUMN EQUILIBRATION METHOD : Y

A sulfonatcd catJon exchanger has been used for, the column cqunhbrauon mcthod /
( 19,22,88). In principle, it is desirable that the cation cxchangcr should selectively sorb
only free metal ion but not sorb any of i its complcxcs Howevcr studies have shown thal in.
fact tlus condition is met when only ncganvcly charged complexed spccxcs of the metal ion
are prescnt It i 1s not met in the presence of posmvcly chargcd and neutral species (22 88).
In this study, specificity of CPG-Oxine’ for Ca®*, by using thc column eqmllbranon
. method, was tcstcd in thc same manner as descnbcd for tggcanon cxchangcr (19, 2’7)
Solunons contammg Ca?* and added ligand were prepared at pH 7.00 to contain vasoTs.,

\a
O, 1n a particular ionic strength, and were subjected to the column cqmllbrauon . o
. . |

experiment. All [Ca?*] were expressed in terms of pCa, ie. the negative logarithm of
[Ca?-*], because 1t is commonly used for studies involving complexation equilibn'a

(155, 160) ‘and metal speciation (159). The "calculatcd pCa values were obtamcd by the .

- ,lthcoreucal calculanons described in Sccnon IV.3. The rehablllty of these calculated values _

...

 can be dctgmrmed_ propagation of error methods, or pnedlctcd via the Stolzberg
approach (159) which suggested that for the most favorable systems, such as calcium-
N EDTA where the compctmve rcacuons are ummponant the expected unccnamty of pCa.
wxll be less than 0.1 pCa unit. In other case&herc weak complcxes are formed the
unccnmng?of pCa will be cxpectcd 1o be 0.2 - 1 0 pCa units.
IV.4.2.1 DETERMINATION OF Ca?* IN THE .PRESEl\:'.CE OF CalL?
COMPLEX : \
EDTA was used as an added ligand in this §tudy because it formqs)on‘ly the ‘
negatively charged complex CaL? which has a conditional constant (B') of 2 5x 10" at pH
7.00andc=0.1 M (161) The EDTA- contamfn:g solutions v were prepared at ¢ = 0. 10M 10
obtain O, = 0.5, 0.3 and 0.1, i.e. about 50, 30 and lO% of the total dissolved calcium as

Ca?* (Table 4.3). Results in Table 4.14 show that agrecmcm bctween calculated and
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, ;riéaSurcd- pCa is within the 95% confidence limits. This ihdicatcs that CPG-Oxine is

' sclccnvc for Ca in the presence of negatively chargcd species, as is als\truc for a cation

cxcl}angcr.
V422 DETERMINATION OF Ca?* IN THE PRESENCE OF :CaL*
‘COMPLEX ¢ _

~ The dipeptide anion camosinate and the picolinate anion were used as ljgands in this

case as they both form the positivcly-chargcd complex Cal.* which has a B’ vajue of 4.1

for cai'n6$inc at pH.7.00 and c=0.25 M (162,163), and 63.5 .for picolinic acid anpH 7.00
and c = 0.1 M (165). The camnosine-containing solutions were prepared at ¢ = 0.25 M 10
have about 70, 50 and 30% of the calcium as Ca?* (Table 4. 5) On the other hand, the
picolinate-containing solutions were pn:parcdéax"c ‘0.10 M to have about 50% Caz* The .
results (Tablc 4.15) demonstrate that the ca]culzﬁpCa for both ligands is wnhmthc 95%

confidence limits of the measured valuc suggestiNg that CPG-Oxine is also :

Ca* in the presence of postively charged calcium complexes. The unccrtaind:s of the
calculated values of pCa‘arise from the uncertainties in pK, and log P values reported at ¢ =
- . % ‘ . . -

« '0.1 M and in the calculated activity coefficients that were used to correct these constants 10+

their corresponding valdes at ¢ = 0.25 M :

IvVv4.23 DETERMINAT]ON OF Caz" IT\ THE PRESENCE OF CaL
' COMPLEX : | S
With phthalate and sulfate as ligands, at pH 700 the calciﬁ'fni_cbmplcxcs chc
present as neutral Cal.. The phthalate complex ﬁa‘s values of B' of"dO and 16atc=90.1 ahbd
0.3 M (160,165,166), rcspccnvcly For the sulfate: complcx the B va]ucs are 25 and 12 at -’ )

c=0.1 and 0.3 M (167-169), respectively. Thc so]unons for both hgands were prcparcd at
pH 7.00 to contain various ac_, as indicated in Table 4.7, in either c 0. lO or 0. 30 M

The results in Table 4.16 sbow that the calculatcd pCa for both ligands is within the 95%
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s

' conﬁdence limits of the measured value, suggestmg that CPG- Oxtne is selecuve for Ca2+ ’
Lhe presence of neutral calcmm complexes as well. The uncertamnes of the calculated
values of pCa in thlS case arise from lhe uncertamtles in pKa and log 3 valuesreported at -

both ¢ = O and 0.1 M, and\kn the calculated actmty coefﬁcxents that were used to correct the

thermodynarruc constants to their correspondtng values atc= 03 M

IV.42.4 DETERMINATION OF Ca2+ IN THE PRESENCE OF BOTH
CaL AND CaHL" COMPLE)&ES
Mahc acid and tartanc acid were used as ltgands which form Sngﬁcant atnctunts of

both neutral and cationic complexes with calcium at pH 7. 00. The BC L and BCaHL; values
"for malate atc=02M are 1.54 and 4.78 X 10 respectxvely (165)' and for tartrate at ¢ =
‘0 2. M are 1.69 and 1.11 x 10-3 respecttvel}, (165). The soluuons for both llga%ds were
prepared at pH 7.00 to contain various aCa, as 1nd1cated in Table 4.9, in either ¢ = 0.20 or
0.30 M The resultc in Table 4 17 show that the calculated pCa for both ligands i is, mthm
the 95% conﬁdence llmns of the measured value. It is further conf'u'med that CPG Oxine is-
selecnve for Ca®* in the pr&ence of complexed spemes Wthh contain about 79% CaL and
21% CaHL"*. The uncertamn‘es of the calculated values of pCa in thls case arise mainly
: from. 1he uncertainties’in the calculated acnwry coefﬁc:ents Lhat were used to correct both K,

.and B ateitherc=0o0r0.1 M to their correspondlng values at ¢ = O 2or O 3IM.

it N
-3

Iv.4.25 DETERMINATION OF Caz" IN THE PRESENCE OF BOTH CaHL"
AND CaH L COMPLEXES

With citric acid as a llgand at pH .7.00, the‘nesveiively charged species (CaHL") is
the dominant complex. It has' a BéaHL. value of2 X 103 and a rather small Q:,H L value of
7.3 at PH7.00andc=0.1 M (165 170) The citrate- contammg solutions were prepared at - .
¢=0.10M to have about 60 40 and 4% of Ca?* (Table 4.1 1) The results in Table 4.18

8
show that the agreement bet_ween calculated pCa and measured pCa .isv.generally within the
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95% conﬁdencc hmlts although thcrc are some dlscrcpanmcs at O, = 0.04. Possxblc
" reasons for the hlg‘h cxpcnmcnta] va]ucs of [Ca**] at very low O, (e.g. ac, 0. 04) are
~ calcium i unpunucs in the citric acid and partial dissociation of the calcium-citrate comp]ex in-
the pores of the CPG-Oxine during the water washmg step. chc;'thcless it is again
suggcstcd that CPG-Oxine is selecnve for Ca?* i 1n the presence of both negatively charged
and neutral species. The uncertainties of the calculated values of pCa arise mainly ﬁom the
uncenainties in pK, values reported at ¢ = 0.1 M and in the calculated activity coefficients
- that were used to convert the thermodynamlc constants of B to their corresponding values at
c=01M, ' - e

J

IV.5 CONCLUSIONS :

Although calcium ion-selective electrodes have been used for a’long time for
measuring Ca®" in biological fluids, there is increasing n:cogmuon of the limitations and
prob]ems relating to the calibragjon of the electrodes in complex mixtures, such as
b1010g1cal ﬂuxds due to variations in ionic smength interferences of bxochermcals and
, consequem difficulties in matching standards to samples. Obv10usly qucsnons c:oncernmry
the clinical and medical uses of these elcctrodes for accurate and effective Ca2+
- measurements still remain. It appears that the devclopmcm of an accurate method to
measure Ca%* in biological fluids is necessary and challengmg

The use of CPG-Oxine as a sorbent in this study has proved to be moni selective
than the convcntional cation exchangerA(‘22,88) for measuring fre_c metal ion concentrations
by the ;:olumn equilibration method, in the presence of metal-ligand complexed species.
Clearly, funher studies employing immobilized i gands in the column cthbranon method

~ s
. A -

for frcc metal ion dctenmnanon are Jusuﬁed ' : X



"CHAPTER FIVE. = .* °

FEASIBILITY STUDIES OF MEASURING FREE CALCIUM IN REAL
SAMPLES BY THE CPG-OXINE COLUMN EQUILIBRATION METHOD : /

V.1 INTRODUCTION :

At present determinations of [Ca2*] are frequémly done by using the calcium ISE
and indicator methods, pam'cu]ar]y in the field of biomedical and clinical analysis, even
though they are still subject to interference and sensiavity pTOb]t:"mS,-'I'l:I_iS ié because these
methods allow mc:a\t.@ems for both extracellular and intracellular Ca?* activities.
Although the ion-exchange column equilibration method can pmv1dc sufficient sensitivity

1o measure mtracel]ular [Ca2*] from 1073 Mo 108 M, itis probably more practical for
mcasunng [Ca?*] in bulk body fluids, such as urine, because it rcqum:s a large sample
vo]_umc in order to equilibrate the column.

The ion—exchang?fﬁ‘fmn oquih'bration mcthod has been used to determine (Ca™]

in urine (88). However, it was found that the method is not Specxﬁc for Ca®* and rcqu1red
& %he addmon ofa vcry h]gh concentration of swamping clcctrolytc in order to obtain a trace
- loading condition for Ca?* on the sulfonated ion-exchange resin. Unfortunately, increasing
ionic strength can reduce the activities of i 1ons by dccrcasmg the mean activity cocfﬁcxem
(127), which can chan ge the complexation behavior bctwccn Casz and the lxgands in urine,
and conscqucnt]y, pcrrurb all cquxhbna in the systemto a con51dcrable extent. Funhcrmore,
complcxanon or ion-pair formation between Ca and the anion of the clcctrolytc can also
be a serious problem at high electrolyte concentrations because of the decreased acuvny of
the Ca2+ species.

" In this chapter, studies of L}-lc possibilities of using the CPG-Oxine column -

equilibration / AAS method to determine [C22"] in rine and wine samples are reported.
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V.2. ILIMITATIONS ON THE CPG-OXINE COLUMN EQUILIBRATION

~ + METHOD: | - ',
Although the use of CPG-Oxine in conJuncuon with the column equilibration

technique has shown better selectivity and more rehable measuremems of [Caz*'] than the

cation exchanger, there are two major limitations for using CPG-Oxine in the colqr}un;. 3

equilibration technique : -

a) 'i"he sample volume requ{rement'. It has been showu (Section I1.3.2) that about 8 mL of
‘sample was required to equﬂxbrate a 1 cm column. Therefore, it is not pracncal to apply
this technique to samples for which there i isa limited supp]y, such as blood, plasma and

o intracellular fluids.

b) The trace loading conditions for CPG—Oxine. Measurement of [Ca?*] by the column

' equxhbrauon method is based on a trace loadmg condition at which A is constant.
Therefore in.order to use CPG Oxme as sorbent the [Caz*] in samples must not be too
high (Section I1.1). The typical [Ca?*] for blood, serum.and urine is between 0.4 and 4
mM (30,36 46,58,69). For intmcellular fluids it is between 0.01 yM and 0.1 mM

'(51 69) In most natural waters, the [Ca *lis 1n the range of 0.7 - 10 mM (179-181).

In order to use the methogl on any of these samples trace loading of CPG Oxine must not _

be exceeded by solution concentrations of Ca* in the appropriate ranges. - |
The norrnal ionic strength of urine is variable. Typical concentraiions for Na* and

K" are 120 - 220 mM and 35 - 80 mM, respecuvely (69) which contribute to the total ionic

strength estimated between O 08 and 0.15 M with an average of about 0.1 M. The pH of

urine is usually between 4.6 and 8 with an average of about 6.0 (182) The studies on

) ~ sorption isotherms (Section 11.3.4. 1) have revealed that at normal urinary pH and 1omc

strength, A, for Ca2+ on CPG- Oxme is constant for [Ca?" below about 0.1 mM (T able

2.5). Obv1ously, the [Ca2+] for typ1cal urine samples (> 0.5 mM) exceeds the trace loadmg
condition of the CPG-Oxine column equilibration method. Analysxs of [Caz*] for such \
’ - . 4. ' . . ' ' s ? ‘

L8
t
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- samples may be possible by measuring [Ca2*] in diluted samples, and then extrapolating to

~_ the [Ca®*] in the undiluted sample. Dilution of the urine sample will cause shifting of the

natural equilibria in urine and may inu'pduce a determinate error that is not compensated by
extrapolation. The magnitude of this error is expected to be influenced by the extent.o‘f Ca?*
(or species) buffering (83) in the original sample. The effegt of dxlunon on the degree of
Caz* buffering is dxscussed in ths chapter and the possxblhty of determining [Ca®*] in unne |
by using dilution is mvesngated.

. ' ¢

- V.3 ‘DETERMINATION OF [Ca?*] BY THE DI\LUTIO'N_ METHOD :

V.3.1 EXPERIMENTAL :
°
V.3.1.1 CHEMICALS AND REAGENTS -
The following chemicals were used in this study :

CPG-Oxine (Pierce Chemical Co.) was packed into a 1 em column which had previously

been used for the studies in Chapters Two and Four CaCO,, HEPES, NaClO, and K(l,
HNO NaOH, HCIO, were as described in Chapter Two Lanthanum chloride, | L .
»LaCl “7TH,0 (BnUSh Drug Houses) was reagent_&rgge Al] solutions were prepared with

¥

doubly dxsu]led deionized water.

'V.3.12 APPARATUS -

The operaung system used for the column ethbranon experiment has prev1oust ;

o -been descnbed in Sccuon I] 2.3. The Model 4000 AAS (Perkm-Elmer) was used. The

mslrumemal parameters are listed in Table 2. 1, but the pumping ﬂow rate used i in the
loadmg step was about 2 ml/min. |

pH measuremems were made with separate glass and calomel electrodes us,mg an ’

Accumet Model 525 d: gital pH meter (FlShCI' Scientific).



V.3.1.3 SAMPLES :

Four urine samplcs from one individual were collecled on four different days. Their
pH valucs were 5.88, 5. 92 5.78 and 6.13, at 37°C. R

A whnc wine sample, Cahforma chabhs blanc white wine (Emest and Julié Gallo)
with pH 3.3, was also used in this study Unllke the situation for unne no values of

[Ca2+] have prev1ous]y been reported for wine. . ' ' » —
V.3.14 PREPARATIOV OF DILUTED SAMPLES AND«’Ea2+ STANDARD
SOLUTIONS :

An urine sample }"35 collected and the nominal pH, which is referred to as the pH
at human body températ&‘ré (37°0), was taken immediately. After the. sample had stood for
about 15 min at room tempcrature 1t was dﬂuted with O 10M NaClO, containing 0.010 M
- HEPES to0 obtam vanous dllunon factors, and thepH of each dlluted sample was adjusted
to match the nommal pH value. Thc consequences of temperature change were ignored.

Ca? standard soluuons containing 0.010 M HEPES were also prepared in 0. lO M
NaClO, wnh Lhe same nominal pH value as each urine sample.

Dxlutcd urine samples and corresponding Ca®* standard solutions were préparcd
smu]arly, except KCI was used to adjust the ionic smength since K* s the major cation
(abOut 0.02M __) in the Ca]_fomxa whlteblwmes (1 83,184). Also no HEPES, buffer was added
to the solutions because the pH value for the wine was outside the effective buffer range of

HEPES.

N,

'V.3.1.5 DETERMINATION OF TOTAL CALCIUM:

on
Measurements of 1otal calcium (CCa)in urine and wine samples were done by AAS

‘(18__4-1 86). The urine and wine sampics Qere diluted 50 times with I%LaCl3 *>insure that

concentrations were within a suitable absorbance range. Calcium standards were also

&
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o prepared in 1% LaCl3, and v:énthanum diluent was used as a/b'lank. ’I‘he_La'CI3 was '

vy

included to eliminate phosphate interference.

V.3.1.6 DETERMINATION OF COLUMN LOADING TIME F@{;_URI@ ;L
< Diluted urine samples at pH 5.78:were prepared with dilution factors of 50, 100

and 200 times in 0.10 M NaC]O:1 containing 0.010 M HEI?ES; These diluted samples were

used for the column ]oading experiments with loading times of 2, 5, 10, 30 and6Q min, as

In order 10 see if ﬁltrauon 1s required, an undiluted urine sample was filtered
through a 0.45 um pore size membrane filter (Ultipor N66). The filtered urine - as diluted
50 times'in 0.10 M NaClO, comalmng 0.010 M HEPES at pH 5.92. A portion of the
original unfiltered urine was similarly dxluted t0 prepare another solution. These two dxluted

samples were used for the column ]oadlng experiments. " ' .

V.3.1.7 DETERMINATiON OF [Cai*] BY THE COLUMN
EQUILIBRATION METHOD :
' The measurement procedures have prevrously been descnbed n Secuon I1.2 5.
| \Four mitnutes loadmg time was used for all Ca2+ standard solutions because previously 1[ '
* has been observed that thls column reached equlhbnum in less than 4 min even at pH 7.00

andc =0. 10 M (Fxgure 2:12).
V.32 RESULTS AND DISCUSSION :

V.3.2.1 TOTAL CALCIUM :
The concentrations of. total calcrum in the urine and wme samples are presented in
' Table 5 1. The calcium content in urine was found to vary with pH and between samples.

CIf about 50% of the total ca]cnum 1n urine was present as Ca2+ (47), then it would be

{
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» ' o :
Table 5.1 : Total calcium content in urine and wine samples.
Sample Total Calcium.
| " Urine (pH 5.78 411 (£ 0.07) mM
Urine ( pH 592) 1.15 (= 0.04)~ mM
© . Urine (pH 588) 6.05 (+ 0.07) mM
Urine ( pH 6.13 ) 240 (2 0.04) mM
Wine (pH 3.30) 214 (+ 0.06) mM
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expected that [Ca*] in these urine samples would be in the range of 0.5 - - 3 mM. Although
there is no literature value for [Caz*] in wine, u might be expected that O would be large

“at the low pH of about 3. Therefore as predicted, both urine and wine have [Caz*] too hrgh
to be determmed directly by the CPG- Oxme column equlhbrauon method.

V. 3.2.‘7 LOADING STUDY FOR DILUTED URINE SAMPLES
In Chapter Two it was shown that a 4 min loading tirhe was more than enough to

equilibrate Ca%* -containing solutions with the 11 mg CPG-Oxine column. Because urine
may contam particulate and colloidal matter, e loadmg study was repeated for drluted
urine samples. The results in Table 5.2 show that when Lhe unfiltered urine sample is
diluted > 100 fold the loading time required to achieve ethbnum 1s the same as that for |
Ca?* standards. However, samples diluted < 50 fold are not yet ethbraled in 6(}mm
The loading curve for the sample diluted 50 fold is given in Figure 5.1. This effec:lls

. prbbably due to the presence of crystals (187) or colloidal particles in the urine. Some of
the urine_ samples were cloudy, especially after refrigeration The fact that the peak height
continues to increase, though slowly at longer loading times in Figure 5.1 suggestsvthat the
particles conLammg calcrum were beéng "filtered” out of the solunon by the column.
Sxmrlar behavror has prevrous]y been observed when loading solutions contammg

* filterable, colloidal complexed species to a cauon exchange column (27) : a

In order to determine. whether the ca]cxum -containing pamcles can be removed from'

urine by ﬁltranon loading curyes were obtalned for two pornons of the same urine
solution, one filtered and one unfiltered, after 50 fold diluttén. The ]oa_ding curves, which

_are shown in Figures 5.2 and 5.3 are nearly iden’ﬁ‘cal Even the filtered sample is not

+equilibrated after 50 min. Althougﬁ typrcal crystals 1‘r urine are in the size range of 41040

Hm (27), it seems that the majority of the calcium- -containing pamcles are small enough to

pass throught the 0.45 um_ﬂl‘ter. Evid- .y, from the results in Table 5.2, 50 fold dilution

is not enough to dissolve all of these small particles but > 100 fold dilution is.
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Table 5.2 : Loadmg times for unfiltered., urine samples

(pH 5.78) with 'various dilutions. Sampleb\
loading flow rate of 2 mi/min. "

4
Dilution Factor Loading Time Required
, L for Equilib“:ration
50 ’ -_.">",‘6C2,,m|n
100 5 < 2 min
200 *< 2 min
* . See Figure 5.1,
Y X ’
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Figure 5.3 : Loading curve for filtered urine sample (pH 5.92) with 50 't:}ld dilution.
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“urine and wine samples is poorly buffered (83).

133
On the assumption that the slow cquilibratioh of an unnc sémplc diluted 5'5(5 fold
is, in fact due to calcium- commmng particles, and because calcium in the pamclcs is not
Ca** in SO]UI]OH it was dcc1dcd to employ the 4 min equilibration time in all subscquem
studies sincg this tme is sufﬁc:cm to equilibrate Ca®* in standard solution. This shortcr
u'?no&wgl also minimize crron;dusly high values of measured [Ca2*} for ur'mc samples since y

[N
w

the accumulation rate of calcium on the column due to the particles is obviously slow as

" seen from the .smﬁslope of the loading curve after 4 min in Figures 5.1-5.3.

' V.3.2.3 EFFECT OF DILUTION ON [Ca®'}:

In the second columns of Tables 5.3-5.5 are presented the values of [Caz"] obtained
for diluted urine and in the second column of Table 5.6 is presented the [Ca?*] value for
diluted win;;For the entmes with an asterisk next to the corresponding dilution factor, the ,
column loading cxtécdcd trace conditions as shown by the fact that peak heights
cormresponded 16 concent:r;tions above the linear part of the Ca* sorption isotherm on
CPG-Oxine. For these cases the standard calibration curve wés also measured into the non-
linear region. | ' _ ‘

In the_third cblumns of Tables 5.3-5.6  are shown the values of [Caz*] obtained
from those in the second columns by’ simply mulaplying by the dilution factors. These
values for [Ca2 ] in the undiluted samples are also plotted versus dilution factor in Figures

.0 u

5.4-5.7. Tfhtkﬁlct that Lhc values of [Ca?*] for the undiluted samples obtained in'this way

increase with increasing dilution factor suggests that dilution of the sample converts more
calcium into the Ca®* form. This could result from dissociation of calcium-ligand

complexes and from dissolution of calcium-containing particles. It is clear that Ca?* in these -

A study was undcnakcn to see if an accurate value for [Ca®*] ini the original
undnlutcd semple could be obtained from values measured in diluted samples by
extrapol g_gng the data to zero dilution. This approach will work if the data can be accuratcly.
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Table 5.3 : Analysis of [Ca?*) in diluted urine (unfiltered,
' pH 5.78).Total calicium content in the original,
b * undiluted urine was 4.11 (+ 0.07) mM.

[Ca®*]in . ~ [Ca®*] Calculated 2 for

Dilution: Factor Di,luted Sample ~ Undiluted Sample.

500 TYasx105M 3374 (£0.19) mM
66.7 6.03 x 105 M 4.02 (20.20) mM
100 412 x 105 M 4.12 (20.25) mM -
200 224, x 105 M | 4.49 (20.36) mM

. [Ca®*) calculated for undlluted sample by multiplying [Ca2‘]

from diluted sample by the dulutnon factor.
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Table 5.4 :

~
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%

Analysis of [Ca2*] in diluted urine (unfiltered,
pH 5.88).Total calcium contént in the original,

undiluted urine was 6.05 (+ 0.07) mM. /

/’/ v |

oy

[Ca?*]in

’[Ca:‘ff] Calculated 2@ for

Diluted Sample Undiluted Sample

...............................................

944 x 10°M . 4.72 (¢0.21) mM
561 x 1058 5.61 (+0.00) mM
444 x 105M 5.92 (£0.00) mM
3.24, x 105 M 6.49 (£0.45) mM.

a: [Ca?'] calculated for undiluted sample by multiplying [Ca®*]

from diluted sample by the dilution factor.
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Table 5.5 : Anal sis of. [Gaz‘] in dtluted ufine (unfiltered,
L ).Total calcium content the " original,
‘ umn@@vasz 40 (%

[Ca?*] in . [Ca? Calculated 2 for

. Dilution Factor Diluted }S’é'r'r‘wple Undiluted Sa‘mple

e e e

1437 1.27 x-10 M ° 1.82 (20.07) mM
200 9.80 x 105 M 1.96 (+0.08) mM
22.2° 9.55: x %o'SM 2.12 (+0.08) mM
25" 8.84 x 105 M 2.21 (+0.09) mM
286"  7.94x105M 2.27 (0.11) mM
333" 6.85 x 105 M 2.28 (0.11) mM
"Z
a: [Ca?*] calculated for undnluted sample by: multnplymg [Ca®"]
from dnluted sample by the dllutuon factOr . .
/
"/

N\

N



Table 5.6 :

Analysis of [Ca®*] in diluted ‘wine (unfiltered,
- pH 3.30).Total calcium content in the original,

137

»

<

undiluted wine was 2.14 (+ 0.06) mM

[Ca?*)iin
Diluted Sample

" [Ca?*] Calculafed 2 for

Undiluted Sample

7.24 x 10° M "
6.49 x 105 M
§5 75 x 10°° M

500x10 M,

1.81 (£0.31) mM
2,16 (£0.39) m

2.30 (+0.44) mM
2.50 (+0.50) mM

............................................................

~a: [Ca?"] calculated for undiluted sample by multiplying [CaZ*)

from diluted sample by the dilution factor.
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Table 5.7 : Mean values of maximum and minimum concentrations

of some ‘major co'mponents‘ in typicalﬂ' urine sample (36).

Concent,ration" (mM)

'Major Component Maximum Minimum Mean
Calcium 626  1.45 13.86 + 2.40
Magnesium ., 596 144 3701226
Phosphate 13.3 3.05 7 818 %512
Citrate 333 0.833 . _ 208+ 1.25

Oxalate ' - 0.284 0.136°  '0.210 + 0.074

T T T T T T T T T T T T T sttt et e e e e e e e e e e e e e et e e e et ee ey,
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Figure 5.5 : Plot of undxluwd fCaz“] versus dilution factor for urine sample

’

a pH 5.88. Value of undiluted [Ca®*] was obtained by multiplying the

value of [Cai"] mﬂ& diluted urine by the corresponding dilution factor,
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Undiluted [Ca?*] x 103 (M)
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Figure 5.6 :
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Plot of undiluted [Ca®*] yersus dilution factor for urine sample
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‘at pH 6.13. Value of undiluted [Ca®*] was obtained by multiplying the

value of [Ca?*] in the diluted urine by the corresponding dilution factor.
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rcprcscntcd by a mathematical function (e.g. polynormal) _

poss1b11mcs of using this approach théorenca] calcnlanons‘were pcrfom)ed to pmdmt the/ S
effect of dilution on [Caz*’] in modcl solunon ﬂ;« vy ' .
'M N
V.33 COMPUTER SIMULATiON STUDIES OF DILU? ,r{
(Ca?] IN MODEL SOLUTIONS
/\\ _ T ) "
v.3.3.1 SIMULATED URINE SYSTEM _' ‘ 1

th the known composmon of urine (36, 66) and the available quantitative stability

constants, it is possible to use thc specxauon computer program COMICS 1o estimate the™
PR

' [Caz*] in dlluted urine, and consequently p}tdlct the variation of [Caz*'] with dilution.

The COMICS program is discussed in Appendix II. The iterative calculanons give
the concentrations of all calcium-containing species as a functon of pH and component ’ “
concentradon. | o |

The rr‘od..l solutJon chosen to represent urine was made to contain calcium and
magnesmm at the mean conccnuafxons reported for typical urine samples (Table 3T7). It ‘

also contained phosphate, citrate and oxalate hgands at the'mean concentrations reportcd for »

. typical urine samplcs (Table 5.7). The pH range invcstigatea was ‘hetween 55and 6.0in
’ N

order to simulate the pH values for the urine samples listed in Table 5.1. The .éc'luilibripm |
constants used in the COMICS program are presented in Table A.1in Appendix II.

~ When calculanons were carncd out for complexanon of both calcium and

" magnesium with the thn:e ligands, it was found about 33% of the total calcmm was

complexcd ‘most of m by citrate and a much smaller amount by oxalate, and about 20% of
the total magnesium was complexed, most of it by citrate and a much smaller amount by A
oxalotc. Only ncgligiblc amounts of calcium and magnesium were complexed by'
phosphate. Therefore, in the rcméining siudies citrate was used as the orﬂy ligand in the

mode! solution to study the effects of dilution on Ca2*,
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V332 RESULTS AND DISCUSSION :
Figures 5.8 and 5.9 show the computer simulated plots of [Ca®*] in the undiluted

' "tiosofoz 0.7,1.5,3.0 and 6.0 at

solution versus dilution factor for citrate to

7
: pH 5. 5 and 6.0, respectively. The value of .

el

s obtamcd by multiplying the value of
[Ca?*] calculated via COMICS for the diluted solution by its dilution factor. 'l("'he curves in
Figures 5. 8 and 5.9 at high citrate to calcium ratios are extremely non- linear and show
dramatic changcs of slope at dilutions of < 50 fold. It is clear that successful curve fitting to
permit accurate qx’tfapolau'on to zero dilution woald réguiré the collection of data at dilution
< 50 fold. However, asgiscussed abo;/;/, these low dilutions produce calcium loading in
the distinctly non-linear part of the Ca®* sorption isotherm where the results are imprecise |
* and where Mgz* uptakp would alter the measured value of 7\0 (Section II.3.4.4)?
Furthérmoré, from the c'ufves obtained at various citrate to calcium ratios in ‘vFigures
- 58and5 .9 it:can be seen that a mathematical eplu‘ation which would describe the curve at
one ratio would not describe it at. other rau'os Thus, it would be necessary to determine thg
:'.cm"ate comcnt ofa samp]e in order to determmc [Ca *’J Obviously, it would also be’
neccssary to determine oxalate and magncsmm and perhaps other components as well.

Thc need to dclemﬂhc many components in addition to measuring [Ca®*] at scvera].

dxluuons and the need to collect data at non-trace (low dllunon) conditions make the

dlluuon approach for measuring [?}12*] unattractive.

V 4 CONCLUSIONS _ .
Due to the restriction of trace loadmg in the column cqt;xhbranon technique, the ‘use f
of a CPG Oxine column for direct measurement of Ca2+ in blologlcal and water samples
containing high [Ca®*] (c g2 0.1 mM_) is probably 1mpossxble at thls stage.
The use of a dlluuon /extrapolauon techmquc to obtam accurate valucs of [Ca?1]in

\such samples also seems not to work, mainly because the minimum dcgmc of dilution

-



Figure 5.8 :

Undlluted [Ca?*] x 103 (M).
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Plots of undiluted [Caz’] YEIsus chlunon factor for sirnulated urine
samples, with cntr;;tc to calcium ratios of 0.2 (@), 0.7 (x), 1.5 (n),
3.0 (a) and 6.0:(#), af pH 5.5. Value of undiluted [Qz‘] was
obtained by multiplying the value of [Ca%*] in the dxluted urine by

the corrcspondmg d:lunon factor.
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Figure 5.9:
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Plots of undiluted [Ca?") yersus dilutign factor for simulated urine
samplcs with citrate to calcium ratios of 0.2 (@), 0.7 (x), 1.5 (%), .

3 0(a)and 6.0 (@), at pH 6.0. Value of undiluted [Ca2*] was

obtamed by multiplying the value of [Ca2*] in the chluted urine by
. the comresponding dilution factor.
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" (>50fold) needed to achieve trace loading conditions on CPG-Oxine is too great to permit
accurate extrapolation to zero dilution.
The solution to this problegn, as will be discussed in Chaﬁtcr Six , is to replace
“oxine" as immobilized ligand with another ligand which has a much smaller conditional
stability constant for Ca®* at pH = 6. The result would be that the trace loading region

would be raised to include much higher [Ca2+].

e



CHAPTER SIX

FUTURE STUDIES

f
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. In the prescnt mvesu gauon in wh1ch CPG Oxme was subsmuted for convcn;lonal

cation exchange resms in the column cqulhbratron /AAS mcthpd for mcasur}ng Ca , the

oy

results are promising. Thc major advantage of usmg a CPG Oxme cohlimn is {.hat it is mor‘%:

&, N K

specific for CaZ* , especially in the prcsencc of cationic calcrum con;arrﬁng sp&crcs";*l'he;a x

‘column cqurlrbrauon / AAS mcthod in gencral seems to be lcss subject to mtérfercnec ‘th‘ian . ‘1"

other techniques, such as ISE potennometry
Drrect measurcmcnt of Caz““ in brologlcal fluids using the column equrhbramon /

AAS method should be possrblc if an 1mmob1hzed hgand havm ga %owcr condmon’al

'constant than "oxine" is uscd Thc main cmphasrs of furunc work should be the '
1dcnu¥;%atmn of such a hgand and bmdmg of the hgand toa surtablc\supporf ngands such
as - ammopropronatc amrnoacctatc and glycylglycmate mrght bc tried.

As far as supports are concerned, one consrdcrauon is the hydrolyuc stabxlny of Lhe
ligand-support bond and another i is thc amount of residual romzable surfacc groups (e g.
silanol). Porous glass (e. g C}?G) seems to be a surtable suppon but it cannot be used in
high or low pH solutions (1 15 118) due to hydrolysis and furthcrmore it has a lot of
resrdua] ionizable surface groups. Chemically modrﬁed silica, in which the rcsrdual srlanol
éroups are "end-éappcd" with an organio group should have far fewer residual ionizable =

groups. In addition, porous organic polymers such as amberlyst XAD-2 (styrp:e- e

E _ drvmylbcnzcnc copolymer) (194-198) would be expected to haye fewcr rcsrdua] ionizable

groups than glass or silica. The polymcr Fractogel TSK (93), which is a vinyl polymer,
has also been used as a support for immobilized hgand. In gcneral, a high ligancl capacity is

148
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‘ 149
probably desirable in order to.yi‘cld good sensitivity whic@naining under trace metal ion
l‘oadjng conditions. . .' | |
. It is also rccomhuendcd that the ;'olc of the water washing step in the coiumn | O
equilibration mcthbd be more thoroughly investigated. Because of the possibility of
dissociation of the meta]-ljgaxd complexes in §9!:“.@°" in the pores, it might be better to
eliminate the water waShing step. In this case, it would be r;ecessary to measure accurately
: ‘the void volume of the column, valvé apd associated '

: ~
- contribution of calcium in solution from the observed AA signal for a sample.

tubing in order to subtract the
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APPENDIX 1

- The sorption isotherms for Ca?* on CPG- Oxmc (Batch A) undcr vanous solution

pH values and ionic strengths are pncscntcd in the following ﬁgures p

FIGURE a | - | PAGE
Al Sbrption'{sotﬁcm for Ca®* in 0.10 M NaClO, at pH 8.01 on
the 11 mg CPG-Oxine columrj.. ciheeseneane i, 164
A2 ° Sorption isotherm for Ca®* in 0.10 M NaC~104 at pH 7.00 on
the 11 mg CPG-Oxine column........ccuoeuvenn... e eeeieeean. 165
A3 Sorption isotherm for Ca?* in 0.10 M NaClO AtpH 6. OO on '
the 11 mg CPG Oxine column....'...' ..... e eeereneaas ceeenes. 166
“A4 Sorption isotherm for Ca®" in 0.10 M NaClO, at pH 5.00 on '
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' COMICS.PROGRAM

. Valuesof [Cazﬁ for solution containing several m;:tal ions and several ligands, as
in Seetion 1V.3, were calculaied using a slight]y modified version of the speciation program -
 called "COMICS" (7) The program was written in FORTRAN and stored in the Michigan
| Terminal Systcm (MTS) of computmg services, the Umversny of Alberm
COMICS is one of thcg:ommcrmally available programs designed for the calcu]auon
of éthbnum concentranons in solution. The caICulatlon involves a sxmp]e species
_ dlSII’lbUDOﬂ routine usmv iteration (Flgure A.13). The modlﬁcd program included an
] addmonal subroutine which prov1ded fracnona] species distributions of the mctal"m a
| ;tabular form. The scheme of the. COMICS method (Flgure A.13)is dxscussed bneﬂy below
~ (7.180): t ST

A general form of a complcxcd spec;es (J) that contams the metal -ion (M ) and

hgand (L;) is given by

M. Ly;iHgly \ A

¢

where subscripts a, b and d denote stowhmmemc coefﬁcu:ms for’ Ml, L, and proton (H)
respectively. aand b may be crth-er po\mve or Zer0 mtegcrs whereas d may be a positive
’ 1megcr for hydrolyzcd spec1es zcro ora ncgauvc 1meger for protonatcd spccu:s '
- The concentration o_f ], CJ, ch__aractenzed by a stabxhry,const_ant (By), may be wrﬁttcn

as

Cy = ByIM® L, 1) ' ' (A2)

176
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DATA /
B " | Initiel estimetion for |
(M) &IL,)JbYEqQAS& AG -

} ~ ) - _ ‘
‘ - -

Celculation of complexes,

. f
[Find theoretical + - | Ré=estimate for

(Tp 3dcate & (T 5 )cak by : M1 & [L) by Eq. A7
EQA3&EQ A4 . < |&EqQAB '

l‘ (T,.L,-)cm - TM,iI <« a
No

, (TL,i JCale - TL,i l < a
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-l

RESULTS

END

I
A ]

- Figure A.13 : Schemes of COMICS method,
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N, . . _' ,
The total concentration of M; (Tyy;) is then -

. n ' .
Tmi. = [M] + YaC ‘ O (A3) .
- i=1 .

Yoo
The 1otal concentration ovai (T ;) is given by

n ) .
= [L} + YbC, o N 0-W: ) B
=] o I .

o
Wwhere n is the total number of complexed species cohtajning M, in the syStem
The computcr reads from 1 mpux data and sets the \alucs a, band d for aI] specxcs,' '
the correspondmg BJ Tumi for cach metal ion and TL, for each lxgand ﬂie pH Values at

1wh1ch Lhe dlstnbumons of thc spec1es are to be computed and then csnmatcs the mma] [M,]

and [L.i] b_y assunung 'jf
| [M'] =ATM-iY o S ' l ‘_ ~"(A.5)
» , n ., ’ - , ; -
(L] = T /(1 + Eﬁjm]d) L (A-6)

,The quantity on thc nght hand side oqu A. 5 1s computed for cach kind of metal ion and
, sunuarly for cach l1gand (Eq. A.6), to give thc first approxxmauon quantities that can be
designated (Tyy Jcyc and (T ;)cyc. The initial estimates of the fiee metals (IM,]) and
vli'gands ([Li]) are then replaced by - o n -

M) = M) {Tyi/ Tudoac)? @A



Ll = L (T /Toeu o an T

th thcsc new valucs ([M ] and [L;] ) thc calculations are repeated to obtam bcm:r .
\estimatés of [M ] and [L ] The proccss is fepeated unil all va]ucs of (T, ,)C,dc and (TL ) Caie
dxffer from thc corresponding valucs of TM i and-Ty_ ; by less than a specified quanmy (A)
usually 0. 001% thm this accuracy, the final values of [M;] and [L;]} satisfy all thc
cquauons for mctal ion and hgand conccnfmnons These final valucsam uscd to computc ‘
| the equilibrium conccntrauons of all spccnes and the results are pnmcd out in tabu]_ar form .

. LAY T
-The data mput for COMICS mc]udcs (1) stoxchlomcmc déscnpnons of al] comp]ex

| oﬁsxdcrcd, such as mcta] hgand comp]excs and hydrolyzcd~and protonatcd
:‘spcclcs a]ong wnh Lhexr stablhty constants (u) total conccntranon of éach’ componcnt and
- i A(m) pH valucs under mvcsngauon The stablhty constams only for thosc componems |
- Wh]Ch paruc1patc in complexanon uscd for all stud:es were taken from data compilations or
from specific. htcraturc rcfcrcnccs Gomccuon for ionic sm:n gth, if ncceSsaQ' was madc by
usmg thc ca]culatcd mean actmty cocfﬁcxcms based on thc Davies equation ( ] 50) The data
input and output of.a samplc ca]culauon (c g ca]cxum spccxanon in unne) are gwcn in L "
Fxgurcs A.14 and A 15, rcsaccnvc]y The data i mpux procedures for Figure A.14 are
g 1llustratcd in Figure A.16. It 13 important to mput data in the correct fprmat as SpCClﬁCd in -
Flgum A.16. ' ' | '
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"4. Line #4-20 :

o ; - 184
 DATA INPUT PROCEDURES: N
Iy Creat a data file, e.g. Patl (See Figure A.14). ,
T0) Edit Patl in the following format : \ - o o :‘
1. Line #1 : Number of jobs to be run. Start at Column #2 for less than le jobs. .
2.Line #2\  Title of the job. Start at Column #1. ‘
3.Line #3 : Number of ligands, metals and equilibria involved.

Column #1-2 : Number of ligands (maximum 10 ligands), i.e. 3 for

phosphate, citrate and oxalate.

leolumn‘#3—4 : Number of metals (maximum 10 metals), i.e. 2 for

calcium and magnesium.

Cc;lumn #5-7 : Number of equﬂlbna 1e. 17 (See Table A. l) ,/

/

St01ch10metr1c coefficients of ligands, metals and proton. b/
Cof-.pmn #2-20: Stoichiometric coefﬁc1cnt of ligand'in each pecies
" (Sce Table A.1). Use Column #2 for ph phates
: ,A -and Column #4 for cu:rates etc. /
Colur&p #22-40 :  Stoichiometric coefficient of metal idn in éagh‘ _ /

species (See TaSlc A:1). Use Colimn #22 for

calcium and Column #24 magnesium. .
Golumn #41 -42 : eStoichiometric coefficient of proton in each species

(See Table A.1). P ‘
. o . . O « . .
Column #53-59 :  Value of log B-for each species (See Table Al
o Fix deciral point at Column #55.
' . .

bl

Figure A.16 : Data input pr(_)cedu;"gs for the COMICS program.
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5.Line #21 :- Total concentration of each ligand. Ent&® ligand concentrations in the
order previously assigned, i.e. phosphate, citrate, oxalate. Use 3

significant ﬁgums only-and without any spacing between each

%

KN

" concentration.
\6.,.Liné #22: To‘tal‘ concentration of each metal. Enter metal ion concentrations, in the ‘
order previously assigned, i.e. ca]ciurh", magnesium. Use 3 significant
figures only and without any spacing'bcitwcen_each concentration.
7. Line #23-28 : IYalues of pH. Start from Column #5; enter thé pH values under
| N investigatibﬂ on separaté lines. .Use 6 signiﬁ'c‘:am figures for each pHA _
' and the last pH value should E)e ended Wi_th anumber 1.
‘ ‘. 10I) Create two output files, e.g. Pat1.Qutl and Pat2.0ut2.
IV) Run the COMICS program by using the following command :
| .RUN' MODCOM.1 1=Patl 3=Pat1.0Outl 4=Pat1.0ut2
" V) List Pat1 (Figure A.14); Patl.Outl and PatI.Out2 (Figure A.15),

@

Figure A.16 : Data input procedures for the COMICS program (continued).
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Table A} : Equi]ibm in the simulated unne system (Secuon V.3.3.1).

. Siochiomeic Coefficient
Equilibnum’ ‘ M L " H log B, 'R:fcrtnCt
OO0 PO
Ca’ + H,PO, === CaH,PO, ! 1 0 06434 179
7 Ca¥ + HPO,? &=5 CaHPO, {1 0 1‘.8’18?' 179

H + PO} == HPO? 0 1 ] 117399 169
2H" + PO} &= H,PO, 0 ] -2 17.4612 169
IH + PO} &S H,PO, 0 ] 3 194612 169
Ca’ + HGP &= CaHCn 1o 1 0 22090 17
Ca'e Ot == Gl 1o 0 35291% 180 .
H « Of & HGOP o 1 T se90s 166
2H « Cn* & H,Cr 0 . 2 100401 166
3H + O & H,Cn 0 1 -3 12.9097 166
G+ COL &= GO0, - 1 i 0 20682% 181 1
H + G0, == HC0, o 1 ] '3.8210 166
2H" + G0, &= H,C,0, 0 R 2 48610 166

K ‘Mg + HPOY &= MgHPO, I 1 0 161870 182
Mg~ + HOP &5 MgHCn L 0 15784% g

Mg et e Mow 1 T 0 3%t 18
0

Mg + GO0 &== MgC,0, - 1 1 25488 184

v a : Calculated.from thermodynamic constant 1o ¢ = 0.1 M
O : Qi ie. CgHO o



