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A method forithe micro-titration of total calcium
ih urine.with EDTA,-using calcein as a fluorescent indic—
ator, was deGeloped. Of the major spe01es normally found
Vln urlne, only phosphate 1nterferes serlously, and thls
interference can be overcome by approprlate selectlon of
sample size. A serlés of urine samples tltrated by Ehls
method gave values that agreed reasonably well with thoée
obtained by atomlc absorptlon spectroséopy, but averaged
slightly hlgher.- . o L

| Methods for the depermlnatlon of 1on1c ca1c1um 1n’%ﬁ~
urlnelwere examlned ~ The coated wire calcium 1on selectlve |
'electrode reported by Frelser and coworkers was prepared
and - evaluated It was found unsultable for the determln-‘
,atlon -of ionic ca101um due  to erratlc and ﬂon reproduc1ble
behav1or. The spectrophotometrlc technlque of Raaflaub
A'u51ng tetramethylmurex1de was “found to be more‘rellablei'h'
and accurate. A set of urlne samples was analyzed fo{\
'1on1c calcium by, thlS method and for total ca1c1um b¥ atomlc
"absorptlon spectroscopy An average of 55% 1onlc ca101um '

.was found

<No reliable,methOd'hasvbeen reported'forztheddetgr—
'mlhatlon"of 1on1c magne51um in blOlOglcal fIUldS.? wOrk
-was 1n1t1ated to f1nd a reagent analogous to tetramethyl-‘b
fmurexxde for thls_analy51§.5‘rheecompound 17(2 —Carboxy—":

[



3 ¢

o

1" -benzeneazo) -2-hydroxynaphthalene was synthesized and

t,
N . . . v

:investigated but WaS'found to bé unsuitabieTowiaéato_the |
.'1nsolub111ty of~the magne51um complex. A'more Solzsre;deé
rlvatlve was prepaxed\\? 1ncorporat10n of a sulphonlc ac1d'
group in the molecule (R = SO H) , However, complex form—
atlon w1th magne51um takes place only at pH values above i
the phy51ologlcal range, whlch makes 1t unsultable for theV

'analy51s of blolOgmcal flulds. .' B ff~* o "!
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. CHAPTER I
. N, )
s - ‘ « {
' * INTRODUCTION I

L

" The analysis of biological;fluids'such‘as blood
serum and urine has been used for‘many years as an aid in

<

the dlagn051s of certain dlseases, in monltorlng the pro-

o " ?
gress of patlents ua hospltals,-and 1n medlcal research

o Ca101um 1s an lmportant element ‘in blologlcal systems
and plays a part 1n many metabollc processes,.lncludlng
conduct;on of nerve . 1mpulses, muscle contractlon, and

" blood clottlng. It 1s also related to kldney stone dls-

ease (urollth1a51s) 51nce these stones frequently contaln(

‘l ca101um.\ B V_wf - "," L o h(5/~'
~  The measurement of- total calc1um in brolOglcal

‘flulds has been made- by a varlety of technlques. iin_
hOSpltalS the most commonly used method 1s a spectro—
photometrlc procedure u51ng cresolphthaleln complexone;
although other reagents,llncludlng methylthymol blue and

allzarln, have been used 4 ]

F‘A

c cause 1t 1s:rap1d accurate and 1nterference effects aref‘

generally ea51ly overcome.Sflq

also been used for the determlnatlon of calc1um ln serum'

o and urlne, ‘with- ethylenedlamlnetetraacetlc a01d (EDTA)

# 11-15

- as tltrant dhd calcein as 1nd1cator,ae,, However, 1ow

\ .

esults and Qoor end poxnts are often encountered when f}fﬂf”ﬂ'

0N

1-.'3:‘

.'Atomlc absorptlon spectro-f

photometry 1s now w1dely accepted for thlS analySLS be—.i“

Tltrlmetrlc analy51s hashaj

&



v

the détermination of calcium in untreated urine is at-
tempted by this method 13~ 15 Part of the work descrlbed

in thlS the81s 1s concerned w1th a search for an 1mproved
. [y . ;.
method for the analysds of calc1um in urine by " tltratlon
e A\
w1th EDTA This would be useful for small laboratorles

that do not have access to equ1pment such as atomlc ab-

P

sorption spectrophotometersa
. Thé methods outlined above in genefal measure the . .

total calc1um concent;atlon and thus do not dlstlngulsh'

between free' and ?omplexed Ca101um In blood serum and

!

& urlne approxlmately 40% to 60%‘of the calc1um ex1sts as'

’

the free 1on (co ordlnated to solvent only), the remalnder
belng,complexed to llgands ‘such as c1trate and phosphate,

- and in blood serum also to~prote1ns. It has béen known
£ 1 C
i

for many years that it is the free} or 1on1c conCentra— v

tlon (or. more accuratelg the 1on1c act1v1ty) of calc1um '

that is phys1olOgHFally actlve l6 ;7 and therefore a

I

measurement of thls fractlon is often mdreCf/luable to
the cllnlcal chemlst . For. example, in thel/study of

bi‘urollth1a51s 1t has bee? suggested that one condltlon for

: tdat

nucleatlon(of stones i

L 4 N “

e urlne be supersaturated

w1th respect to two ions - W 1ch fOrm an’ 1nsoluble salt

« . /

such as ca1c1um and oxalaté Many attempts have been o
e e

made to correlate ionlc concentrations of spec1es such o
as ca101um oxa te, and phqsphate 1n urlne w1th the for-:J“
matlon of kldney stones, but the process 1s Stlll pgorly



. , . . — )
understood 18- 21 . ’ . ‘

'Y \

Varlous ‘methods have'been employed to measure ionic-
calcium concentratlons. These 1nclude the use of ion-

. selective electr‘Als and blologlcal Spectrophotome ric
tand/calculatlon technlques. Of these, the greatest d-
‘vance in recent‘years has been in the fleld of 1on—se1ect1ve
5 electrodes._ The 1ntroduct10n of commer01a11y avallable‘

_calC1umilon selectwve electrodes has led to exten51ve

. research 1n cllnlcal chemlstry and the blomedlcal

L
4. 22, 23

fiel Most WQrk w1th the ca1c1um electrode has been

: done with blood serum, where it has been\found to glve

~ good results. For urlne, the electrode has not been very}:
: satlsfactory because of- dlfflcu}tles arlslng from large
g'varlatlons in comp051tlon, 1onlc strength and pH of urlne

samples.24- Thls theSLS-lncludes a descrlptlon of" work

)
-

that was carried out'on the preparatlon and stud§ of a

v . . ~,

new type of calc1um-select1ve electrode, 1n1t1ally pro-\

24a

posed by Frelser :and coworkers,_}k con51st1ng of a liguld ‘p'

¢

ion exchanger in a polyV1nyl chlorlde matrlx coated on

a platlnum wire. L ,.[Z._“ L _— D

[ - .
~ wt - . : o

of contract}pn of the ventrlcle of -an. 1solated frog heart o o

.:pcan be related to 10n1c calclum concentratlon,;6 ;7 ‘an d

N

'thls method has been w1dely used although 1ts obvxous

o

: p'llmltatlons now render 1t obsolete.lnyt.:_

If 1nformatlon regardlng the total concentratlons

-
. ’ . RN
L I N o . Lo -l

Al 8 . . - R A e

{i;‘f;d.;:ifg{ihﬁb 1;;3,;\t;>2gv?fg;ip?;;;;.,eprp.tI?;bj,f_<

It has been known 51nce 1934 that the amplltude :v:f .rﬁﬁflh
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of all major specles present in a solutlon is. avallable,
and the\equlllbrlum constants of all the p0551ble com-
plexes are known, then 1t is p0551ble to calculate the
ionic concentratlon of any of the-species. Thlsvhas been.
done for calc1um in urlne by Robertson,24 usingda computer

N

to carry out the calculations by a processiofnsuccessive

,appro§imationsl However, the method is tedious sidce.it‘

. ’ . _ . L
requires - the analysis of the 'total concentration of each
major constituent70f the'urine sample.

‘Recent worh on the Jellyflsh proteln aequorln has -

- shown that thlS substance produces a lumlnescence that is

is suffLC1ently hlgh that dlsruptlon of the equlllbraum

'lSchwarzenbach in- 1949

V .

proportlonal to . the ionic calc1um con'elentratlon,25 26

and can be used to determlne very low concentratlons of -,

F

calc1um. However, the method has the dlsadvantage that

the formatlon consfant of the aequorln calcxum complex

N

between bound and free calc1um can. occur 1n some systems

K Ly . ’

dnd_ thus lead to error. ' . P ;; v

* The dye mu/ex1de has been used for many years to
27-29 <.

-determlne 1onlc calclum concentratlon.:_ - However,
1ts formatlon constant wzth ca1c1um 1s pH dependant and '

. 1t forms a weak complex wyﬁh sodlum 'thch doee not make‘

‘ toA - .
»
1t very satlsfactory for analy51s of substances such as

]

l,niurf/e that have a wlde varlatlon 1n pH and sodlum concen-i"

wtratlon. Tetramethylmurexxde, reported by Gysllng and

30 also forms a calc1um complex ﬁ; iy'i
R R iy o

o : R R Y 4
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{

that can be used as the‘ﬁasis for the spéctfophotometric U
. . ‘ (, ’ .
-determinatiog of ionic talcium concentration in blood

. . 31-34 e 4
serum and urine.” " It has the advantage that its for-

-

oy

mation constant with calcium is independent of pH in the
region 4 to. 8, where most urines fall. Part of the work
in-this thesis describeeéan evaluaﬁiog’of thigﬁhethod for
the ahalysis‘of iéhic calcium in urine.

]

>

Magnesium is also important in biological, systems,

and is known to be related to processes such as proteih ‘ TN
. . v -
™~ w
'and nuclelc acid- synthesls, phoaphorylatlon, and metabollsm '

35,36

of carbohydrates As in the case of calciunm, the = A
BN

1on1c fractibn is‘considered to'be_the théioiogically‘“-.

active species, and thus a mMethod for the analysis'off.\ ./)._
« / o .

ionic magnesium would be useful for medlcal and cllnlcal ' =

~

'research. A magne51um 1on selectlve electrode has yet EE

to- be 'developed, and the most commonly employed Qethod.is

a spectrophotdgetric procedure using Er_iochrome Black T

35-37 However,'these reagents are‘far

.or Eriochrome Blue,
from ideal and the method suffers from gnterference by
calcxum And Hydrogen 1ons? The last sectxon of this
thesis'ls concerneGNW1th-a.search for a more‘su'table"

c &

"reagent for the ana1y51s of 1on1c magne81um conc ration

»

~in blologlcal flUldS. - | - } 3




'acetic'acid (EDTA) .in alkaline solution (K-

S CHAPTER II
£

DETERMINATION OF TOTAL CALCIUM IN URINE BY

TITRATION WITH EQTA

N/ o

Bacggkound
3} R N
Calcium forms a complex‘with et@ﬁienediaminetetra-

10

that ofn be used as the ba51s for its tltrlmeyr c deter-
mination. é&tbough EDTA forms complexes with most metal
ions, the method can be made essentlally spec1f1c by ch01ce

of optlmum pH condltlons and by the use of masklng agents

'In blologlcal flu1ds such as erne, concentratlons of

tran51t10n metals are usually small andvthose that are

- in 1956 to prepare a‘metallofluorescent 1nd1cator which

they'calledrcaléein'(alSQ kﬁoWn as\fruoreXOhe,andﬁfluore¥:

L4

present pr1n01pally 1ro£\\bopper and z1nc, can be masked
by reagents such as sodlum/cyanlde Interference from
magn651um.can be av01ded by t1tratlon at a'pH/of 12 or
greater; where .insoluble magne51um hydrox1de is formed

‘4: The prlnClple applled by Schwarzenbach to prepare

metallochromlc indicators was used by Dlehl and Elllngboe38_'

scein oomplexone}‘whichlis—thought to have the followingd

,strur:tufre.39‘_~ ‘ o . |

[ e



Calcein is fluorescent in the pH range of 3 to 10.
This green fluorescence is quenched by many metal 1ons
Above PH &0 calcein does not fluoresce but the complexeS'
"with calc1um, strontlum, barlumsand magne31um do.' ThlS
fluorescence can be quenched by the addltlon of EDTA which
forms'stronger complexes with these metal 10ns Ehan does '
calceintb It'uas~found.that sodium.also Causes:some fluo;-‘
» rescence at high pH and'thus botaSSL&m hydroxlde should
be ‘used rather than sodium hydroxide to adjust the- pH of

solutlons of calc1um pr%pr to tltratlon.40

The exc1ta-“
tion spectru: of ‘the calclum calceln complex at pH 12 |
shows a maximum at about 495 nm, and a long wavelength
ultrav1olet lamnals ‘the best ex01tat10n source The
emi551on (fluorescence) spectrum shows a maximum at- about'
520 nm, Wthh is v1s1ble to the eye as an 1ntense green '
"colour }T'-‘v l;i._. o f:, .. m . f@ .

| - The method for calc1um as‘applled to blood serum

is usually carrled out by plac1ng the sample (contalnlng

japproprlate masklng agents and adjusted to the correct

L4



pH) in a darkened enclosure containing an ultraviolet
lamp, and tltratlng with EDTA until the fluorescence dis-
appears 11415 As prev1ously mentioned, dlfflcultles are
often encountered when thlS technlque is applled to urine
samples 13-15 and this sectlon.cons1ders Ways of over- .
;Comlng these problems 1n an attempt to provide a rapld
51mp1e and accurate m&thod fot the determlnatlon of total
',ca1c1um in urine. «

| It should be noted that rather ‘than uslng the con-
ventlonal method of titrating with a buret, a11 ‘experi-
ments were carrled out by grav1metr1c t1tratlon. Thls

was partlcularly approprlate for thlS ana1y51s slnce small

volumes of tltrant were used 41
g . . . D e
- ' Experimental

Reagents and Solutions

All chemlcals were of reagent grade and used as
-supplied. DlStllled Water was used throughout in pre~
'parlng the solutlons

Standard EDTA Solutlon. ‘A 1. 861 g portlon of

Na2 2EDTA 2H20 (Flsher 801ent1f1c. Label assay 99 9%) was
dlssolved 1n water to glve l lltre of 0 005 M solutlon.,.*
A S-ml portlon of thas stock solutlon was dlluted to V

'100 ml - w1th water to glve a worklng solutlon 0 00025 M

'v”ln EDTA

. Standard'calcium Solution, jAfstock:solution;off



calcium was prepared b} dlSSOlVlng 2. 497 g of CaCO3 (Allied

Chemicalr in 60‘ml-of 1 M HC]l and dllutlng to l litre with
water to give a solutlon contalnlng 1 mg of calc1um per
ml;- This solutlon was then dlluted by a factor of 100 to

give: a worklng solutlon containing 10 ug of calcrum per

L4
EE

inl. ' .. ) ’ . >

~Ca1cein Indicator Solution.' Approx1mately 20 mg

1]

of calceln (Flsher Sc1ent1f1c) was dlssolved in- 25 ml of
water and .the mlnlmum amount of 0. l M KOH The'solution.r
was tHen diluted to 1 litre with. water. Thls solutlon .
-was found to deterloratesrapldly unless kept frozen It

. was convenient to freeze the solutlon in small -sample
-'u'bottles, so that .one bottle could be used each day.

a

Pota551um Hydroxlde - Pota551um Cyanlde Solutlon

. Approximately s g of KCN (Matheson, Colemah ‘and Bell) and
5.6 g of KOH pellets (Flsher Sc1ent1f1c) were dlssolved

'1n 100 ml of water.

"Sodlum Cthrlde'Solutionf_ ThlS was prepared by
¢ . Ve ) s
dlSSOlVlng 4 g of NaCl (Flsher,301ent1f1c) -in. water to

'_glve l lltre of<0 068 M solutlon.

Urea Solutlon : An 8 g portlon of urea (Flsher

ASc1ent1f1c) wastdlssolved in- water to glve 1 lltre of
0 13 M solutlon - S v-‘;' D
| S e Qo IR

gggne51um Solutlon Thls was preoared by dls-f, f

:solv1ng 0 168 g of MgC12 6H 0 (Flsher Sc1ent1§1c) 1n l

” lltre of water to glve a- solutlon contalnlng 0. 02 g Mg
. A ‘



:B' . per litre. A portion of this solution was then diluted
'bj a factor-ofgtwo to give a solution containing 0.01 g
' Mg per litre,

RS
ST

Phosphate Solutlon | A solutlon contalnlng 0 2 g

P per lltre was prepared by dLSSOlVlng 2. 31 g NaZHPO4 12H20
'9J(BDH) in 1. 11tre of water A second solntlon was prepared

by dlssolv1ng 0 809 g NaZHPO4 12H20 in 1 lltre of water

| 'to give a solution contalnlng 0.07 g P per lltre

Oxalate Solutlon. A 0. 0122 9 portlon of Na2C204 ;,v

'(J T Baker Chemlcal) .was dlssolved in 1 lltre of water ‘l

" to g1ve a solutlon contalnlng 0 008 g Czoi per'lltre'

CltrlC Ac1d Solutlon' ThlS was prepared by dls—‘

.:solv1hg 0. 100 g c1trlc acid (Matheson, Coleman and Bell)
\ . .

" in water to glve 1 lltre.

Albumln Solutlon Approx1mately 5 mg of egg al-_'

L3

o

'bgmin (Merck) wai_dlssolved 1n 1 lftre of water

. Slmulated UrlneaSolutlon A solutlon contalnlng,'_""~

some of the major c0mponents of normal human urlne was .

vprepared dlsﬁolutlon of 4 g NaCl 8 g urea, 0 168 g
2#ﬁ

[MgClz 6H

f 5 ‘mg albumln in water to’ glve a flnal volume of 1 lltre.

‘ 0 012 g Na2 Yy 4, 0. 100 g- c1trlc ac1d and

Sodlum Cltrate Solutlon Approxlmately 2 g of

-

, : .
',trl sodlum c1trate (J T Baker Chemlcal) was dlssolved

*\;"yln 100 ml of water

Macroretlcular Re51n The styrene d1v1nylbenzene Tl

copolymer re51n XAD 2 (Rohm and Haas) wasvused 1n an e



LY
" attempt to remove fluorescent compounds from the urine
‘samples.

’PotaSSium Dichromate Solution A 0 1% solutlon

‘was prepareduby dlSSOlVlng 0.1 g K2Cr207 (BDH) 1n 100 ml
' of water. . S N
. ' A syrlnge ofjﬁ-ml capac1ty fltted w1th a needle ~
sultabie for addition of small volumes of titrant was
was llghtly 1ubr1Cated with 51licone grease to prevent St
loss of solutlon and to provlde posltlve actlon of the
plunger “A support for the syrlnge durlng welghlng on-a

top loadlng balance was made from a 250 ml polyethylene
42

bottle as. descrlbed by Harrls and Kratochv1l The’ﬁ
, i

‘ tltratﬁons were carrled out 1n51de a. 'Chromato—Vue' ultra-.

v1olet llght enclosure (Ultrav1olet nght Prodncts ‘Inc. )
for 111um1natlon of the tltratlon vessel and contents
| w1th ultrav1olet llght, and to exclude other sources Qfl
1light. | | e '

- Procedure .

‘3;1 To a. small beaker or v1al was added 1 ml of thei”'

KOH KCN solutlon, l ml of the worklng Galc1um Solutloniﬂ"

(or the sample to be analy ed), l ml of water (or the 'fW’f17*V'f*e

solutlon to be tested for 1nterference) and 4 drops of#f"

jr{‘ calceln 1ndlcator solutron.f A small magnetlc stlrrlngi‘f:l.'r

used to darry out the grav1metr10 tltratlons ' The plunger

11



bar was added and the vessel placed on a magnetlc stlrrer
1n51de ‘the ultrav101et llght enélosuné/ The syrlnge was
filled with the EDTA worklng solution and welghed on a
top loading balance to the nearest mllllgram * The ED;A
solutlon was then added dropw1se from the syrlnge to the \}.
tltratlon vessel untll the brlght green fluorescence dlS”I

appeared : The syrlnge was then rewelghed and the welght

of tltrant requlred found by dlfference. Blank tltratlons

6“ K ‘\

were carrled out by performlng the tltratlon as above but

Ll . S

. ._'::. s

_Omlttlng the calc1um solutlon.-“
o » s\ S o

ReSults aﬁd~biscussiOn-

ST

| T — — Lo ','r"ﬂ‘- .
An 1n1t1al serles of tltratlons was carrled out ’

»1as\de;cr1bed above,‘u51ng the worklng ca101um solutlon,
.1n order to assess the accuracy and prec1s1on of the ..5
_method ‘ Analy51s of the results for ten tltratlons gave vc
h a. relatlve standard dev1at10n of 0. 009, and after sub—<i::
1tractlon of the blank value an average of lO 0 ug o/f
calc1um was found g1v1ng 100% recovery of added calc1um._'
A study was then made of pos51ble Lnterferences

o

fron major components normally present in urlne.. ‘A table v_
of c11n1cal laboratory values4? was uSed to flnd‘the tol
major constltuents of normal urlne, and these were each

\\\tested in turn.~bT1tratfons were carrled out as descrlbed

;:1n the~-procedure sectlon above, u51ng the worklng cal'_;..a

S

glum solutlon and addlng the substande to be tested 1n s

o ;' S S L e L e T g

£
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. oW

// }‘placefof.the 1 ml of water. The weight‘of’EDTA titrantb
: fequired infeach'case was then compared with that used in’
the titration of pure calclum solutlons descrrhed above. |
‘-The results. of these ‘tests are summarlzed in Table I. ;It:
'can be seen” that sodlum chlorlde,}urea, oxalate, 01tr1c
. ?fﬁd and albumln 1nterfere to less than 25 when present

at concentratlons typlcally present in ur1ne.~

' Magne51um was found to cause a reductlon 1n the

tltre by. apprOleately 2.5% when present in. concentratlons

equlvalent to a hlgh (but not abnormal) value for urlne.
: _ N

‘The 1nterference is probably caused by co- prec1pltatlon

of Ca(OH)2 along w1th Mg(OH)z. When thlS concentratlon' R

of magneSLum was comblned wlth sodlum chlorlde, urea,,
oxalate, cltﬂlc ac1d and albumln (the gf;ulated urlne
solutlon),‘a reductlon 1n the tltre of less than l% wasl*
.~ observed. Thls reductlon in tltratlon error could be f~
- due partly to a neutrallzatlon of p051t1ve and negatlvel
:1nterference effects, or p0551b1y to’ complexatlon of the
"”‘vmagne51um Wlth oxalate.and c1trater B i;ff"f7zu‘l::wﬁ
Phosphate was found’to lnterfere more serlously,f'tﬂl
Qiﬁéé 1t caused a. reductlon 1n the tltre a;? gave rlse’tt

"to;a‘ creeplng end p01nt Thxs 1nterfer' ce 1s almosth:a

f:certalnly caused by formatlon of ca1c1 phOSphate com~itﬁf;ffft“t

'3rp1exes. As EDTA 1s added to form a stable Ca—EDTA com—tfﬁ
fplex, presumablyaa slow Shlft in the equlllbrlum between j7TBrf7 :

‘52f.and poi occurs, 11berat1ng more Cazﬁ and 91V1n9




Table l,

Effects of Selected Constituents of Urlne .on the EDTA
: Titration of Calcium

o . . e

‘ .Concentration'

mpound Tested Co - (as added), - S ? Z‘RecoVery

Interference _ g per litre® . ~ of CaP

40 NaCh 101.4

8.0 (CO(MH),) 1 10L1

Magnesium chloride . »I»O,OZ‘(Mg).“ s 't . :_97.4

| Sodium oxalate . "o 008 (C,00) . . g9,

Citric actd . o. 1 (5 H 50 ) .. 1002

- Albumin

Di-sodinm_hydrogeni"i _
~ orthophosphate 0. 2 (P)

N 1k

‘.Simulated urine

0.0 htomin) S 108

’

w o .0;01.(ng) T s

... 93 .

S wesI B

I N

" o007 (P) 97.1

ccntained‘ali-theaiil

solutioan ?t/.: ' abQVe.excepthhOSphateV. j,tf.3'99.37 .i/.‘ -

Notes

(a) The bracketed formula following the concentration data s-"

'indicates the form in which the. concentration is- ex&
.- . pressed. ‘A 1-ml portion of solution was used fof‘@ach
' ,titration. o :

}ﬁf¥0 ug of standard calcium solution was titrated and
~the” results are based on the average of 5 titrationw

~.f31n each case.",'fﬁf} e B P AT i o

.Z& B

(C) Poor end pOiﬂt _ | ‘ e.‘-A'-'f e L i
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| “.rlse'to the creeplng end p01nt It has been reported that
i la back tltratlon will prevent 1nterference from phosphate 44
' hls procedure was tested by addlng an excess of EDTA to
solutlon contalnlng ca101um and phOSphate, and back

Atltratlng w1th standard calcmum solutlon The results
,obtalned were not satlsfactpry, since a dragged out end
p01nt was often obtalned partlcularly when)the SOIutlon
belng tltrated also contalned the 51mu1ated urlne solu—

'ftlon It has also been reported that by addlng c1trate

the . 1n erference from phosphate could be overcome when

u51ng cal red as 1nd1cahor,45 presumably ‘because the c1-

»~*mwatrate—formedeaﬂsoluble comp1exrwrth“calcium“that preventgd
.precrpltatlon of éalg&um phosphate. Experlments were -
‘icarrled out, to see whether satlsfactory results could be
.hobtalned Wlth thls system It was found that by addlng

10 mg of sodlum c1trate (0. 5 ml of the 2% solutlon) to

. L )

the tltratlon solutlon the creeplng end p01nt caused by
phosphate no 1onger occurred However, the end p01nt |
h’was less sharp under these condltlons and could not be
:determlned w1th prec1510n | | ‘“g ._ _ h

'f The method %as then applled to real samples.g Thlsf p;2‘7“
ff-was'done by dllutlng the urlne by a- factor of 10 and tl-‘z;;f
'-fﬁﬁtratlng a l—ml allquot as descrlbed under"Procedure ..d;hlf7f7'"
EfiA‘problem became 1mmed1ately apparent ln that the urlne iﬂ

>samples contalned a natural fluorescence under ultra-ff,f*

o v1olet llght that caused dlfflculty 1n choosing the end

R
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point.' - This fluorescence was blue and was .observed in :all

.

samples from both'normal indivlduals ~and hospital patients.'

Attempts were made to remove the fluorescence by pa551ng

'
the urine through a. column contalnlng styrene~dlv1nylbenzene

4

copolymer macroretlcular re51n (XAD-2 Rohm and Haas)

°

1Th1$ treatmentfwas found to remove approxlmately half’ of

. RS
the fluore _egce. Destruction of the fluorescent compound

vby ox16at10n'was also tried. Hydrogen perox1de hdﬁ no ef—

o

'fect but potass1um dlchromate dld remove the fluorescence,

b

3probably by a guenchlng mechanlsm rather than by oxlda- R

tlon, slnce reductlon of the d;chromate by addltlon of.

»

' nydrogen perox1de caused return of the fluorescence. The"
-addltlon of dlchromate dld not 1nterfere w1th the EDTA tl-'
"tratlon and. so can be used to ellmrnate 1nterfirence from
Unatural fluorescence., B

= -

Another problem was that the calceln fluorescence
A'at the end p01nt repeatedly returned for many urlne sam-“:
‘.ples ; Thls was almost certalnly caused by phosphate 1nter~~
aference,751nce the same effects were observed when phos- }.
'ﬁphate was used in the 1nterference studles.,g;?“é -

However, 1t was found thaj by usrng a smalLer sam— {fﬁf-j"'
;.ple‘51ze the problem could be overcome.- Use of smaller E
'vsamples also reduced the natural fluorescence to a p01ntl”p‘
‘:where the use’ of potass1um dlchromate was normally not
'.'necessary.g It was found that good results could usuallylti';lrff7'”

'rﬁibe obtalned wheﬁ the tltre yas reduced tq 0. 5 g or less -Q?]i‘-v SRRES



°

tltratlon of ca101um in urlne samples-

The urlnefwas dlluted by a factor of 20 Wlth dls—
f,tilled water. A 1.00-m1 allquot was then t1t ted ‘as des-

cribed,in the 'Procedure sectlon._ If»the ‘1tre was greater -

c &“

| than O 5 g of 0'00025 M EDTA and if problems arose from
a creeplng end p01nt or from natural fluorescence, thenlgg.
¢ @he titration was repeated u51ng a O 50 or a 6 25 ml -
allquot.f If problems still .arose fro? natural fluorescence,
‘. 2 to 4 drops of 0. l% pota551um dlchromatg Eziftlon_were o
fgq added td.quench the 1nterference.a““ N ﬁ7;-~ | vﬂ

= ThlS procedure was applled to a set of urlne sam—;
ples obtalned from the Unlversity of Alberta Hospltal and
the concsntratlon of total calc1um in each sample was cal-
culated,/correctlng for the. blank tltratlon and standard~.n‘-
_121ng the EDTA solutlon agalnst the standard ca101um solu-‘
tlon . An analy51s of the results for ten tltratlons-care“
2 rled out on one" saﬂple gave a value of 21 mg Ca per 100 ;
.ml w1th a- relatlve standard dev1at;on of/O 041 The re-“v
'sults'were coépared w1thbthe values obtalned by atomlc .
' absorptlonvspectrOSEOpy, carrled out by the Unlver51ty of;;
~Alberta Hospltal cllnlcal laboratory : The results are '
‘ ShOWn in Table II. From these results, 1t can be seen 7f

-»that reasonable agreement between the’two methods was ob-.v

~i3ta1ned for most samSles However, 1n nearly all cases



Table II, Analysis of Urine Samples by Titration with EDTA and Com- v

a - parison with Atomic Absorption Analysis
: ~T s ,

s

Calciug Concentration,
"+ Size of Sample o " . mg per 100 ml
Taken for Titration, EDTA - Atomic - ¢

'Sample'No. A ml _y " Titration Rbsorption e

1 ‘F/fzﬂ—\‘.;-o;os B 6 . 68

- <

2 | 0,025 12
0.0125 - 21 18

s 0.0125 a5t Q

<

v
T
{

0.0125 | 29 o 23

.

6 eos . 27 0 34

7 S P | | 26 2.0
| )

a .Rei;;rgfrepbrted‘by University of ‘Alberta Hospital clinical labor-
~ atofy. - . S _ L . , :

o

b o
-»
: /‘ . ¥ B
B . .
. I3 ’
-
PN
< oW
? - :
. “ /,‘," .
. . P ,
. 0
& Q . R
. d . I'¢
4 . - N7
'4:/ . .
: o S
S . el
..



the results by titration were higher than those by atomic
oy :

"

absorption. No explanation for this could be found. .

19
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CHAPTER III .
£ ) T f)?
INVESTIGATION OF ION-SELECTIVE ELECTRODES FOR THE DETER-

MINATION OF IONIC CALCIUM IN URINE

Bachground
The - -calcium ion- selectlve electrode developed by
‘orlon in the nlneteen -sixties is based on a llqu;d ion
exchange membrane which is selectlvely permeable to calﬁ
cium. 22,46 ‘The llquld 1on-exchanger, con81st1ng of the
calcium salt of didecyl phosphoric ac1d dlssolved in a
su1table hydrophoblc solvent such AS dloctylphenyl phos-
phonate, is allowed to contact-the aqueous sample solu—'
tion by-means of a poroussmembrane.. Thedinner'surface'
of the 1on exchanger -soaked membrane is in contact with'
an internal reference solutlon of calcium chlorlde. When, ,
the electrode is placed 1n a sample solntlon, calc1um 1ons
mlqrate across the membrane frbm the solutlon of hlgher
calcium act1v1ty to the one of lower act1v1ty until the |
‘potentlal dlfference set up dcross the: membrane prevents
further mlgratlon.‘ Thls potent1a1 dlfference can bev
measured 1f the electrlcal c1rcu1t is. completed by means s
‘ of an 1nternal 81lver—51lver chlorlde reference electrode,
dbrought 1nto contact w1th the 1nterna1 calc1um chlorldev;_‘
solutlon and an external referenge electrode lmmersed in f'
,the sample solutlon. Thls is shown in 51mp11f1ed form |

N N

3-

20 ;
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 used. The term IK.a,

4

'in Figure I. The cell potential for ca1c1um is then given

e

by the Nernst equation:
L [

E = constant + 2.303RT log(aC 24 + zx.a.z/zl)
- . “2F 11

<

' . . . > X -

The constant depends largely on ‘the reference electrode.

. . A
2/2% g the seléetivity factor, where

.Ki Ts - the selectlvlty constant between an 1nterfer1ng ion

- and the calclum 1on, a is the activity of the 1nterfer1ng

' ion, and %1 its charge; The Nernst factor, 2.303RT, has C

| } | . F
a value' of 59.16 millivolts at 25°C

To measure the ca\;uum ion act1v1ty of a solutlon,

a calibration graph is prepared by measuring the potentlals

of reference solutlons of various calclum act1v1t1es, and ‘

plottlng those potent%al readlngs agalnst logs 9 2+.' The
potentlal glven by the sample solutlon is- then read from
the callbratlon plot to glve the calc1um act1v1ty. The'

lower 11m1t of concentration for +this type of electrode

is determlned by the solublllty of the 11qu1d ion ex~-

changer in water, and for thls ca101um system is 1n the

reglon 10 4 to 10 =5 M. . The most serlous 1nterferences

%

11kely to be found in blologlcal flulds are hydrogen 1onsv
(KH+ = 10 ) and magn681um (KMgz+ = o 014) Sodlum, potas—'

'SLum and ammonlum 1ons 1nterfere only sllghtly (KN +

-s_ ) but can be 1mportant 1n blologlcal

Kt PNHy, *

flulds where thelr concentratlons may be much larger than ;”‘

that of calc1um ‘ As prevrously mentloned in the 1ntro—"ff7'?*'r”

T 21
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duction, although these_electrodes have been successfully
used for the determination ofvionic calcium in blood serum,
_they_have-not been found to be very»satisfactory forbuse in -
urine,47 where the varlable 1on1c strpngth and range of
concentratlon of molecular spe01es such as urea and urlc
ac1d affect the electrode respoﬁse apprec1ably

| The promlse of this electrode system has led to much
research 1nto developlhg 1mproved types of ion- selectlve
electrodes. Incorporatlon of the llquld ion exchanger 1n
a SOlld matrlx has been trled by several workers, and ap-'-

48 50 Other workers have’ dls— :

pears to be quite promlslng.
;pensed ‘with the need for an 1nternal reference solutlon

by maklng dlrect electrlcal contact w1th the solid mem-. _
'.brane._ Thus Fhei:er and Cattrall24 reported that a cal—'
-clum selectlve el ctrodeDcould be made by 1ncorporat1ng y;
the llquld 1on exchanger in a polyv1ny1 chlorlde matrlx tf'
and coatlng this mlxture onto. a platlnum w1re, thus pro- _‘

-

| du\lng an electrode that 1s compact lnexpen51ve and 51mn;
ple to make. They reported that tHis type of electrode

was 81gn1f1cantly less. sen51t1ve to hydrogen and sodlum':
ions than the Orlon electrode,_and thus would be more
’satlsfactory for use: w1th urlne samples.' The follow;ngp; e
;sectlon descrlbes the preparatlon of thls type of elec-d:7'

.trode and 1ts evaluatlon as a tool 1n the measurement of

;'1on1c ca1c1um concentratlon. ,ﬁ;f L



- Experimental

Reagents e L L

-~

. The substrate for .the electrodes was. platlnum w1re

of approx1mately 0.04 cm dlameter The 11qu1d 1on ex-

E-3

‘~code number 92~ 20 02, Polyv1nyl chlorlde powder was ob—

l

““talned from Magadyne Industrles Ltd., Edmonton; Alta.

£

. g

1n ‘the preparatlon of; the coatlng mixture. ‘A stock solu~

: tibn of 0. ‘1 M- calc1um chlorlde was prepared by dlssolv1ng

&

71Aggaratus

10 01 g CaCO3 (Allled Chemlcal) 1n the mlnlmum amount of

hydrocthrlc ac1d, neutrallZlng the excess ac1d w1th so-

'dlum hydrox1de solutlon, and dllutlng Wlth dlStllled water

. .
iy

to glve a flnal volume of 1 lltre. Other solutlons were :

prepared from thls stock solutlon by serlal dllutlon toq

”leclohexanone reagent grade,;(BDH), was used as ‘a solvent

~ry

-5

: ) A G e R

r -

An Orlon Model 701 pH meter, equlpped W1th a: com- ;‘

‘merc1al Saturatedfbalomel reference electrode was used

for all potentlal measurements.

'.7::fPreparation'Of'ElectrodésA~~

A solutlon contalnlng 0 5 q.of polyV1nY1 chlorlde 7b;’

*

FH'(PVC) 1n 10 ml of cyclohexanone was prepared and 6 ml

o of thlS solutlon was mlxed w1th 1 ml of the 11qu1d 1on

. .give concentratlons of calc1um ranglng from 10 l to lO M.

- 24

"_changer was - obtalned from Orlon Research (Cambrldge Mass. ), L
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exchander. The platinum wire was then coated by dlpplng
it into the mlxture and allow1ng it to air dry for several
.hours. ' The thlckness of the coatlng could be 1ncreased :
by repeatlng the 1mmer31on. - The wire waS’coated»to.wrthin
about one inch of oneiend so as to preventlcontaCt-of'the.
bare wire with the'test solution; The uncoated end of
Athe W1re was: then ‘pushed through a small cork to’ prov1de

‘a support that would flt the electrode holder.
]v | _ .

-

Procedure

The coated platlnum wire was placed in an electrode
’.holder and connected to the pH meter along w1th the calo— o
”mel reference electrode The electrodes were then‘lm— L
;nmersed ln the calc1um solutlons and m1111V01t readlngs
taken normally 10 and 60 sec’ after 1mmer31on.‘ All solu—hi
tlons were stlrred\magnetlcally durlng the measurements.

EJ_The mllllVOlt readlngs were plotted agalnst the negatlve {»ﬂﬁ'”

lOgarlthm of the molar calc1um ioncentratlon to glve call-"l

’.vbratlon graphs over the concentratlon range studled

.v"

'lResults and'DiSCussion

:'It Was found tovbe dlfflcult tolobtaln reproduc1ble dhdl‘.
"ﬁresults u51ng the coated W1re electrodes. ThlS appears
'alto be the result of a numbervof varlables 1n preparatlon
Vltand use, some of Whlch could not be controlled.d These ¥?~fff;“

f/varlables 1ncluded thlckness of coatlng, prev1ous con— ;;i:gl}ﬂf"

o

fdltlonlng of the electrode surface, and t1me of 1mmer31on i



in the test .solution.

Effect of‘Coatlng Thickness

| Electrodes were prepared as descrlbed above, u51ng
l.to 5 immersions in the Coatlng mixture to vary the tthk-
ness ofﬂthe coatlng Potentlal measurements were then o
made as desCrlbed in the 'Procedure sectlon above, and
callbratlon graphs plotted for each electrode.A The re-_l.‘

sults for several of these electrodes ‘are shown 1n Flgure

II. It can be seen that the more thlckly coated electrodes

gave better llnearlty and slopes close to’ the theoret1ca1 |
29 5 mv per concentratlon decade (at 25°C) as calculated §
by “the Nernst equatlon : W1th 4 coatlngs,'reasonable ‘

:llnearlty down to 10 -4 M Ca was usually obtalned along

"'provement 1n llnearlty was found by 1ncrea51ng the coatlng

thlckness beyond 5 laYer5~j}

',Tlme'DependenCy-ofgthefElectrodelPotential]

[§

" with slopes on the order of 25 mV/decade. .No further 1m-f_'

26

The electrode response was found to be hlghly tlme :;.“:

T [
: dependent - In the study of short term tlme dependency,

1 readlngs were taken at flxed perlods after lmmer51on of

&

'-_7the electrode 1n thegtest solutlon. ;Very large changes

.VQp'ln the potentlal, up to 30 mV usually occurred 1n the

fpflrst mlnute, but generally a steady potent1a1 would be B

‘3jj¥reached after about 3 mlnutes. After a perlOd Of 24 hours

lffor more, an electrode usually gave a. totally dlfferent

K3 R . .= 1;-
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* Figure II. - Effect of

Ry
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‘coating thicknéss on electrode behavior.
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- response, and calibration plots often.showed a'marked de- .

.'condltlonlng the electrodes prlor to use. Exp

. 1mproved sllghtly, and the electrodes Stlll gave reason— '

-

Lo

\/"

.crease in slope. Some of these. effects are shown in Flgure

iII and Figure IV. . The reason for this behavxor is not»
clear, but may be partly due to a tendency of the coatlng

to absorb or desorb both water and ca101um.$_l

Conditioning of Electrodes\* N
— NN

r-

e On the basis of these results, Bt was thought that

an 1mprovement in reproduc1b111ty mlght be ach;eved by

o -

were carrled out 1n Whlch electrodes were 1mmersed in solu-'

tlons of dlfferent calcrum concentratlons for varlous
lengths of tlme befo&e measurements were taken. No 31g-."§\
nlflcant 1mprovement was. found, although it appeared that -
by soaklng the’ electrodes in- lO } M ca101um for 15 mlnutes
prlor to use the reproduc1b111ty from hour to hour was

A

able llnearlty after a day or more. g,;,iig,«f* l"li:'“:f

-

L ' .,' R SR
Composition-of Coating‘Mixturee

o cr e

5 A
Inltlally a 5% solutlon of PVC 1n cyclohexanone

was used 1n a- 6 l ratlo W1th the liquld 1on exchanger.~-lrfﬁ

The effect of changlng the cOmp051tlon of the coatlng mlx-1“j_? j'ff

ture was studled Thus a lo%vsolutlon of PVC 1n cyclo-'f_ﬁs

hexanone was mlxed 1n a 6 l ratlo wrth the 11qu1d 1on

.,exchanger, and electrodes made w1th thls mlxture.n AlSo;u-ff”'f“ L

Loooe

a 10% solutlon of PVC in cyclohexane was’ mlxed ln a 6 2 -
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potential (mV)

L I
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hme (mm)

fFlgure III. Short term tlme effects on electrode behav1or

re- lmmersed after 30 mlnutes o
-

A T e e L S s
;
.

EED

- Electrode removed from solution after 1 mlnute,; SRR
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"p ot_é,h.ti al (mv ),

ST conditioned by soaking in 1071 M
.y . _for 15 minutes: prior ‘to readings

Electrodes stored in air between readings and
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. ' Long-term. time effects on el,éctroaé,-'-f.béh’aVibL; T

Ca solution '



‘ ratio with the liquid ion exchanger,'and é@ectrodes‘pre—
pared with this mixture. No 81gn1flcant change in the

bperformance of the electrodes was detected in elther case.

Effect of Coatlng Part of the ere w1th Paraffln Wax .

Freiser and Cattrall 24a coated only part of the

wire, and wrapped the remalnder of the bare wire w1th para—

" ffin fllm to prevent contact of the metal surface w1th the

solutlon. In,the experlments outlined here, exposure of
> N .
- the bare wire to the test solutlon ‘was prevented sxnce'

Ny the coatlng reached close to the top of the W1re.g In order

'

~to find out whether these two methods gave dlfferent elec—

o . Q-

7trode characterlstlcs, electrodes were prepared in a way

h51m11ar to. those of Frelser -and Cattrall , The electrodes

' 1,were flrst coated 1n the normal manner but when dry, part f"

j of the coatlng Was cut through and removed sqfas to leave .

g_approxlmately 0.75 1nches length of coatlng at one end

‘of the w1re. The exposed part of the w1re was: then re—j~."

o .

31

Peatedly dlpped 1nto melted paraffln wax untll a sultable}"~]

layer of wax had bullt up- along the length of the w1re.l;

Measurements were then made 1n the normal way, usmng both"

the paraffln coated j?d the prgvrously descrlbed types

of electrodes. No 51gn1f1cant dlfference 1n the charac—ufjg

terlstlcs of the two types of electrode could be observed M

*f~0ther,FactOrS‘Involved;and”General4Conclusionsiu[g;"'

. - Several other factors were checked and found to, .



glve small effects on the potentlal readlngs fhe speed_
of magnetlc stlrrlng 1nfluenced éhe ‘readings by + § mV

50 constant stirring Speeds were malntalned for a partlc-
‘ular experlment The depth of 1mmer51on of. the electrode
-affected the readlngs to a similar extent deeper 1mmer51on

glv1ng lower millivolt reaLlngs. Therefore a cdnstant

1mmer51on depth was malntalned for a particular experlment-

this problem also can be overcome by u51ng the paraffin-

: coated type of electrode. ' Good electrlcal contact be-
'tween the platlnum wire and lead was v1tal for reproduc-
ible results, fdeally a soldered ]Olnt should be used

In general, newly prepared electrodes glve the best re-

sults with regard to llnearlty, ldW\scatter and close to

- theoretlcal slopes of the callbratlon graphs.» It was

” giv]

- also notlced that llnearlty was frequently achleved down‘h
to calc1um concentratlon of 10° -4 M, but at lower cqpcen-

tratlons the behav1or of the electrodes was erratlc and :
. o -

unpredlctable. Due to the general lack of reprodu01b111ty,f

:no further work was carrled out w1th these electrodes.'f“r

O

B S DR &
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which in turn 1is related to 10

T

CHAPTER' .o,

AN EVALUATION OF TETRAMETHYLMUREXIDE AS A REAGENT FOR THE

DETERMINATION OF IONIC CALCIUM IN URINE

Background'

In 1949, Gysllng and Schwarzenbach descrlbed the h

preparatlon of the dye tetramethylmurex1de from tetra—

methylalloxgntlne and commented on the spectral prOpertles

of the free dye and its calc1um complex.30 In 1962

&
[ .

Raaflaub* 1ntroduced tetramethylmurexlde as a reagent for

measurlng concentratlons of ionic ca1c1um 1n urlne and
[

other blologlcal flulds.31 He descrlbeﬁ the advantage of

tetramethylmurex1de over murex1de for thlS purpose - 1ts ,

Qe found 1t necessary ‘to prepare standard solutlons which

matched the sample w1th respect to sodlum cépcentratlon
and 1on1c strength ” Ionlc strength e cts occur because
tetramethylmurex1de responds to changes 1n ’ lc1um;act1v1ty

“c strength

The ionic strength of urln varles w1de1y, and at

? .
'the present tlme no\accuraée and convenlent method asw’&
‘avallable for its determlnatlon. ‘Hunt and Klng estlmated

‘the 1onlc strength of urlne samples by comparlng thelr

i

vconductance wrth standards prepared from pota551um chlo-

Py

wE

KT : o Co . L
4 . ] . .

33,

‘pH 1ndependence over the phy51ologac§I pH range. However,-'

&

g rlde.52 HoWever the relatlonshlp between conductance and



ionic strengt urine has been shown ‘to .be only an

ther workers haﬁe.estimated,the'ionic

strength\ from measfirements of the major cations present

in:urine, ted'ous and again gives only
-approximate resutts. " The tetramethylmurexide method for
measnremeht_ofgionic calclum~concentration in urine is
therefore inherently subjectxto some“error. Thls lSadlS-
cussed further. 1n the 'Results and Dlscu591on r\ect:Lon.,

" The interference from sodium arlses.because 1t

" forms ‘a’ complex wi h tetramethylmurexide with;an absorp-

‘tion-‘maximum in thel$ame region as the calcium complex,

hThe formation constan oflthe sOdium complex is much

smaller than that.of the calc1um complex (KfN = 1.6,
L

KfCa = 300)‘ ﬁowever, because of the hlgh concentratlon

'.of sodlum normally present 1n urlne 1t is necessary to
‘make a correctlon for thls 1nterference;- ThlS is rela-

*tlvely easy to carry out 51nce the sodlum concentratlon

»~

in the urlne samples can be rapldly and accurately deter- -

,hmrned by flame Spectroscopyx‘ Varlous methods can then bez

uSed to applyla‘correctidh}' Hunt and Klng and Raaflaub31

prepared callbratlon graphs for each urlne sample u51ng
h matched sodlum concentratlons.. Nordln and.SmJ.th55 v d:'
‘.Robertson,-Peacock and.Nord1n5§ used emplrlcally obtalned ';
correctlon factors for sodlum. French Cham and Cross33 |
4and"Cham57 prepared sodlum callbratlon graphs to make the:'

-_correctlonr»AQhLS—as the method that was used in these .7
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experiments; and is-descrlbed in detail in the"Procedure;
sectioh. . | | |

‘The free dye.and'itsycalcium\complex.have 0verlap;'
'ping spectra, and a solution containino both forms pust
" be treated as:a two-component system.- Various theoretloal
':bases for this’ type of analysis have been used. Raaflaub58
" derived: an equatlon relatlng the absorbance ratlo of the

‘complex to free dye, E /E 2 ‘at a glven wavelength to the .

~ionic calcium concentratlon.

- - o 24,
By oA -alt K [ca™ 1"
g = L+ a ' L 2F
o o o I +:Kf[Ca‘_] -

w,here‘Ex = absorbance of the complex

t
1]

h:absorbanee”%f-the_free dye_.'

a_ = molar absorpt1v1ty for the free dyef

o
i

‘molar absorpt1v1ty for the complex

PN

x.
i

'formatlon constant of the complex

o

'Ettori and'écogganz derlved equations for thls type of

system whlch 1nvolved measurements at two wavelengths, S

At and A"»°
- C, [Ca2+] ‘f:.. ‘ o S ‘
» B - K(a(b-a‘_)— BN
where aé =" molar absorpt1v1ty of the free dye at Av'f‘tpj
‘ag #"molar absorpt1v1ty of the free dye at A“fff“;’f"l--
ay = m°1ar absorptwlty of the complex at ',
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‘ ' , /) ¢ ,
molar;absorpt&vity of the complex at A"

a" =
¢ = %;,bwhere A is the_measured absorhance.i
This two wavelength method has been uSed‘c.f eral au- ’
.thors for the determlnatlon of ionic calcr N i .‘fiqulpp‘.
, Fluide w1th tetramethylmurex1de-§6 (32,33 . /_

In the work described here, the methéﬁ of Nordln
and Smith, 55 adapted £rom Raaffaub, was used wlth'some
modifioationQA,Thus»standards were prepared'at a fixedA
~1ionic strength COrrespondingato typical urine sampies,
m-and no. further correctlon was made for 1on1c strength ef-
'fects.L Measuremen/s were made at a single’ wavelength and
| callbratlon giﬁphs prepared by plOttlng absorbance vs.
ionic calolum concentratlon.. A set of urlne samples was .
_analyzed for 1onlc calc1um by thlS method, and for total |
'tcalc1um by atomlc absorptlon spectroscopy._‘The peroentagekf%fF;;
‘of ionized calcrum was then éalculated T“”' “_'Q'yi
Tetramethylmurexlde was' prepared from tetramethy1~ -
alloxantlne by the method of French Cham and Cr03559 M
hw1th some modlflcatlon in.the 1solat10n procedure. Tet7ij,;
methylalloxantlne was prepared from caffelne, as des-;p.p"

€0

’ f~cr1bed by Cope Heyl Peck Elde and Arroyo. : The'synﬁf"l

“thetlc pathway 1s shown below '

S -



Tetramethylalloxant ine-

Experimental

' Reagenté

Preparatlon of Tetramethylalleantlne.- Intb a'j— .
1itre,v3—necked flask was placed 100 g of caffelne (J T
»

Baker) A mlxture of 120 ml of hydrochlorlc ac1d and

50 ml of wa Y was then added w1th mechanlcal stlr—

'rlng ' A furth r 200 ml of water was added and the mlx-fdh"'
fure stlrred u'tll the caffelne had dlssolved The flask‘
_fwas:then 1mme sed 1n an 1ce bath and 1125 ml of sodlum

hypoch‘oh‘fe solutlon (commerc1al laundry bleach can—'jf_.?'

tainlng 5% avallable chlorlne) added slowly w1th stlrrlng,hrda

./\ o

the temperature belng held between 35°—40° A prec1p1tate }W;;w

’ . g : L. . AT SRR : .

3

NG LT
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Va

\formed 1n1t1ally then slowly went back 1nto solutlon the
ddltlon of bleach was stopped when solutlon was complete

A solutlon of 50 9 of stanndus chlorlde dl—hydrate

(Shawrnlgan) in 37 ml of hydrochlorrc agid and 37, ml of
$
water was then added rapldly\wlth stlrrlng. After flve

»
mlnutes, the stlrrer was stopped and the mlxture allowed
to stand for two hours The prec1p1tate of tetramethyl-

: alloxantlne was then flltered off u51ng a suctlon flask

38

and whatman - No i fllter paper The damp preclpltate was-;'h

then b01led w1th 125 ml -of water, cooled, and agaln fll-;
tere% vw1th suctlon contlnued for one hour The materlal

.was then drled in an. oven at 60° for four hours, leav1ng
. 64" 9 of an‘off-whlte powder of meltlng pornt 205°~220°

Prgparatlon of Tetrametﬂ&lmurex1de.' The method of

’ French Cham and Cross was followed w1th some modlflca-. ?

tlon'~ Approx1mately 25 g Of the dry tetramethylalloxantlne }"

‘_f was’ mlxed w1th 490 g of powdered ammonlum carbonate (BDH)

in a large orystalllzlng dlsh Thls was then heated at
- ¥
I 60° for 9 hours 1n an oven, equ1pped wrth an a1r vent and

_f VLo

: located 1n a fume hood (to allow escape of ammoﬁla) Af—t"

' ter thls tlme, the mlxture occupled about one thlrd of 1ts

- orlglnal volume,_and had turned plnk The isolatlon pro-‘f'
iuf,vcedure of French et al., was trled on a test portlon of

the product but was not suCCessful Thls method 1n- ;[g,

71 volved addlng small amounts of water and decantlng off

75e the saturated tetramethylmurexlde solutloh followed by

.jjé§?iffi



.bjw?same way, g1v1ng a total yreld of 0 21 g. f'h

- a saltlng out step u51ng ammonium chlorlde. No precipltate

'formed on addltlon of the ammonlum chlorlde, and since 1t

was suspected that the product contalned a. large amOunt

"~ of unreacted or unvolatlllzed ammonlum carbonate whlch

- prevented the tetramethylmurexlde from saltlng out the

followrng method was dev1sed : A 10 g portlon of the pro—

‘duct was heated Wlth 50 ml of water in a. beaker at about.i‘

60°} Large amounts of ammonlz were evolved, conflrmlng

the above susp1c1ons.v Heatin ‘was contlnued untll evolu—

tlon of ammonla had ceased . The solutlon was then cooled.

§ . LR
ﬂ;to room temperature, flltered and ammbnlum chlorlde g,i'

‘Flsher Screntlflc) added to the flltrate w1th stlrrlng, -

until no more would dlssolve (about lS g Was needed) ?i]ff

h The red prec1p1tate that formed was collected by centrl—

39

h-;fugatlon, and the saltlng out step repeated by redrssolu-fi;ﬂp-";

"tlon 1n.a mlnlmum amount of water, and addltlon of am-

4_‘mon1um chlorlde to re—pre01p1tate the tetramethylﬂurexide{i

'(After centrlfugf@lon the pre01p1tate was transformed to

ftafa fllter paper ln a fllter funnel and allowed to alr dry

"1The remalnder of the 1mpure product was treated in the

-s‘-'»~.,'

A portlon of the materlal was submltted SPI ele—f-“”’
,_:.mental ana1y51s to the m1crbanalyt1cal laboratoryl:l._

’f.f%partment of Chemlstry._ The results were.» carbon, 'ﬁiﬁf"5”

;hftheor 42 35% found 33 38, qurogen, theor. 4 74%,

f°°“d .27 ,letrog_em *-t..heor:-;-‘2_4.-70A%.,,.-.,foundr2.;45.,-.435._, %he



'spectral propertles of the materlal were, 1nvest1gated by
' dlssolutlon of 25 mg in 50 ml of dlstllled waterlto glve

a 1.47 x 10 -3 M solutlon A 0. 1 ml portlon of this solu—

“tlon was< dlluted w1th 5 ml of dlstllled water and the ‘

.spectrum obtalned over ‘the v151b1e reglon u81ng a Unlcam
1SP800 spectrophotometer w1th 1- ~cm, cells and dlstllled o

’4water as. a reference A 51ngle broad peak was’ observed

-

‘w1th a max1mum absorbance of 0 41 at 530 - (llt 30Ama¥'g

’-v530 nm) 1 Another 0 l ml of the orlglnal solutlon was'

’then mlxed w1th 4 5 ml of water and 0 5 ml of standard
“calc1um solutlon (l ml l mg Ca) The Spectrum of thlsf

: _'solutlon showed that the absorptlon band was now shlfted\

40

"'w1th a max1mum absorbance of 0 47 at 4%§_nm (llt X‘ F.Q}‘ffg,F"

max
' '492 nm 1n the presence of excess Ca) The spectra are
(Yshown 1n Flgure V::‘

For the ca1c1um analyses, thlS 0 05% solutlon of

(R l

gtetramethylmurexlde WaS used and I s kept refrlgerated

protected from llght as. much s. possrble. Under these

.'CondlthnS, lt was found to undergo slow decomp081t10n asif];f:.

e shown by a decrease 1n absorbance of about

"‘and so 1t was normally dlscarded after about tWO weeks O

o and a fresh solutlon prepared

,...

t 5% per day,_,~ BRSNS

Other Reagents. A standard ca101um solutlon Was f'dﬂ?.

B prepared by dlSSOlVlng 2 497 g of calclum carbonate

.

(Allled Chemlcal) 1n 50 ml of l M hydrochlorlc ac1d aa,f'
: dllutlng to 1 lltre wﬂth dlstmlled water, to glve a solu- ‘



® .-

' Figure V. :

absorbance

450 500 550 SR
wavelengtfh/ ( nm ) | \ B

VlSlble quctrum of tetramethylmureXLde and cal- S
~-cium compléx.. -(a)- 0.1'ml of 0.05% tetramethyl- PR

f:‘murexlde +°.5 ml of. calcium solution (0.1° mg Ca" -
. per ml); (b) 0. l ml of 0.05¢%- tetramethylmurex1de '

.rf;+ 5 ml of dlStllled water.,;_.n
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dtion\containi?g 1 mg‘Ca;per'ml ‘
| A buffer solutlon of pH 8 was prepared by m1x1ng

'175 ml- of 1 M hydrochlorlc acid w1th 300 ml of l M trls—.
.:p(hydroxymethyl)amlnomethane (Flsher Sc1ent1flc) a

- A 5% lanthanum solutlon was prepared by dlssolv1ng
' 12 79 of LaCl3 6H O (Flsher 801ent1f1c, low 1n ca101um ‘

grade) in. 25‘31 of hydrochlorlc ac1d and 25 ml of dls-ffﬁw'u

tllled water& and dllutlng to 100 ‘ml w1th dlstllled water.'

‘ Apparatus‘”:'
| | ‘A Unlcam SPdERB spectrophotometer, equlpped w1th
a censtant wavelength tlme scannlng dev1ce,.was used for
the absorbance measurements,’and a plston type 100 pl- |
-'nhmlcroplpet (Eppendorf) Was used for addltlon of the tetra-'ffei
amethylmurexlde solutlon A PerkanElmer 290B atomlc ab— _.ff
:hfsorptlon spectrophotometer/was used for the total calc1um tih"h.;*}
' ?determlnatlons 1n the urln‘.samples, and a Heath modular .
‘}'apectrophotOmeter con51st1ng of a Heath flame module,\.f7";5

;rHeath 703 monochromator, Heath EU 701 30 photomultlpller

"f module,'and a Heath EU 20 28 log/llnear current module

hdg'recorder, was used for the sodlum analyses of the urlne
7fsamp1es, g”‘
'_PrOc‘_édure _ : s FERCE A . .

Ionlc Ca1c1um Analysxs.. For khe preparatlon of

';the callbratlon curve,:standard calc1um SOlutlons were }iwvﬁif"tﬁ
"Lprepared US1n9 1 954 9 Of pota551um chlorlde (Shaw1n1gan)



<_turn were then. mlxed Wlth 0. l ml of 0 05% tetramethyl—‘
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v

plus,o 2,‘5; 10, 15 and 20 ml of the standard ca1c1um

solutlon, and diluted to 100 ml w1th dlStllled water._ For

Lo
the measurement step, 5 ml of each of these solutlons in.

murexlde, 1mmed1ately transferred to a l-cm qlass cell
[ 4

and the absorbance at 480 nm recorded as a functlon of

. tlme. The absorbance value obtalned 0 80 mlnutes after

"the tlme of m1x1ng was then used to construct a callbra-‘

o

tlon graph of ca101Um concentratlon agalnst abSOrbance.d

-A typlcal callbratlon plot 1s shown in Flgure VI

For the analy51s of urlne, éfresh samole should

*be used 1f possxble Otherw1se, 1t should be kept reerg-bw.

'";:upset the 1on1c ca1c1um ,equ111br1um.= The samples were

: centrlfuged 1f any suspended partlcles or tugbldlty was

’present ‘and 5 mﬁ‘were mlxed w1th O l,ml of 0 05% tetra- L

erated wrthout the addltlon of any preservatlve that could_-}-“

=

.

methylmurex1de solutlon and the absorbance measured as
'f'for the standards, except that a portlon of the urlne :
‘ijgsample was used 1n the reference cell 1nstead of dlst1116df.~'jk

l{’water.f The 1onlc calc1um concentratlon was then found by

s

freadlng the bsorbance (corrected for sodlum) from the

Tﬁjcallbratlon graph

To correct for 1nterference from sodlum, solutlons et

"f‘were prepared contalnlng sodlum chlorlde 1n the concen-;:fffhvﬂ’ o
",‘tratlon range of 0 1 to‘s 4 M These solutlons were then ]“j7fhgﬂff

:h'Qused to prepare a callbratlon graph 1n the same way as forf,}f*ffﬂ*ﬁ

RERER W
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calcium‘ The sodlum concentratlon of the urine sample'
- was then determlned and ‘the . absorbance produced by thls

concentration‘of-sodium read

graph Thls absorbance value was then subtracted from

that obtalned for the urlne sample and thlS corrected ":'"- v

iy .l’.

'absorbance rea off on the ca101um callbratlon graph to

_ ;glve the true calclum concentratlon of the sample.»wA !
typlcal sodlum callbratlon graph 1s shown ln Flgure VIT

' The sodlum concentratlons of the urlne samples |
'pwere measured by flame emlSSlOn spectroscopy Stgndards
_.,were prepared from sodlum chlorlde to glve solutlons con—e
talnlng 5 to 100 ppm of sodlum in dlstllled water. The -
Heath modular spectrophotometer was - set.up n51ng a hydrogen- _Ff*'
goxygen flame, a Sllt w1dth of 22 um, and a wavelength of
”'589 nm. The average chart readlngs,"Sbtalned in the %T ':frp”f/.f
| mode, were plotted agalnst cohcentratlon of sodlum to e e
'glve a callbratlon graph _ The urlne samples were then

,,dlluted by a factor of 50 w1th dlstxlled water, and these f.ﬁ

/ N 2

’”psolutlons asplrated under the same cOndltlons as for the

"5ilatom1c absorptlon Spectroscopy 61 62 Standards wére pre-ﬂk?u”£~~“

E.standards The sodlum concentratlons in: the samples were-”[f

5 fthen read from the callbratlon graph \Qi'
‘ Total CaIC1um Analy91s.; ThlS was carrled out by

S e

lzspared by flrst dllutlng the standard ca1c1um solutlon

”5:?(1 ml l mg Ca) to glve a solutlon contalnlng 20 mg op77”
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B ﬁ

: ;Figurg Vif3 Callbratlon curve for tetramethyl-.“

- murexide with sodium. A Absorbanc
- .. values were obtained by subtracting

“ the ylank value at - 480 nm from the ™

. measured absorbance values at’ thls R

7fwave1ength

~

. ‘_[{\\;. ' .




' callbratlon plot.

is in agreement wit
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é‘ t
of this solution was mlxed with 10 ml of 5% lanthanum chlo-
rlde solutlon and dlluted #o 100 ml with dlstllled water.

These solutlons were then asplrated into an alr—acetylene

flame 1n the atomlc absorptlon spectrophotometer and the

‘absorbance recorded A callbratlon curve was"* then plottéd

of the meter readlng Vs. ca101um concentratlon.. Sample

solutlons were prepared by m1x1ng 1 ml of urlne w1th 5 ml

- of lanthanum solutlon and dllutlng to 50 ml w1th dlStllleF

. ,
water These solutlons ‘'were then asplrated under the S

» same condltlons as for the standards.. The concentratlon

T~

-of total calclum in each sample was’ then read from the

Results and Discussion

Stability of'the‘Calcium—Tetramethylmurexide Complex.

The . absorbances of the ca1c1um-tetramethylmureX1de

'solutlons were founE to decrease slowly with tlme. ~TH;s c

the flndlngs of Hunt and Klng52 but

is contrary to those of Pedersen.32 The rate of decom-

9

L .'p051t10n appears to be approxxmately proportlonal to the

-amount of calc1um present, the blank whlch contalned no

ca1c1um, -did not. show a decrease 1n absorbance.» A typlcal

bfrate of decrease in- absorbance for the standard contalnlng,

15 ml of caIC1um solutlon was about 4% per mlnute._ Thusb

'Vlt was necessary to measure the absorbance of the solutlons.

Ob

psoon after addltlon of the tetramethylmurex1de. It was



T.

Loy = et =
e S RN [H+] + Ka Ka [H+] + Ka

At pi 8, aj = 0-996 ‘so 99. 6% of the total c1trate is

found that about 0.80 minute was sufflcxent tlme to flll

i

the cell, place it in. the cell holder and start the scan,

SO thlS tlme was arbitrarily chosen as the tlme of measure-‘

_ment.

‘Accuracy of the Tetramethylmurexide Method for the Deter- -

mination of Ionic Calcium.

An ex eriment'was‘carried out to verif the accur-
P

acy. of the method by measurlng the absorbance of a solu-

tlon contalnlng a known amount of ca101um and a known

amount of c1trate whlch complexed w1th part of the calc1um

and thus reduced 1ts ionic- concentratlon.' The ionlc cal- :
cium concentratlon was then read from a callbratlon graph, .
~the dissociation‘conStant'Oftthevcalcium citrate com?‘ﬁ

‘plex_was calculated and'the value compared with the.lit-

'erature‘data. ‘The experlment was carrled out at .pH 8 so

that the - c1trate would be essentlally in the form c1t3 .

The fraction of c1trate in ‘this form was calculated u51ng
ac1d dlSSOClathn constants63 of Ka1 =1, 15 X lO 3;_Ka2 =
\ o

4.6 x_le5 and K.a_3 =_2.4 x 1076 in the‘express1on: .

1%, 1K32Kai

ht3

present as 01t3 at pH 8

Slnce 1onlc concentratlons were used rather than-:'

- 48
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act1v1t1es, a condltlonal dlssoc1at10n constant was deter~
mined rather than a thermodynamlc constant . Thus 1t was
1mportant to know the ionic strength of the solutlon used
'1n the experlment Most llterature values for the dis~
__soc1atlon constant of ca1c1um c1trate were measured at an
‘ionicnstrength of 0.16, so. this value was used in order

to be able to make a comparlson more readlly Contrlbue
tions to the 1on1c strength in thlS experlmént orlglnated co e
from the . buffer solutlon, the ca1c1um 1dns;_the chlorlde N
ions present as ~counter- ions to the standard calc1um, the'
calcium 01trate complex, free citrate ions and. sodlum
counter—lons,“ These contrlbutlons'were;calculated.as_.;"_f_@:
. fOllQWSz“ ' | | . \i |
For the buffer solutlon,_representlng trls(hydroxy-
‘methyl)amlnomethane (THAM) as T NHZ' reactlon w1th hydro-

chlorlc ac1d glveS the protonated form T- -nut Protonatlon

3°

‘of the excess T--NH2 can also occur by hydroly51s. '
R | - S -
_T:an-f.Hzg_.:-'T NH3_+,05

" The total concentratlon of ‘THAM 1n the stock buffer solu-‘:{:'
tion was 0. 632 M, and in the experlment a ten fold dllu-lf“f"'

‘ tlon was, used, so the flnal concentratlon of THAM was

',o 0632 M.



Therefore, [T-NH,) ] +‘[T—NH;] = 0.632

L 4+ EN _
From above, at pH 8, [T-NH31f. . = 1.4 x 10 6.
: (0.0632-[T-nH31) ~  107°

and [T-NH3] = 0.036 M..

For electroneﬁtralify in tHe buffer solution] the chloride
“ion concentratlon must be the same, so [c1™ ] = 0, 036'M

The total concentratlon of calclum 1n the solutlon under

-3

’,study was 2.50»x lO M and the total concentratlon of :

© citrate was 2. 27 x 10 3

i3

“Ceé ‘e._z,so x 1073 = [ca?*] + [cacitT).

-3

I

(@]
I

 Cip . = 2.27 x 10 (cit?T] 4 [cacitT]
N SR : SN

Lo 24 3=
k+ = M€a JICItT ] g4 4 10

-4 (64
[cacit”) -

u.at>25°,fuv$~0;16

_ o - f' ..2+' '”vd'_t.f 2+
70kt 2 @ J{CCiF' Ce > a - [Co ]);7 (1)
" e Y

Cca [Ca J._ \fi_
and [Ca™'] = 1.58 x 10 ~ M. Then [CaClt ] 9 2 X 10
e o &Wf- SRR R L
,'and fCit3-1_= 1'35’x.10‘§j§,d The c1trate was added as trl-'

-SOdlum c;trate dlhydrate, thus the concentratlon of sodlum '

S L -3 3
L 3Ccit_= 3 X 2 27 x 10 = ‘or 6 81 x 10
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The chloride counter—ion;in the standard calcium

solutlon was equal to tw1ce the total calc1um concentra—

tlon, or 5.0 x 10 -3 M. : ..f‘ o ‘h}:,z

The total lonlc strength then, given- by u = §2 Clzl2 is

b= 7 {0.036 +0.036 -+ 1.58 x 107 =3 x4 +9.2 x 107
+ 1,35 x 10 7 x 9 + 6.81 x 10 +.5.0 x 10 7}
o S S SR |
u =A‘o.051‘

- : _ . o o
-.To‘prov1de a final 1on1c strength of 0. 16 “potassium -

. chlorlde ‘was added (0. 812 g per 100 ml) ’. Lo

The procedure for estlmatlon of the condltlonalv
"formatlon constant of calcium, 01trate was as follows A[
,.mlxture of 0 812 g KCl 10 ml of pH 8 THAM buffer solu—d'
dtlon 0. 0668 g of trl sodlum c1trate dlhydrate and 10 ml = h; ‘e”'
: of standard ca101um solutlon (l ml l mg) was dlluted : .
w1th dlstllled water to 100 ml 1n a volumetrlc flask The'efi
Mlonlc calc1um conoentratron was then determlned as des—{ :
Crlbed in the 'Procedure' sectlon The standard ca1c1um<
”'fsolutlons used in the preparatlon of the callbratlon graph
"ngere also adjusted to an‘lonlc strength of 0 16 u51ng

pota551um chlorlde _,fﬂ_
= oo :’5"" I

°

%V~Results:f,

An 1on1c calc1um concentratlon of 1 10 x 10 3

' -

"f:iwas found._ Thus [Ca|‘]k 1 10 X 10 3 | 5‘--2 50 X 10

VQ.
¢ :g. :

-



s

=Q2227,x 10-3. Substltuting these values:into

. = F g < 4 e .
dlSSOC. = 6.8 x lO _ at 25° andv‘

and C cit
: Eq. l glves a value for K}
an 1on1c strength of 0.16. - This compares well w1th the

llterature values of 6. 8 X lO (25° H = 0 15)65m 7. 0 xk

‘4 (25° u=-0. 16) 64, and 6.0 x x4 (23°, u= 0. 16)66

10
and thus demonstrates that the: tetramethylmurex1de method

~does. accurately measure 1on1¢ calc1um concentratlon

.

Effect of Sodlum

Sodlum forms a complex w1th tetramethylmureXLde_'

that absorbs in the same reglon as the ca1c1um complex ,hg)t

It thUS causes an. 1ncrease 1n the. apparent calc1um conoen—

7/ tratlon However, in cOmplex1ng w1th the tetramethyl-

'murexlde 1t removes some of the free dye that would other-r.

w1se be avallable for complexatlon w1th ca101um w1th the

. The flrst of these two opp051ng effects Dredomlnates 1n

. the concentratlon range used here,_as shown 1n Flgure VI. )

The sodlum correctlon method of French Cham and Cross,33.l':’

.'kand Cham,S? whlch was uSed here does not take 1nto ac—* :

52

2»result that the apparent calc1um concentratlon decreases. i',ff

. count the second effect When the hlghest accuracy }s de-ff':g

',51red dallbratlon graphs should be prepared for each sam-‘

ple, u81ng matched sodlum concentratlons The calculation T

'f* method (see Appendlx) also corrects for both sodlum effects.'”

Effect of Ionlc Strength
As mentloned 1n the background sectlon, errors due

df]' to 1on1c strength effects w111 lnvarlably occur when the

ut:;lf__:z_f
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"'tetramethylmurex1de method is: applled to blOloglcal flulds
of unknown ionic: strength The follow1ng calculat1ons
.were carrled out to estlmate the error that ‘can occur when
analyzlng urlne samples for ;onlc calc1um concentratlon :

_ by thlS method The ionic strength of urlne was calcu-"

ooooo

o

j_spgcles normally present whlch were usually reportéd as .l
al range of values. The maxlmum and mlnlmum 1nd1v1dual

'1on1c strength contrlbutlons were summed to glve the total

ql.max1mum and mlnlmum 1onlc strength The actlvlty coef—s

'bf1c1entslfor the calc1um 1on were then calculated u91ng
" the extended Debye Huckel equatlon and compared w1th the
-.1value obtalned for the standards.. The results for the

furlnary values are summarlzed in Table III Whlch shows f S

.

S _that the mlnlmum lODlC strength for normal urlne 1s in®

-,fculatlons.z’

.-the reglon of 0. 16 and the max1mum value Ais around 0 45

| However, 1t should be reallzed that pathologlcal samples
'4LOL10 11e OutSlde thlS range, for example when a hospltal
'fpatlent lS on a dlet that lncludes a large 1ntake of water.hp)’
:h:The standards were prepared at an 1on1c strength of 0 25 '

4

"1wh1ch ls con51dered to be the average value for urlne.»f'

»

[The effect of these 1onxc strength values on the act1v1ty

v,’ecoeff1c1ent of the CaIClum Ls)shown 1n the followxng cal- ,_g;,,,.
. 4 - ’ ) . e R

vl

e S g i
';-‘ 109 fca2+ =”’°‘ 3 {E. (1n water at room ”_ S
) | 1 +) ‘5 N temperature) SR T

.;o :
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”'?fflndlngs of Cham

"For p = 0.16: feca’t = 0.27 .
For u = 0.25: fca’' = 0.22 o
C ®
 For = 0.45: fea?t = pas

. Slnce concentratlon is related to act1v1ty by a=c x f,_

P~

the relatlve error 1ntroduced when a urine sample has

T —’0 16 will be’ 19% and for a sample w1th u 0 45 thej-

‘i.rerror,w1ll be 27% Thls demonstrates that unless the ‘

ionic strength of the sample\can be determlned W1thwrea-

sonable accuracy and a correctlon carrled out, 1arge

oot

'1uerrors can be 1ntroduced

AnalySis of‘UrinefSamples

55

Four urlne samples (obtalned from patlents at the}-‘ei_fl'

t-;Unlvers1ty of Alberta Hospltal) were analyzed for totgl L
*calc1um and sodlum by flame spectroscopy, and for 1on1¢ _tv"
“'f'calc1um, as descrlbed 1n the 'Procedure sectlon.‘-A;{;stL;,w\

'fcomparlson between 1on1c and total ca1c1um Was made, and R

.7 iy

Vithe percentage of - 1onlc calc1um was calculated The rel o
'Sults are’ shown 1n Tables IV and V It 1s seen that the;j
H"T'percentage of 1on1c calc1um varled from 40 to 65% w1th ?;ﬁ

’a mean: Of 52% ThlS 1s in reasonable agreement w1th the“_ég o

57

‘;;w1th a mean of 50% and w1th Robertson24

h;;average of 50% 1onlzed ca1c1um .ffg_}ffs’

’ who found values ranglng from 41 GO%SF”

Iz who found an if{'-*"73‘ s
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: CONCENTRATION IN BIOLOGICAL FLUIDS

o\ o .
\\:THE SPééTROPHOTOMETRIC DETERMINA?ION OF IONIC\MAGNESIUM

”Background
The spectrophotometrlc determlnatlon of metalllon

concentratlons 1n b1010g1ca1 flulds by the approach des-.“

3cr1bed in the prev1ous Chapter requlres a reagent that has

'4,propert1es of a very strlngent nature ' It must be suf-

1 |
f1c1ently water soluble that a small voiume of the reagent

:solutlon in hlgh concentratlon can be added to the sample
to mrnlmlze dllutlonveffects. It must form a complex w1th

ahthe metal 1on that has a. hlgh molar absorpt1v1ty 1n the

_\~HV151ble reglon preferably w1th an absorbance’maxxmum at

“4

a wavelength well separated from that of the free reagent ;
N’For the analysrs of urlne samples a wavelength away from

" Nthe yellow reglon (380 - 460 nm) 1s advantageous.b*The E

B f{complex should have a. suff1c1ent1y small formatlon con-'"

'stant that the equlllbrlum between the bound and free metal

”flon lS dlsturbed as llttle as p0551b1e o However, the

ﬁfformatlon constant must not be so small that lrttle or no f?’

:..;[

's5y51s The reagent should be spec1f1c for the metal lon |

@

g

’"“complexatlon takes place under the conditlons of the anal—ii"” 2

:'.to be determlned ‘and free from 1nterference by other sub-ffffff:s‘

'ﬁf{fstances For urlne samples the complex formatlon should

e



%Q‘ i

be unaﬁfected by varlatlon in pH over the range of’ about

‘ . .
\

4 to 8.

The reagent must of course dlsturb the metal ion

; egu111br1um to some extent 1f 1t is to form a complex.
.[ L e
"For a maximum error of l% [M] > lOO[ML], where M repre—

4
sents the metal ion to be analyzed and L the reagent
e

. 11gand The charges on M L and ML have ‘been omltted for

slmp11c1ty.

jat
{ (8
t
I
4
Ry o oo X - . . N . . . .
U . . ’ ‘ e

gfftf‘“ | : ) . g_; <. ng:< _55TET for a, max1mum error ;;

; The proportlon of the metal 1on that 1s bound to the re=

agent can thus be controlled by the concentratlon of re—i=7"

552}3 egent However, the concentratlon of reagent to be- usedh‘

fdepends also on the molar absorpt1v1ty of . the free reagent _l{i’;"‘

RTINS G
:Lﬁy; and 1ts complex w1th the metal 1on, 31nce absorbance .
.;:.'.

’ﬂ:,Jreadlngs above 0 1 are normally des1red for adequate ac—ijﬁtffﬁmgxfﬂf

o

,churacy., 'if,~;‘,“3,»x_‘tm:

o -

lmagne31um 1n blologlcal fluxds.1 Both Erlochrome Black T

and Erlochrome Blue SE have been proposed 35 37 but these“,fffjff'l

'reagents are pH sen51t1ve and are subject to 1nterference _Q*:'

<y
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‘ frOm calcium Erlochrome Black T 1s also sen51t1ve to

i

trace amounts of cobalt, nlckel, copper and 1ron.' K

A 11terature search was carrled out to flnd whether

\

oa reagent was avallable that possessed all or most of the
requrred properties 1lsted abon s The . work of Dlehl’and
- Ellingboe67 was useful 51nce they had 1nvestlgated theyli

complex~ formlng propertles of a large number of azo com—.

pounds with ca101um and’ magnesrum/ One of these compounds,‘

' 1 (2 -carboxy 1 —benzeneazo) 2 hydroxynaphthalene was re- _

ported to glve a weak complex w1th magneSLum (log Kf = 2 1)'

o g

’ but ‘no; complex w1th calclum Its ac1d dlssoc1at10n con-. -

LY

', stants were reported to be favourable 1n that negllble

nlonlzatlon would be expected in. the pH range 4 to 8 The

-

» compound was therefore synthe51zed and lts propertles 1n*.'"-

vestlgated The synthe51s was carrled out by d1azot12a—'
tlon of anthranlllc ac1d and coupllng w1th 2—naphthol

as shown below

© 2-Naphthol

R L I e S A S T N PO

\ i“
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-For convenlence, thls compound lS rEferred to here as

}CBAHN A more soluble derlvatlve of thls dye was " also

prepared and 1nvest1gated by uS1ng 2- naphthol 6 sulphonlc
- a61d in place of 2- naphthol ThlS derlvatlve is referred

to as CBAHNS

.~ Experimental

Reagents
Synthesis,of CBAHN. The method used was’ adapted

from those for 51m11ar dye568 29 and from the work of

Dlehl and Elllngboe on the 'same dye. 67 About 50 g of ‘

',lanthranlllc ac1d (BDH) was ground with. dllute hydro-,

o

chlorlc a01d (92 ml of concengrated HCl and 150 ml of wa--'
‘ ter), the slurry cooled to- 0 S°, and placed 1n a 3 lltre,.f

3-necked flask fltted w1th a meohanlcal stlrrer and ther- -

1

,'mometer A cooled solutlon of 26 g of sodlum nltrlte 1n

k350 ml of water was added slowly over a perlod of @bout

‘40 mlnutes untll a test portlon of the reactlon mlxture

» vR’ -

rgave a p051t1ve reactlon w1th starch-lodlde paper, 1nd1c—f

'}wa

60

Qfatlng that excess n1tr1te was present Durlng the addltlon,'“ﬂ

'ithe mlxture ‘was stlrred contlnuously and kept below S° byo hbfglﬂdh

&,

'j~1mmer51on in an 1ce bath The resultlng turbld yellow )

1

dlazonlum -solutlon was flltered and kept below 5° whlle ;1dtff

”*':the next stage was set up

About 52 g of 2-naphthol (BDH) was dlssolved 1n

. Q

. s°1“t1°n °f 80 9 °f SOdlum hYdrox1de 1n 430 ml of water., i‘,l":"
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= v

Approxrmately 300 g of ice was added to the warm solution
| “to cool it to about 5°; care was taken to avoid prec1p1t—
ation of naphthol. The cooled solutlon was transferred ‘
to a 3-1itre, 3-necked flask equlpped with a mechanical

r stirrer and thermometer, and the prev1ously prepared dia-
zonium solutlon was’ added slowly over about 45 mlnutes
with constant stlrrlng and with the temperature held at
'aabout 5°. It was necessary to add’water (cooled to S°)
to dllute the slurry of’ aZO compound that formed, other-
wise stlrrlng beCame 1nefflclent After the dlazonlum h
solution had been added the mlxture was stlrred for a

further 30 mlnutes, then held at 5- 10° for 3 hours before

:'.fllterlng off the red preC1p1tate by suctlon The product '

Was allowed to air dry and then was recrystalllzed from
acetic ac1d as red, heedle - shaped crystals w1th a. meltlng
point of 275-277° (lit. 7; mp 278°) Elemental analy51s
gave the following: ‘carboi: theor. 69. 9% found 69 3%;

‘hydrogen, theor. 4.15% found 4. 27%; n1trogen, theor.

9.59%, foundt8 54%. - A mass spectrum showed a hlgh 1nten-‘_

L

51ty-peak at 292, con51Stent w1th the calculated molecular

welght for the protonated compound of 292 3 Isotope peaks‘

‘ of smaller 1nten51ty were thalned at 293 and 294

_ynthe51s of CBAHNS The flrst stage of the syn-

*

thesls, d1a20tlzat10n of anthranlllc ac1d was carrled out

-as, descrlbed above in the synthe51s of CBAHN 'For.the5 L

¥
-

o
“hoo

e

61
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‘dsecond stage, 105 g- of 2-naphthol-6- sulphonlc acid, sodlum

salt (Eastman Kodak) was mlxed with a solution of 80. g of
sodlum hydrox1de in 430 ml of water*laddltlonal water was
added, w1th stlrrlng, untll dlssolutlon was complete, The

solutionh was then cooled to about 5° and placed in a 3=

- litre, 3#necked_rlask equipped<with a mechanical stirrer‘

and thermometer. The cold diazonium solution was then

added slowly to the’naphthollsolution overla period of one'
\W

‘hour w1th contlnuous stlrrlng, andqw1th the temperature

held at -about 50, A deep red solution was produced which

was stlrred for a further 30 mlnutes to ensure complete

Areactlon The product was 1solated by the addltlon of

.5 M hydrochlorlc ac1d to the solutlon ‘with stlgﬁing, un-=-

\Q 9
til a dark red pre01p1tate formed (presumably the protone

‘ated'form of CBAHNS) ThlS was flltered by grav1ty, washed
.w1th 1 M hydrochlorlc ac1d and agaln flltered and allowed_

‘ 2
to air dry Attempts to recrystalllze the product from

ethanol, acetlc ac1d and butanol Were unsuccessful.t'An n

e -

adaptatlon of the purlflcatlon ‘method for Calmaglte used

.by Lindstrom and Dlehl72 was then trled " The: partlally
".dry SOlld was repeatedly extracted 1nto>hot acetone by
nstlrrlng whlle heatlng on a steam bath then decantlng offdml'
the mother. llquor and repeatlng the extractlon us1ng fresh L
hportlons of acetone unt11 the acetone extract ‘was. almost |

_ colourless. The comblned acetone extracts were flItered h

. o
. v



and evaporated to dryness on a ‘steam bath leav1ng a shlny

black solld The non- extractable solid was allowed to -
alr dry yleldlng a brlck red powder The non extractable :
fractlon ‘was desxgnated CBAHNS-1 and the extracted frac~
‘tlon CBAHNS 2, Both fractions had meltlng p01nts above
360° although CBAHNS 1 darkened above 300° Sodium was
determlned by 1gn1t10n of CBAHNS m01stened w1th sulphur1c~
' acid ang’ welghlng the re31due as Nazso4 ' Found, for
_CBAHNS-1, 12.9%; for CBAHNS-2, 0.31%;,theor. fothhé mono-
sodium salt, 5;8%;" Chlorlde was an expected 1mpur1ty, and
‘was determlned by turbldlmetry 73 Found for CBAHNS -1,

15 2%; for CBAHNS-2, 0.46%." For CBAHNS-1, this resdlt _'
was conflrmed by grav1metr1c analys1s as AgCl whlch gave_
"a value. of 15. 1% cl. Potentlometrlc trtratlons w1th so-
dlum hydrox1de were carrled out on both fractlons : Plots
of pH agalnst volume of base added are shown\ln Flgure .

: VIII For CBAHNS l, only one potential break was observed
but for CBAHNS 2, two potentlal breaks were seen , Thls
squests that | CBAHNS -1 was . the monosodlum salt and that

- CBAHNS-2 ,was the protonated compound yhlch lS 1n reason—;

. [
- I
"

’ reement w1th the above results for the sodlum o

"
[}

ana1y51s._ On thlS bas1s, the percentageopurlty was calcu— _f

63

lated from the potentlometrlc results, whlch showed CBAHNS l d'

to be 83 2% and CBAHNS 2 to. be 99 6%, pure., ThlS is- 1n’§ood t“,‘

agreement with the results for sodlum and chlorlde, slnce

R
”\R,; .
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. ml of Ol00IM NaOH

! .-

o .Figpre‘VIII Potentlometrlc tltratlon curves for CBAHNS

(a) - CBAHNS-1 (0. 1062 g)
(b) CBAHNS-2 (o 1085 g)
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the monOSOdium salt has a theoretlcal sodlum content of
VS 8% and this. leaves 7. l% unaccounted for. If thls excess
sodlum is comblned w1th the chlorlde then thlS glves 17 6%

'NaCl present as. 1mpur1ty 1n the CBAHNS -1, which’ 1s 1n ac-

:~'cord with the 83.2% assay. Elemental analysis, carrled L

~l ‘ v .
out by the mlcroanalytlcal laboratory, Department of Chem—

1stry, gave the follow1ng results For kBAHNS -1: carbon,_,>~

theor 51. 8% found 36 2% hydrogen, theor 2.82% found
3 3%, nltrogen, theor. 7. ll% found 4 2%, sulphur, theor.
fﬁa 13%, found 5.8%. For CBAHNS-32: carbon, theor. 54.8%,

found 55 0%; hydrogen,»theor 3 25%, found 3. 9%,,nrtrogen,

'.wtheor 7.52%, found 2.8%; .sulphur, theor. 8. 613, found 6. 6%.’

The low results. obtalned for CBAHNS 1 can be attrlbutedlln.'

o N R

w'part to sodlum chlorlde 1mpur1ty After correctlon for
17.6% NacCl, the theoretlcal values become carbon, 43 2%-

"hydrOgen, 2 35%, nltrogen,,s 93%, and sulphur, 6. 78% The

poor results for CBAHNS -2 may have been caused by d1ff1—~”ﬂ a

cultresrln the analy51s, sxnce potentlometrlc tltratlon

"6

glves an equlvalent welght withln 0. 4% of the theoretlcal S

Other Reagents Standard magne51um solutlon was

vprepared by dlssolv1ng 0 100 g of magnesrum sulphate SR

“(Flsher Sc1ent1f1c) 1n 100 ml of dlstllled water to glve a’

*,solutlon contalnlng 0 02 g Mg/lOO ml The fOllOWlng buffer ;Er:'

u"solutlons were prepared B For a buffer o pH 4 50 ml of

~*0 1 M pota551um hydrogen phthalate (Flsher Sc1ent1f1c) was 4;55*5

n-mlxed w1th 0 1 ml of 0 l M hydrochlorlc acrd and dlluted




“to 100 ml with distilled water For a buffer of pH 6, e

0 1M hydrochlorlc acid was added to 20 ml of 0. 1 M trls—-. .

(hydroxymethyl)amlnomethane (THAM Flsher 501ent1f1c)
tll the pH reached the requlred value as measured b
standardlzed/iH meter.. . For a buffer of pH 7, 50 ml of 0.1 M

THAM was mlxed\glth 46 6 ml of 0.1 M hydrochlorlc ac1d and

dlluted ‘to 100 ml w1th dlstllled water.‘ For a buffer of |
‘ pH,S, 50 ml of 0 1M THAM was mlxed w1th 29.2 ml of 0. l M l'
hydrochlorlc a01d and dlluted to. 100 ml w1th dlstllled |

water. For a buffer of pH 10 50 ml of 0. 05 M sodlum bl—
carbonate (Allled Ehemlcal) was mlxed w1th 10 7 ml of 0. 1 M '
sodlum hydrox1de and dlluted to 100 ml wrth dlstllled water

_".}" A 0.1 M solutlon of 511ver nltqate (Johnson Matthey
and‘Mallory) was used for the chlorlde analysrs | Sodlum

chlorlde (Flsher Sc1ent1f1c) was used to prepare standardsA

for the turbldlmetrlc chlorlde analys1s._ Sulfamlc ac1d

(hlgh purlty grade, Matheson, Coleman and Bell) Was used

Jandardlze the sod1um hydrox1de solutlon used 1n the

potentlometrlc tltratlon of CBAHNS. pﬂddt h*hd;_';d’: "ﬁ'i\f,j;nfw

L .

M ».o | A
- A Unlcam SP 800B spectrophotometer was used to Ob» ‘ff}f”ﬁ
il all Spectra A Coleman 280 PH meter (Coleman Instruefjf"

: ment ' Perkln Elmer Corp ) equ1pped w1th a glass eleCtrode;}o'f.“]f

and a calomel reference electrode, was used for the po-"

”ff tentlometrlc tltratlons of CBAHNS w1th standard sodlum'ﬁfvf"

hxdroxlde. TR



Procedurej

s : CBAHN. ThlS was found to have a very low solublllty
in water, although with 1ncrea51ng pH the solublllty 1n— 1
‘creased. A saturated solutlon was prepared by dlssolv1ng

_ b
CBAHN i dlStllled water adjusted to pH 11. w1th sodlum

o hydrox1de solution. ThlS solutlon ‘was dlluted by a factor

-of ten w1th dlStllled water 1n order to brlng the absor-

‘ bance down to a reasonable level A 5-ml portlon of thls

- solutlon was mlxed wlth 2 ml of buffef’solutlon pH7 and -

o 2 ml of dlStllled water, and the spectrum recorded over H}

the v1s1ble reglon in’ l -cm. glass cells The measurements

67

~were repeated u51ng buffer solutlons of pH 6 and pH 8, and _fi.

flnally the whole procedure was repeated usrng 2 ml of

’.standard magne51um solutlon (0 02 9 Mg per 100 ml) 1n place“:

.Lof the 2 ml o dlstllled water,tiielf

»

./ CBAHNS A 25 mg portlon “of . each fractlon was dls—.:f“'

_solved in. dlStllled water to a flnal volume of 60 ml Thlshtug

‘waas then dlluted by a factor of four and to 1 ml of thls

G

o ,solutlon was added 2 ml of buffer solutlon (pH 4 6 8 or ppegt

”*‘10), 2 ml of dlStllled water, and the spectra recorded over'ff' .

'the v151ble reglon u51ng l—cm cells.~ The measurementsidf-

'h’were then repeated us1ng 2 ml of standard magne31um solu—?**i

.dtlon (0 02 9 Mg per 100 ml) in place of the 2 ml of dls—xjﬂi"'V

: 'tllled water._;f,“ jf7~-.§::‘
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"#. ' Results and Discussion
o —

’ICBAHN. The spectra obtalned when no magnesmum was

‘present were 1ndependent .0f pH over the range studled w1th

o magne31um present,'no change 1n the wavelength of max1mum I

absorbance max1ma at 488 nm, as. shown in Flgure IX. W1th -

absorbance occurred but a reductlon in ‘the absorbance '

values was observed, and the absorbance found to decrease

' w1th tlme. After about 30 mlnutes, the absorbance had de-"“

; fact that the basellne between 550 and 650 nm shlfted from _

"

creased to about 25% of 1ts or1g1nal value and a falnt red
pre01p1tate was observed on the 51des and bottom of the
cell whlch Suggested that the magnesxum complex Was slowly

comlng out of solutlon Thls was . substantlated by the

”‘zero to a small p051t1ve value as the absorbance at 488 nm

- 68

decreased ' Thus, both the reagent and 1ts magneslum com-'i¢'7'

'soluble derlvatlve of the dye by 1ncorporat1ng a sulphonlc

plex are too 1nsoluble to be sultable for the determlnatlon R

of 1onlc magne51um : At thlS p01nt synthe51s of a more

. ac1d group 1nto the molecule was studled

CBAHNS The spectra for CBAHNS l and CBAHNS 2 were

srmllar, except that CBAHNS l gave greater absorbance

_l readlngs 1n each cafe.. The shape of the Spectral ga;ves-ﬁh
o .
.

resembled those of CBAHN CBAHNS l hav1ng an. absorbance Lol

_"T max1mum of 0 96 at 487 nm and CBAHNS 2 hav1ng an absorbance

6

L maxlmuggof 0. 68 at 488 nm.; When no magnesxum‘was present,;_“ft’al”

f[; no change 1n the spectra was observed over the pH range



B

k)

absorbance -
o

L
1

/

”59 :

onpl wavelength (am) oo oo

o v, Figure.IX. "Visible spectrum of  CBAHN. at PH 7.7 .o



| L4-10" W1th magne51um present "no change wasvobserved over
”. the pH range 4 8, but at pH 10 a dlfference was observed |
Thus “for CBAHNS l the wavelength of maxlmum absorbance was
shlfted to 484 nm and the absorbance valve decreased to
0.79 at thlS wavelength Complex formatlon w1t2 magne51um'
ftherefore appears anal&tlcallvyuseful only above pH 8, 'l K

| d‘whlch 1s out51de the pH range requlred . The reagent<1s

'T,,therefore not sultable for the determlnatlon of 1on1c mag-.'.

Une31um concentratlon in blologlcal flulds. It may be pos-ff
',551b1e to flnd a derlvatlve of thlS compound that forms ani'”
'_"analytlcally useful complex w1th magne81um for cllnlcal *]*

“;-appllcatlon.:f L

70



ﬁzifthe sample solutlonland age of the electrode.a~

o .SUMMARY

h A method’for the determlnatlon of. total ca1c1um in.

'urlne was developed by tltratlon wrth EDTA, u51ng the‘

fluorescent 1nd1cator calceln. The method was tested for

« 1nterference from compounds‘normally found in urlne Only-h
jphosphate was found to lnterfere serlously.. The tLtratlon j

of urlne samples was hlndered by lnterference from phos—'hw
'phate and by a naturally occurrlng fluorescence wh1ch ob— ,vttt

'_scurred the end p01nt Both these problems could be over- .

come by the use of smaller samples._ Comparlson of the
s

‘-results obtalned for a. set of urlne samples by thls method

N

" and by atomlc absorptlon spectroscopy gave reasonable agree—~
-fment for most samples although the EDTA tltratlon gave ;;;‘

_sllghtly hlgher results.'@;;

Y

The coated ‘wire type of calc1um electrode was eval-':f'V'

‘n

»uated for use in the determlnatlon of 1onlc calcr N £
.rv’was found to be unsultable S1nce non—reprodu01ble resultﬁf
'Zﬁwcxv'obtalned Factors affectlng the reproduc1b111ty 1n-7uuf~ o

4ffcluded the thlckness of the coatlng,ytlme of 1mmersron lnff};;fiw'“'

R "»"V

The use of tetramethylmurex1de as a. reagent for the

'*determlnatlon of 1onlc calc1um concentratlon 1n urlne was

T d

7:feva1uated Tests were carrled out that verlfled that the o

Tf;5method would accurately measure the 1on1c concentratlon of

'vfca101um in a solutlon of known 1on1c strength./ In solu- :?in*f“'”

i

'rtlons of unknown 1on1c strength,‘such as urlne,'rtlwas::-'~“’

E I "»» R

. \ e s, : . -
R . S0 el e N N . o tor
L o e ' I



o
demonstrated-that errors'of up to~§6§;could occur if.no
correctlon is made for 1on1c strength effects. A set of
<u:1ne samples was analyzed for 1on1c 05%01um by thls method
and by atomlc absorptlon spectroscopy for total calc1um
An average value of 52% lonlc ca1c1um was found .

An attempt was made to find a reagent analogous to

72

tetramethylmurex1de for the determlnatlon of ionic magne51um L'”'

'n c0ncentrat10n in blOlOglcal flulds. The compound l (2 -

1darboxy 1° -benzeneazo) 2 hydroxynaphthalene was synthe51zed
and 1ts propertles 1nvestlgated The magne51um COmplex is’
1_ too 1nsoluble to be useful for the determlnatlon of ion;c f’
'fmagne51um concentratlon, so a more soluble derlvatlve was .

:‘*prepared by 1ncorporat1ng a sulphonlc a01d group 1n the :

‘,y"molecule. ThlS compound was found to have suff1c1ent solu—i"'“

,bfllty,but the magne51um complex‘formed only above pH 8

~Slnce thlS 1s out51de the phySLOloglcal range, the reagent Ny
s not sultable for the determlnatlon of 1on1c magne81um

'Aconcentratlon in blologlcal flulds. ;A,,f_« ffw
A t i - - ! » i ,o"‘
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._APPENDfX ’ Sy

ST

-DETERMINATION. OF IONIC CALCIUM CONCENTRATION, IN THE PRESENCE

' OF 'SODIUM USING TETRAMETHYLMUREXIDE - CALCQLATION_METHOD S

The ionic calc1um concentratlon.can'be calculated : Qa,k
u51ng the equatlon derived below.} US1ng thlS method ‘no.
'callbratlon graphs are. requlred and both. effects of . sodlum

j-complexatlon w1th tetramethylmurexlde descrlbed on p 52

‘are taken 1nto account..';

Total absorbance, Ap = Aggp * Ayap * Ay W)
_whereeDfrepreeente-tetramethylmurexidef‘:Assuming a path"'

length’ of lecmAt@rcughoﬁt::

| :ACaD'_=llécaD9CaDi_ . 'l'f}é)-

T Mgt maep G

molar absorptivity. . - .

£
=
®
Ny
0]
Q
i

"

‘molar concentration .- 4.

v ) ) P . PRECEAN R
y LT ' o Lo Lo . . X S e X . Lo o - g

"ﬁacflf'h,'fulfﬂ-"i -‘Cb)T;&?:iCD)f FCad fﬁCN&D': ;‘2{“

‘giwhefe*(CD)T;_é;wtotal-COncéntration'of";etramethylmuréxidew'5"
R T e e T T e

or

v
g o Tl e e e
e 3



Nap = LS Guaely L)

0
!

[

.Slmllérly’f,' ;CCaD.v ,;3qof¢Ca2+CD’ - _ “.'. ..7(4) 'f‘

W

Substltutlng (la), (1b) and (lc) 1nto (1), and (3) and (4)
. € ”,
' 1nto the resultlng equatlon and 1nto (2) glves -

5T_;==ﬂacaﬁgcap5f“aNaD¢NaD * 3y

P

-

300C 2+C + a, 1 GCN +C + a

(5) S
® N.‘ D D A ::‘J

C

-~ Coly =‘3cn‘l“t'399¢ca2?’f,¥%§¢naf*;;~#‘f?a“I 1?6°I
Rearranglng (6) to solve for CD' and Substltutlng 1nto (5) : 57V
: 91ves . :f | : ' . : ’ '

. ‘ {3" 300Cc 24 ¥ aN 1. 6C at + a. )(C )T | l-* f"° §g
R ¢ 3oocC 2+ ¥ 1 6Cyat) L

"959191ng417>1for.c¢;é+ §ields;>if_

N~
- -

s, - Splalap n SoyagCugt) = Aglh L GQNa al (s)
B acavg T" i

\_~ wr o




v

CALCULATION OF . MOLAR ABSORPTIVITIES OoF TETRAMETHYEMUREXIDE

AND ITS CALCIUM AND SODIUM COMPLEXES (AT 480 NM)

The concentratlons,of free tetramethylmurex1de [D],
: calclum—tetramethylmurex1de [CaD] and sodlum-tetramethyl-f
- murexide [NaD] were calculated by the same approach used on

‘~p;.50;‘

”,.

' Eor~(CD)T

*of 2 45 X 10

(o). = 71"-6'7' '* 1'0*"_5: and [CaD] = 1.2, x'107°

W

For (Cb)iiy 2;83 xllO -5 and total sodlum concentratlon

7:;fif'_.3.of o 200,.,:
b] = 2,13 xilO and [NaD] 0. 75 % 10

kR

»f:These values were then used to calculate the molar absorp—'fﬁm'

Ctlv1t1es dslng thé fcllow1ng experlmental datb

S

E é‘JC7C'77'?f,ffﬁ'fb.2i4”’iI[gf}f7A}5;_;a;;1hj‘y~
R A aa oy SRR SR S
- 288 x 1070

i

P 5 Uy .
[P

R 5.'-'.. Se, 5 N e ., . ‘ (' ’. )
S

81

T

2 88 x 10 S and total ca101um concentratlon ;-Q

. ’ ',‘va'-J w & T IR A

.f:hht autctal calc;um °°ﬁ¢¢h£r§ti§hf9f'214%:*3¥Q73;'Af¥36?337ﬂlf;f: L



0,242

0.387 = acap

2.17 x 10%

[
)

caD:

|
@]
o
9!}

~Bp = anapCyap

ik
aNaDQ'7$ X }p

QNaD;'? 1712.x 10- 

x 1.21 x 10°

S,

DD '

- . .

+7.43'x 10° x1.67 x 10

VJAt-a‘tQtal'sodium cdncehtratiOn'of‘0;200; A

3

= 0.242

SAMPLE-CALCULATIONS USINGIEXPERIMENTAL}bATA o

The calculatlon method was tested u51ng experlmental

";jdata from known mlxtures of calclum and sodlum, and u51ng

‘ ?'the ab0ve values for the molar absorpth1tleS-J;

S

ffhgaves Kol

'ifat 480 nm

"glves C,

3

: s
For CC 2+ ;( 2 4§ b’ '10- ~ and C;

Cea2t = 2 63 X 10

"}deecrlbed en p .43 | C32+

ca 2*-,

1.40 % 10 ?.

Na+ vf'o

BY the graph1ca1 method ‘

l 94 x 10

1 225 X 10 3 and C,

Nh, o

zso A= 0. 382 fﬁ’

. T

_ _ } R
Substltutlng the values 1nto equatlon (8)
3 A .

3

o zoo AT = o 333 }ﬁff"

"V;Aat 480 nm.ﬁ Substltutlng the values 1nto equatlon (8)

By the graphlcallmethod

'j;*fdescrlbed on’ p 43 c a2+ _,;go;aa‘x 1073,

-3

3 -5

+7.43°x 10° x 2,13 x 107> ¢

S

82

<



' 'YZNOte;. The values for the forMatlon constants of the cal-

83
3. For the analysis'of the‘urine samplesfshown iniTable Iv:

‘:Sample No. 2 by the calculatlon method glves

| Ca2+ = 2.84 x 10 -4

and by the graphlcal method glves ‘

' | =4 |
»CC32+\,'*( 3. 75 X 10 S .

,Sample No. 3 by the calculatlon method glves L V._sAQU‘f'
3;_;. S ST O

¢

. "‘QCCa2+ .é' 3 79 X lO

"and by the graph1cal method glves .i'
3 o

—

SPTURNES 3 40 x 10 |

‘v;Sample No.y4 by the calculatlon method glVes '»'ﬂ_:'yyzlﬂ-tlﬁ”
3. 16 x 107 -3 : _,ng;>’,ggti;a;7g;f»'"“

;;CCa2+

;and by the graphlcal method glves ;1%’5;[1}3, {fﬂ?zc:?fhi*
: 3 Al ‘ : »' bj_ ‘ ‘:'. . Lo

' '3‘c

Ca2+ 3 43 X 10

:",'._

;gclum and sodlum complexes of tetramethylmurex1de oPtalned
L ﬁ"’.

',from Ref 32 have not been vqglfled by other workers The;flf?fl_75

"V_Trather hlgh results obtalned by the calculatlon method for

' "tfthe known mlxtures may be due to 1naccuracy in: these for--iln -

f;matlon constants.




