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."NMR, further substantiating the existence of amide-

-

D - ABSTRACT .
y . ' . » L
. S ’ .

The complexatiaon of zinc(l1) with glycyl-L-histidine,
L-alanyl-L-histidine and glycyl-L—histidyl-l-1ysjne,
peptides modelling the N-terminal end of the beta chain of -
hemqg1nbinﬁ\has heen studied by potentiometfic tﬁtratioﬁ and

. . A N
proton/maqnptic resonance spectroscobys Potentiometric
titratﬁon of solutions containing pephide and®Zn(11) in 1:1
Jand ?2:1 ratios shoded that in additionglo.the protons .
wormally t\tratpd from the 1igand,, roughl,y one extra protor
was t1grated per z1nc(II) ion present. _Assumvnq that the

amide n1troqpn was being deprotonated on complexation to

C%inc(l1), a chemical model for the system was postulated and

formation constants were determined from the potentiometric

.titration data.- 1H ﬁM? experiments supported the validity
of 1nc1ud1nq am110-dpnrotonated spec1es in the model in the
appearance of rnsonances for kinetically stable comploxps-in
the 6-9 ppm reqion of the NMR spectrum in addi;ion togho
resonances expected for the kinetically Yabile,complexes.
Tractibna1'speqips dfsterut%ons calcul ated froﬁlfho
formation constants determined in the potentiohefric

~

titration experiments agree well with those obtained by LH’
dobrotonatéd Zn(II)-beptide species’and the chemical mode)

fg;onoseq as a whole. If the peptides used sufficiently .

hodglled those of the N-terminal end of the beta cha{nvéf-

“

-

-

L 4



. . B ' R . >

hemoglohin, then the'sitq of-7n(11) binding iA~hemoglobin
may be th@t“site, the stability of. the complex-due to the
amvde deprotonation. v '

\

.

n autotltrator based on vhe IBM PC was devéloped ﬁo
collect the data for the In(11)-peptide exper1ments.' Its
. performance .regarcing severa'l asbectslof end point and
eqnilib?ium titrations was evaluated. . NDiffusion ofytitrant
from'thetitrantde1iver§tuhe tipwas found to Uc‘ '
"neq11g1hlo and the minimum vo lume: of t1trant relwab]y
:ggllyerah1e was determined to be 0.2 m1cro]1ters. Ihe'
o , .

precision of the determining the endpoints Of titrations

2

involving only stmang acid or base was found to be“ébou{”onq
part per thousandjpﬁ;;:;ixhllso discovered tﬁat'cnz‘tbso}bed'

vin strongly basic solutions could be detgnmined with the

4 &utot1trator for levels of carbonate in the part. per

¢

thousa%d range, The titrator's effectnveness in co]lecting
s Vi ' . .
rel1ah]e'equ111brium titration -data was evaluated by

determining the forhation cowstant&rof c0mp1exes'forMed +n
solutions conta1n1ng n\cVel(ll) and glyc1ne and compar1son
of tnp rcsu1t1ng constants with those 1n the 11terature.

r
"These experiments also help to establﬁsh the N1(11)-glyc1ne

system as one wh1ch may be used to evaluate other titration

systems such as the one used here. : ‘

vi .

5



NS pd
Sy
i ! ’ 4
. da
. . . . Lo ~ T -
B - * ACKMOWLEDGFMFHTS
-, N B

v
-

I.would like to express my sincere thanks to Nr. N.L.

> . N
Rahenstein fqr his quidance, encouranqement and patience
during the course of my research,

"1'also wish to thank Dr. A.P. Arnold for his direction

-and his enthusiasm in the proiject.
To my family 4and to Pierre, I am indehted for their
support and patiemce..” I also wish to thank the members of

] > .
the researcir~qroup for their friendshin and thouqght="

provokfﬁg discussions. ?{ L . )
I would Tike toacknowledge Pr. ALA. Isah.and Dr. M.M.

Shoukry fbr their contributions of sdwo of the IH NMR data

Mahv thanks, too, to Ms. R, Hickey for her assistance
"Fegarj/ng the word-procéssing’aud,preparation of the final

draft/of the thesis. _ ,




v .
CHAPTEPR

11

A.
B.
¢

n.

c'-/‘.-‘

t / .
{ , * //
{ “/‘ .
5 !
JABLE OF CONTEWTS® .
. 2\‘
. PAGE

Chemicals ...vvvuanns S . \;, ......... e 15
Titration Eﬁuipmént’Confjéuration e .. 13
Autotitri}or Software ...o0.0. :,...:.”...;Q... 14
pH Meter Calibration ;'::2"”'°7 ...... V.Q...Q. f9

Preparation and Standardization of Solvent and

Titrant Solutions ......... e e .22

. Preparation and Standardization of Ni(II) and

In(IT1) SOTULIONS weveveeeennooonnss Ceeeneean o 26
Prepaf&tién>and Standardization of Ligand ~°
SOTWLiONS couiivevnanns Ceheeeeranenes .{.ﬂ...}.. 27

"Solutions for the 1H NMR Experiment .......... 31

Ty mmp Méasurements ..........v.....l..,...;.."32v

i3

Ligand Acid Dissociation Constant

’

neterminatio'ns ......'..v.......‘....'......,.‘.'.‘.‘. 33

viii ' ot

A



CHAPTEP \ - .; 3 PAGE

K. Potentiometric Determination of Metal-Ligand

Formation Consta C et seaseeeenans P

l. The Compatabilfty of .Potentiometric and NMR

.
]

ReSUTES «ooiuuesvnneennnns P .. 41
I11. Evaluatian of ‘the IBM PC Autotitrator ........... : ;?
A. \Intxdguttion ......... 1...}.L.......;.‘ ........ 42
R. Resul¢s ........ st esesecsanesans O - I
1. Dynamie Titra}igns Ceteeenaeae Ceeeeeaeas .. 43
a. DNiffusion from the Titrant Delivery
- Tip R wesedecsoos et seessen . 44
b. Minimum Titraht Volume ...veeveeeenens 44

c. Accuracy and Precision of Endpoint
Titrations .......... SIS I 1

d. Low Leye] Components in Multi-
component Solutions ....eeevrecncnnren 48

2. -Equilibrium Titrations .....icecveuivneees. 54

a. The Acid NDissociation Constants of
Glycime ...iveerrinnninenceanns eeeae 5%

b. The Formation Consténts of .,
Nitkel (II)-Glycine Complexes ceevesews 57

C. .Discussion .ovenens cieatiesaranann R 64

N, Further Considerations of the Nickel-Glycine ,
System ..ot Ceeseen e e e e ereseanaseaa 69

4

Iv. The Formai&on Constants of Zinc(11) Complexes of
&. ‘ . ’

Se]PCted Sma]]xPPptﬂjeS oo-.o--roo-o-v-o&ootnooc-o- 72

Ao IntroduCtion ...eeveeeieenessssosenssasnaonsas 72

Be RESUTES «ouveumenonenosnanaossons R &

ix



4 . . ' - - “ ) )
CHAPTER - . V "PAGE
) 1. G]yEyl-L-Hiétidine~Comp]eies_.ﬁ.f.{...:...'73

ff The Acid Dissociation Constants of
Glycyl Lfﬂ1st1d1ne et eerveeeeeeaneas 13

b. Thp Glycyl L HistIdvne Complexes of

AiNC i eveirnenennasncnn Ceeseenenaan 17
. G YHONMR Experiments ........tie.... 77
ii.” Potentiometric Titration :
: CExperiments ..heerierseercecanens .. 88 |
4 ‘ ‘
R c. Comparison of NMR and Potont1ometr1c
' o Results .......... ....,.,......ti.,.... Q7
¢ L- Alany1 L- H1st1d$ﬁ$]£phprexes .,.....I... 101
a. The Acid n1ssoc1atwon Constants of _
L- Abanvl—L sttldune .............. ey, 101,
- : .
b. The rormat1on Constants of thest- AlanyI-
L-Histidine "Complexes of Zinc ........ 103
i. lu nmp Experiments ...,..’j. ...... 103

i, Potentiometrf¢»Tibrqtion
Experiments ........ cesvverssnssss 108

3. Glycyl-L-Histidyl-L-Lysine Complexes ..... 114

a. The Acid Dissociation Constants of
Glycyl-L-Histidyl-L-Lysine ....... cees 114

b. The Formation ConsténtsAof the Glycyl-
L-Histidyl-L-Lysine Complexes of Zinc 120

~i. YH NMR Experiments .....i..... 120

iji.- Potentiometric Titration .
Experiments ....cceevecoceocoonnns 124

c. Comparison of Potentiometric and NMR
Resu]ts .-oo-clo.‘-aoil..o!..o.ll.oo.oll 132

C-' DiSCUSSiOﬂ .o.a.oooom"’o.oooco.; ooooo s s om0 s 0 135
REFERENCFS'/ooo..-ooor-o'o..o-.o-oo9:-oon‘-oouoo-.-'onoo. 144"'
ARPENDIX .....c0n.. A -3 &

..-gv




N 3 . T 4 -
LIST OF TABLES

‘ 'Déséription . u  ’ Pade
Solvent Free Acid Standardization Using. |
KINET and py'Derivgtive.CaICUIatioh'....;,.}., 49
'bk; and‘Giycine'CohCenfratioﬁ and"pKa '

Determinations Using MINIQUADBI ............. 58

Formation Co'Jtants Retermined for - ) ' .

U X

|

a4 Redpterminat?An of the. N12*-glyc1ne

‘Nickel-glycine Complexes ....

i : Formation roﬁstants 3..,......L...;;?...Q.,qp'~71
, 5 7 E° and pK Values as Determined by KINET

Treatment of Solvent Titration Data ceeneeil. 158
.

6 Glycyl-L-Higtidine Proton Dissociation .
gonstants -------- unoolnnool‘ooo-ocvnooo..oooccov'7’8'
7 Proton Balance Calculations for the

In(11)-Glycyl-L-Histidine Systemft....;u;.{.. 91
8. ‘Formation Constants of Zn(lI)-GI‘cyl-Li '
Histidine Complexes ............:.........,.E' 93"’
9 Comparfson of Actual and Predicted
Percentages of Glycyl-L-Histidyl Ligand .
in the Free Form as a Function of pH ........ 99 ¢
10 Comparison of Actual and’Predicted ) )
. Percentage; o£IG1§cy1 t-Histidyl (igand N
' in ¢t Free Form as a Function of pH ........‘}0"0'
‘\\__;/ J1 ’MINIQUAﬁ8l L-Alanyl- L Histidine Proton

D1ssoc1ation Constants andzConcentration

xi : w



18«

Table -

'.l?'«

13
12

15

16 .

17

oty
,"'"m'

19

N
Zn(ll) L- Alanyl L-Hist1d1ne Complexes coaes

‘-Contain1nq G1yhvslys and Zinc(Il) cetrasenes

. DG/cr1pt10n

»

Deter"‘]r%tmns ‘oc-cooo.o-o-‘o’--‘o-'o-.o~--‘“...uo

, Determinat1on of L- A]anyl L- H1st1d1ne

Proton Dissociation Cpnstants and
Concentratinn with'ACBA e ecsseeneanns ceeens
Proton Balance Calculations for'tne

In{(11)-L-Alanyl-L- H1st1d1ne Chemical System

Page
102

109

Determ1nat1on of. the Formation Constants of ..

4
Determinatlon of Proton Dwssociatvon

_Constants and Concentrqtion of Glycy1{L-

‘ Htst1dyl L- lys1ne ..... ,...}....a:;..;.;. .....

'Proton Balance Calculat1ons for the

Zn(ll) Glycyl L H1st1dy1 L- kys1ne Titrations

Zn(11) Glycy]-L Histidyl-L- Ly51ne Format1on

Constants Determ1ned by Pobgnt1ometr1c

Titratlon Ceeeeenae .....;.....l ..... Ceeeenees
Compar1$on o} Actual dnh Predicted

Percentages of Free G]yhislys in So1utions

Comparison~of Actual and Predicted

“?ercentages of Free Glyh1slys tn Solut1ons

Containing Glyhislys and Zinc(ll) Cesreseenns

xi§ e » .

L1t

126

133

134



~~f squares of the residual

F FIGUPES

Des ‘rip*h)n " - Page
Flow Niagram ‘or the Control Proqram
X * .

TITPATE voeieee e eeee e 1

Nenendence of the value of MIMIOUADRY's sum

parameter on the

value used for the mmoles §f ligand ......... 20

Perivative curve in the equiv 1énce point

Y

reqion of the titration of N.DAS M 4NN, with

0.2 ¥ KOH in M3 M KEND2 o\ eeivegeenenene. 610
; :

Simulate® titration ard derivative curves for

'the titration nf.stronn ac‘ with strong base

cortairina 1 pnt. carbonate ..iiieiiiiiiil. B2
Typical exnerimental (@) ti;ratibp curves and

- L . S
correspondina theoretical (=) tdtration

curves célculated using the pK,'s shown in

. Tahle ? for solutions comtainina N.N12 and

.

. n.022 M alvcine. Fvery second data point

3

18 PIOLEEA v ule e s vernnnaseneeneesnseeeeeanans B9
Typical experimental (@) titration curves and
corresponding theoretical (=) titration

curves for Solutions containing glycine and

p nickel(II) in-ratios of (left to right) 1:1,

2:1and 851 iiiiiiieneeiiieceientennnesennes. 63

Typical experimental (@) titration curves:

.and corrPSpo}Hing theoretical (—) titration'

' , xiA]'fi



®
Fiqure
hod
a,
9,

1N,

11.

1-2.

Chemi;ig shift of the imidazole C2H and Cg4H ' -
. v X ! ¢ e !

Description " Page

1

curves calculated using the pK,'s shown

~.

. in Table 6 for solutions containing+0.010 to

N.01R molal glycyl-L-histidine. Every second
data'point is p16t{ed N RIS E TP R .79
Iy nme spectraof a solutionof 0.005molal
glyéyl-L-histidine at several pH valués ..... 81
Chemical shift of the imidazole CoH and C#H
resonances o€ g]ycylgt-histidine as a
fyﬁction of pH for a solution 6f0:005mola1
glycyl-L-histidine ...vivieiennnnnennssnneces 82
y NMR spectra-of a solution 0f~0.005 molél
zinc(k1) and 0.005 mofa] glycyl—L-histidiné

. :

‘at severa] pH. values. Pesonances labelled

‘f' are due to 'free' gly;yl-[-histidine,

defiHEd 1n the tex\t -¢.c-oouq‘-’o-.ooo.oo‘.uc--. 84

resonances of glycyl-L-histidine (glyhis) as

a function of pH in a solution of 0.065 molal.
glyhis and 0.005 molal zinc(l1) compared with

those of a solution of glyhis alone; glyhis -
S16ne‘(A); complexe{ 9lyhis (By), and 'free’

glyhis (By) defined 1n‘fhe yeit ceveernnnennns '86.
Fraction (%) of the g1ycy1$}-h1stidine 1

. o #.
imidazole C,H resonances in the ‘'free' (@)

~and complexed (@) form as a function of pH

xiv




Fionyre

S 13

va,

constants

0

- ‘ ~ Nescription ‘ Page

for solutiors of n.nes mo‘al-q1yth-t-

Wistidine and Nn.0"% molal zinc(l1) (top) an+

M.010 molal glycyl-L-histidine and 0.0N5
molal zinclFI) (BOttom) ceveernernrenennionas P77
TyPical'Pxperimenia1 (em) titration curves

. . '

and corrrspoar”ing theoretical (=) titration

. t
curves calculeted fram the formation

Y

(shown in Table © for solutions

containira’alveyt-L-histidine ard zinc(l1) ir

;atins of (1eft to right) 2:1 and 1:1. fvery

s-cond data peint is plotted ....ieeiiiin... 4

+

Theoretical 7nfll)-qlycyl-l-histidine species
b * .

Hstrihufions'calyuyateq by COMIX Qsinq
‘formation ccnstarts showr in Table % for a |
solution. containinn ﬁ.““ﬂ molal each of
01ycv1-f5hisfiaino énd 2incl(11Y, reported as'
p rcent total alycyl-l-histidine. The curve
lahels desiqnafo thc species by the A
subscripts of treir HYHIOUAD51 formation
constants, defined in the text ...oceeeiiiins ©F5,
Typ}fal experimental (Ae®) titration curves
and corrasponding theoretical ﬂ-ﬂ titration
curves calculated using the pK,'s shown

in Tahle 1?2 for solutions containing 0.010
to 0,024 molal L-alqny]-L-histidino.' Fvery

xv *




wh

Fiaqure

16,

17.

1o

19.

'
Nescription ‘ Page

second data peint ic plotted ...o.eveeivnnees 176

"W NMP spectra of a solution of N.ONE mola) ,

zinc(11) and C.0N5 molal I-a]anxl-L-histidino

at several bH va1JLs. Resorances lab®lled’

'f' are duo.to,nfreé' L;élanyl-l-histidine.
e TN the LEXt seenreririerei e 107
Typfcal éxporimpntalﬂ(d) titration curves

and cerresponding theorntical @—) titraiibn
curvoes cadcllated from tgg formation

constants shown in Tahle 14 gnr sofutiéns
con;qininq L-alanyl-L-histidine and zihf(l!)ﬂ

inratios of (left to right) 2:1., ?:1 and

LA I derw/sorqnﬂ data point is nlotted .... 117

Theoretical Zn(ll?-L-alanyl-J-histidina
Spaciés distrihufions cdlcu\axgd by CQHIX
using ?ormat?dn’cnnstants shéwn fh‘fable 17 ?
for } sb‘utign coﬁtaininq n.nnN% motal each of
L-aTany1:1-histiiinn_and zinc(11), reported
as-rnfcnnt total I-planylaL-hysti4inn. Tho.
_curvc.labéls desiqgnate the}spéciéshby the

Subscripts of their MENIQUAD®T formation

constants, defined in the text ..ceiiveveneses 113

)

Typical experimontal (@) titration curves and -

»

corresponding theoretical (=) titration .

curves calculated using the pk,'s shown

~

xvi o < r/(




Fiqur
A qure

20,

?1.

27,

23,

Nescription : Page’
in Tahle 16 €or solutions containing C.00F
to 0.N14 molaxlql.\'/cyl-L-hv“-stiny]-L-lysine.

R :
Fvary secnnd data point is plotted .......... 117

']P NMP snectra of a solution of N.0NK mo1al’_ -

Iiint(ll') and 0005 molal alycyl-t-ristidyl-L-

lvsire at several pH values. Rescnances
lahelled 'f' and 'c' are dur go 'free' anc

'co%p\?ﬁxpd' glycyl-L-hist i-df_y_-i.‘-_L_—lys.i‘n(-,

in the text*.ii........ 122

resgectively, defined
Chemical shift of the imidazolo o4 and e
7n§(>nanca§ of/o}y‘éy'l-Ll-histir‘.yl-L-lysino
(alyhislys)as a functiongf pH'i‘n a so1ut1"or\\
oF'H.ﬂﬂS no1a1 c;fvhisly‘s and P.(hﬁ molal
zing(11) cobmpared with those of 3 solution of

alvhislys alonn;: q1yhj'slys,alonn (m),
comdlnxod glyhislys (@A), and ‘free'

q\v;nbis‘lfv‘s (& defined in the LOXE vereenenne. 127
Fracition (%) ‘th(; alveyl-L«histidvl-L-

lvysine (glyhislys) imidaznle C7'H resonances

in the 'free' (@) and complexed My form as a

“function of pH for selutioprs of N.0N5 molal.

glyhislys and 0.0N5 molal zinc{lIl) (top) ancd

n.MT molal qlyhislys and N.ANK molal

"

zini(l” (hottom) I

"T'ypical Pxpnrimaﬁtal (Aom) titration curves

Coxvii

.



- ' .
ridure-‘ A Descriotion, ,: ’ . Pagqe
o and correspofdina tpoorefjéal (<) titration
curves calcufated from the ‘orm&iion‘

' constants shown in Tablg. 17 for solutions
' o containing glycv]AL-hisQiHyl;L—lfsino and
zihc({lY in ratids n® (left to tiq&f) 7ﬂ)
?:1 an’ 1:1. Every second.data poikt is
plotted ..... T SRR 1)
, 74, Thecretical 7n{!1)- nlvcy]-L h1st1dy1-|¢1jswne
| species, distributions calculated by rn*%x ‘
using formation constants shown 1n Tah]n'l7
‘or a solution contaiking N, ”0R m01a1‘>;%h of
nchy]-L¢h1st1dy1: f]ysjno~and z1n;(ll), éT-J
roﬂorgpﬂ as percent total q]yéQT;Lfﬁistidyl-
< 1-lysine. The curve lahels dpsiqnaté ‘ho

R species by the subscripts nf their MINIQUANS]

formation constants, dcfihed in the text .... 1271

AT Proposed 7n(11V-glycyl-L-histidine
35S0CTAtion SCHhEemMe wevvenervienenennsenatones 12°
7. Proposed 7Zn(11)-L-alanyl-L«histidine

235S0CTAtion SCheme .elveeeriiinveeensensnennss 130

27. Proposed 7n(11)-alvcyl-L-histidyl-L-1ysine
3SS0CTALTION SCRPME weveinevrennsnnensncnaenss 140
. .
-
. N
xviii




v

fChaptor-T . - ’ ‘

* " Introduction

It is wnli'estahliShPH tﬁgt zi#c(ll) gnhaﬁcgs’the
hvnd1ng of oxvgen. by hemoglob1n (]) ]ndeed _the hso'of
z1nc II) has boen proposed as a treatment for s1ckle cell
anemia on the has1s that 1t1s effpct1ve 1nsuppress1ng the'
stck11nq event by ma1ntaln1ng hemoqloh1n in a part1ally
oxxgpnated ;tate (1-7). BRecause of this potential med1ca}
importance, the nature of the -interaction of zinc(I1) with

hemoglob{n has been suﬁject of several investﬁgations.

0r1schlegel (R) postulated two possible sites on

hemoglohiﬁ towhich jnc might bind and cause'a change in
hemoqlob1n Oxyqen qff1n1ty One involved the histidine and

+e

va11nv res:duosat positions 12?2 and 1 (His 12?2 and Val 1)

-

L4

0f the a}pha chain qnd)ixsldﬁ of thg beta chain of
hemoglobin, but thts site'was later disproven. The other
was the site of 2,3-dinhosphoqlycerate (DPG) binding,
involving residues His.143, Val l, and lysine’{Lys) 82 of
the beta chain of hemquobiﬁ (8). tarly compgtition'
experiments involving zinc(11) and DPG (1) suggested theré

was littleor nocompetition for the site bhut were

inconclusive. Proton NMR studies on intact erythrocytes k9)-

~identify a histidine residue as being a possible binding
site. Several recent stud1es (10-14) have estab1ished the
hind1nq site as he1ng e1ther the amino- or carboxy] terminal

’

.M



regions of the heta chain of hemoglobin and favor the
molecule‘s.N-terminal end; possibly involving the His 2 -

-

residue. a5

‘The main ObJeCthP of this thesvs is to characterize .
‘the b1nd1ng of zinc(ll) by selected peptides having
histidine Y the second position from the N-terminal end as

models for the broposed binding of 7n(II) by His 2 of

hemoglobin, ThP peptidns stud1ed are glycyl-L-histidine

(1), L- alanyl-L hist1d1ne (II), and glycyloL hlstggyl-L-

-

lysine (III)
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* - The chemical nature of the hinding of transition metals-
‘to hWistidine-containing beptides has been studied since

hefore 1960. The resul'ts of these studies show that many

transition metals, including Cul*, Ni2*, pda2*, co2*, co3*




b

| and, to some extent, an*, bind<to the histidine amide

)

nitrogenﬁs well as toahjhoandcarboxytermihaofthe

\

peptide, and that the p}oton 6ﬁ_thg amide nitrogén may be'

liberated in this process. This amide binding seems to

afford the complex an added stability, as would be expected. .

v

. - -

A. Glycyl-L-Histidine Complexes ‘ . .

B4

Being a small, easily definable molecule, glycyl-L-
histidine has been used ih‘many experiments to model larger:
histidine-containing ppptﬁdes. Thus, there have been many

étudies reported on the phemical behavior of this ligand,,

.

:alone and in complexes, though few have involved zinc.

i

Ir one early study (15) in which zinc([1)-glyhis

complexation was evaluated potentiomeprftally, it was found

-

that an additional equivalent of titrqht was required in
titrating an égyimolaﬁ solution of the metal and ligand over

. < :
that expected.y, It was ‘proposed that the amide proton was

-

heing displaced on complex “ormation as had bcen then and

was later ohﬁerved with glyhis and other metals (15-31).

Ionization constant§ of 6.50 and 7.10 (pK,y and pKa?)'were
ohtained for the complex bhut nb association constants were
determined. Also, a sYructure for the cbmp]ex was

postulatpﬁ to quolve coordination of the glycine'aminq

nitrogen, the :Qeﬂide nitrogen and the imidazole pyrrole
| .

\
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nitrogen in a tetrahedral 'arrangement. The carboxy! oxygen

~

»

was assumed to be uninvolved.

Later, more pntentiomet}it titration'experiments were
done.(3?) and” formation constants deterhingd for both the
zinc(Ill)-qlyhis and corresponding zikc(ll)fhisdly comqlexes.
Amide deprotonated species were found to be important in the

mod¢] for the zinc(ll)—glyhis complex but unimportant in the

zinc(11)-hisgly complex. Anothé( study (33) supported this.

In addition to the aforementioned metal-ligand coordination

™ ,
rl . ..
sites, it was proposed that there might be coordination

hetween the terminal carboxyl oxyaen and. the metal. It was

proposed by these authors that tbereébu]d only be one of
! . - Y .

either the terminal amino nitrogen or the imidazole pyrrole.

- R

nitroagen coordinated to the metal if there was amide

deprotonation, and that binuclzar complexes must be

-

ineluded. ¢ .

N

-

o Most recently, the above complexes were studied by

]

potentiometry, spectrophotodktrj and 13C NMR spettroscopy

(34). Aga‘n. amide deprotonation ﬁas found to occur only in
In{11)-q9lyhis complexes and not in In(11)-hisgly complexes.

The 13C NMP experiment was done to elucidate the possibility.

.

of formation of binuclear complexes but was unsuccessful and

[}

provided informatjon only on the very initial stages of
complex formation. From the NMR data, it was deduced that

an:equilibrium exists hetween the coordination of zine(ll)

»

by the am{no and carbonyl groups and by the imidazole N,

nifrogen of the species MLH”* and ML*. A structure

oo



involving the additional coordination of the deprotonated

peptide nitrogen was not described although formation
constants were détgrmined‘and reported; Binuclear,
complexes, however, were eliminated ffom their equilibrium
model when they found that fheir inc}usion led to a

deteriorq%ion of the computer fit of their experim?ptal data

using the program SCOGS,

R. L-Alanyl-l-Histidinhe Complexes

The acid-hbase chemi;try and copper and cobalt complexes
of’L-alanyl-Llhistidine have been studied in connecfion with
its relationship to carnosine (R-alany\-L-%iétidine).' The
prg's ‘of alahis and the formation con;tants of Cu2+-a1ahjs

complexes were determined by Poroshin, et al (35). The

.
-

ac1d hase chemtstry 0f the histidine residue of alahis and
other 1vgands was studied (36) by ohta1n1ng 1H NMR titration
curve data (chemical shift vs pH) for the C, and C4 protons
and determining the pK,'s from the chemicél'shfft data. The
Cu”* complexes of alahis have heen studied by ESR (37) and
it was found ihat the 5'x?-y2 > gfound'state of the metal
prevails. The conformation of the'imidaiole‘grOup of the
"histidine residue of alahi’s was studied;(§8) and found to be
_independent of the nature of the side chains of the residues

Jocated on either side of the histidine.
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C. Glycy]-L-ﬂigtidyi-t-iysine Complexes

| Since apout 1973, the £1o1oqital activity of glycyl-L-
Histfdy]-L-]}sine; also referred to 55 élyﬁisﬂys or GHL in
f:??‘thesiﬁ,'hés Eeen under much investﬁgation dui to its’
repprted'cetl growth\eqhancing“activity. In relation to
t;js activity, ﬁany metal complexation studiess have been
done wifh glyhislys and while they concentrate ‘'on the copper
and %ﬁon complexes, it may'bn appropriate to describe -a
Tittle of its biological history. —_— .

Rlyhislys is present i; human blood plasma St a’

concentration of ahout iﬂ'F mol/dm3(39). It was found to
enhance the qrowth of liver cells, b&th in culture and from

the 1ivers of normal rats (4r)and it was suggested that the

mechanism of its action was through the éffinity of its-

.poTar side chains for DNA (41). It has been suggested to

“formp a ternary complex with copper(II) and albumin as does

>

L-histidine (42 .43), Copper and iron were seen to énhpncexgu
. . §

the effercts of GHL and it was postulated that GHL may be a

" copper trénsport fact‘br' (44). It was also shown to en.‘ncg

the vfahiﬂity-of CulpJde cells other than hepatocytes : .
fungi, lymphocytes, fibroblasts, T-strain mycoplasma, and
Ascaris larvae (45-4%),

It was sugqgested that the actiyity of GHL may reside in

the affinity of its polar side chains for DNA (41). Studies

have heen-done to determine the macro- and microscopic acid

dissociation constants of this and rélated small peptides

.
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(49) and the results suggested that the mono- and

diprotonated forms. the two most abundant species at ;
P siological pH, were the‘mpst likely to’beﬂ)nvolved in
poSS le‘DNA~bindi’ng‘f . o "

.

Tt was found that the tripeptide was present in near’

equisolar concentrations with copper 140,44) and about oqef

.flfth molar with iron (46) suggesting it'tospe a copper-
and(or iron-uptqke\facillteting molecule.: As a conseqoence,
virtually a1l studies on GHL-metal complexation have .
centered on its interaction with copper. The results of ..
some 0f these are described heré since they parallel to some
extent the ;??nlts obtained from the experiments for this,
thesis for the hinding of z1nc. l
Early xray crystallography of the complex 1solated at
physiological 'pH (44) showed that the N-term1nal group of
glycine, the adjacent nitrogen tn:the first.omide»blnkage of -
the pept{de chaine(presumed to be oeprotonated although the‘

authors do not state this), and the 'deprotonated nitrdgen of

the imidazole ring of thé histidine résidue formed the bonds

‘to copper in a monomeric species. The lysine residie was .

un1nvolved in the formatvon of this complex and it was \
postulated that the lysine mlght act as a receptor
recognizer. ‘

Equilibrium studies were unoertaken to establish.the
affinity of GHL for copper in the presence and ¥bsence of
albumin (43) and a complex 1nvolv1ng a carboxy g‘%up, an

imidazole, and two other‘nitrogen atoms coordtnabing “in a

o



.
.square piapar fashionxt% copper was poStutated. From this
study, it was also suggested that the side chain amino’
nitrogen of the lys‘e residue might be involved due to the
higher sgan expected value obtained. for the formation
constant for the ML°® ‘species. It was suggested by the
'authors that the'species they;describe may be different from
thet.previOusly described hy ¥ray crystallography (44). |
forty five pertegt of the'complexes they detected at ;F';.s
were ternary Cu?*- GHL - a]bumvn complexes
EPR and electron sp1n echo }ESO) studies wene done to
determine the structure of the GHL~Cu(I1) complex in
ysolution (50). The EPR spectrum showed the Cu?*
requatoriai]y coordinated by three nitrogen atoms and ESO
showed one of these to be'in the histidine.imidazole ring.
Pot@nt1ometric titrations and spectroscop1c experiments
1 ' - showed that at pH values elevated from physio\%gica1 gﬁ; the
| phys1olog1cal Cuz*-GHL structure was 2dltered and that the
. solid state pol;neric structﬁ&e determined by Xray _ =
crysta11ography (44) did- not exist in solution but was
Umonomeric Again, it was suggested that the glycine and
histid1ne residues act As metal (Cuz*)/chelatgrs with the
: . B lysine residue acting as a cell surface receptor recognizer.
]3C and 1H NMR and EPR were used to study the Cuz*-GHL
,,//~ftoﬁplex (51) EPR spectra for the copper 1on showed seven
a 1ines due to nitrogen hyperfine spl1tt1ng, 1nd1cat1ng
coordination of 3@njtrogen atoms toAthe qopper. The larger
: ) . .

wt




than expected formation constant (10q K¢=16.44 vs values of

R.6P and 8.#? for similar species) suggested that another

@

group was involved in the coordination (2?2), It was
postulated that a carboxy oxygen atom was the additional

groupr. The [PR spectruﬁ showed .axial symmetry indicating

7+ ?

mononuc lear Cu comp1exes'in an px -y2>'ground state. The

s

NMP data pertained only to minor species in solution and

could not.he used to elucidate maior ones.

N. The Present StJBy

)

From thé,ahove discussion, it is clear that there is
st111;uncertaint§ about how transition metals, including
In(11), bind fo hiétidiée-containing pnptfdeé. This
uncertainty is due fn part to the fact th;t there are
several'potaﬁtiaL‘binding sites (N-termina) amino group,
péptidé oxygen, déprotonated peptide nitrogen, pyrrole
nitrogen, and carboxylate oxygéﬁ) and the methods used
'f(gennral]y_potentiometr}) do not provide infofmation at the
molecular fevel. The sjtuation is futhPr complicated by
pfotqnation of these sites, and’thuivthe nature of the
hinding is strong’ytqH dependent. |

In this thési;. the hinding of Zn(I1) hy the peptides
glycyl-L-histidine, L-alanyl:l-histidinc and ¢lycyl-L-
histidyl-t-lysine has heen studied By a combined

potentiometric tjtration-]H NMR approach. The ohjectibe of




this sfudy is to elucidate the nature pf fhe cqmp]exaf{on o‘F
histidine containing peptides to the transition metal zinc.
The 1h NMR results showed that for all three Tigan‘ds; a *
complex whose composition was pH independént formed over the
pHrarge 4 to 9.5 and the complex invkoeB Bindingto the
imidazole ring. Proton counts from equilibrium
potentiometric’tit?ations showed that for every cbhplex
formed, one proton in adqifioﬁ.to the nqugr titratable from
the free Yigand was heing titrated, possibfy that residing
‘on the peptide nitroqen coordinaging to the metal. Computer
 ana1ys5s of this potentipmetric titration data yielded
1ik°1y?snocies~f0rﬂa chemical model &} the.complexes present
in the system as‘wgll as. formation constdnts for those
snecies. The formﬂtion consfants ohtained were then used tb
pr;dict the relative intensities of various resonances in
the yH HMMR spectq& énd>the experimontal.and calculated
results were compared. The results of all tﬁe experiments
described above are presented in Chapter IV of this thesis.
The potentiometric titration experiments were done’with
an automated titration system consisting of an IBM personal
computer interﬁpcod to commercial ly-available components
for potentiometric titrations. A majof part of this thesis
is concerned with devéloping procedures wjth whjch high
quq]ity potgntiomﬂtric titration data'can be obtained using
this system, and then evaluating the system for equivalence

point and equilibrium titrations. The equivalence points of

10




strong acid-strong base titrations were obtained and the
M
precision and accuracy assessecd., Equilibrium data for th
Ni(IT1)-glycine system was collected and acid dissociation
constants .of the 1igand and formation constants of metal-
ligand complexes were'determined and compared with those

reporteéd in the literature. These experiments are descri

in Chapter 111T0f this thesis.

a -~
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Chapter 11

o sa—————————

" Experimental Details

A. Chemicals S .

Glycine hidrochloride (Eastman), glycyl-L-histidine
(Siqma), L-alanyl-L-hisijdﬁn{:fﬂzo (Sigma), g]yéyléL-
histidylsL-lysine acetate (Sigma), Zn(Pﬂ3)?'6H20 (Paker),
NiC1,°6H,0 (Aldricn), and Ca(N03)?'ﬁH20 (Anachemia) were
used after stapdardization, Potassium hydrgqvn phthq?ate
(KHP) (Ffisher) was used after drying for about 4 hour? at
110 °Celsius. NazH?EDTA (Rak&r 29,5%), used in metal ion
standardizatibn.tiiragiOns. was first punified'by i
rpcrystaliizatio& from ethanol as is descfibed_latgr. KNO 5

was twice recrystallized from hot water hefore use. Titrant

KOH solutions wére prepared from a DILUT-ITTM™ kit (Raker) .

while NaOH was prepared from a saturated NaOH solution.
Both were used after standardization.by iitnation of KHP.
‘ A11 other chemicals (MaCl, t-hutanol (Béker) etc.) were
40‘ theﬁhighest drade commercially available and wére used
without further purification or standardization. -Doubly
distilled, deinnized watar‘(n > 5x10% ohm cm.) was used
throuahout all stage§ of solution preparation and in riﬁs{ng

!

"of qlassware,

12
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B. Titration Equipment Configuration .

"™ The titration system was not o a commercial design but

" consisted of several individually avdilable components. The

center of the system was an 1BM PC equipped with a

QuadbogrdTM (320 K byte multifunction board)(52); a Tecmar
‘ ?

PC-Mate Lab TenderTM data‘acquisition board (53), -an Intel

dr1ves, and an Epson MX 80 printer. An Orion 701A pH meter
and a F1sher 520 pH meter wgr; mad1f1ed to produce BCD
oufput to the cdmputer.l_Optical_isolation of the computer
dndrﬁﬂ @égers was pecessary tb'prevent 1?ading of the meter
circuitry. An isolator was bujlt using 12 dual MCTé
optoisolator chips and a 5 volt power subpl} (t;ken from the
heterL Tiirant was ,added with a'Mettler DV11 motorized
syr1nge buret by sendtng its trigger inputs a tra1n of TTL,
pu1sesfrom one channel of theAM°513t1mer chipon the PC-

+

Mate Lab Tender™ board.

~

Two titration cells were used in the experiments, one

of about 15-100 mL. capacity and the other of about 5-20 mL.

capacity. fach was water-jacketted and so was thermostatted
at a .desfred temperature (+0.1 °C.) along its length when
connected to a water bath, The larger titration cel) was

similar in design to that of Perrin and Sayce (55). The

.smaller titration vessel consisted of two small cells joined

by @ porous frit junction. Thisfronfigurat1on allowed the

same electrodes used in the larger c€11 to be used in smal)

- -

,

iAPXB0O87 fast numeric processor chip (54),,tio floppy disk' .

13



volume expérimonts. thus enabling fhp collection of mbre
stahle pH meter readihgs‘than would have been possible Qith
a comhination electrode. The indicating electrode used was a’
Philips GATI30 low resistance alass (N-14 pH) elecirode.

The reference electrode was a Philips R43/2-5N/] inverted
alass sleeve double junction saturifed ca]omﬂf electrode,

the k‘gu1d junegtion solut;on heing'of the same.idhié medfum>'

as the test solutions (i.e. 1M NaCl or 0N.200M KNOj).

»

€. Autotitrator Software ' I

' . .

) TITRATE, written and modified in thi's laboratory in
collaboration with Nr. A. Arnold is the BASIC 1anguagp
program used to porform potentiometrwc titrations by
controlling a11 components of ?hq autetitrator. A flow
chgrt of the program'iﬁ sﬁo#n in Fiqure 1 and a Yisting is
included in the Appendix of this thesis.

‘ The nature of the proqramminq'ianﬁuége'FASIC a110w§ thé
program to be 1nteract1ve. enab11ng thp user to set- 01.
changqge t1trat10nlparam9tors in response to programmed
prompts. If an ohv1ou51y incorrect response is entered, the
computpr henps and a1lows the user another try at a corrnrt
one, in this way attempting to he as user -friendly as

possible, A]so, the format for tttrat1on mon1tor1ng has

been made as readable as p0551ble. This was greatly helped

by using different memory 'pages' to store pprameter, meter
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test and actual titration data separately so th;t each was
available for immediate recall by pressing oné of the
programmable keys of the IRM keyboard,

The first prompt given is to enter the type of pH meter
used. The program works with either the Orion 701A or
Fisher 20 pH meter, and that used is specified'iggﬁhe
hpgfnning of the program, This sets up thg'compute?'s input
ports from the meter p}operly and specifies if the computer
should exppct a data ready signal (Orion) or>not (Fisher).

A few simple onerating comm‘ands-are then written to the ‘
" 'screen. Then, the operato; is giyen the option of having the
titrati«o‘n data printed on‘paper as welb s writing it tothe
terminal screen and fﬁoppy Qisk. When a hardcopy 1is
requesied, the fo]iowinqqare immediately recorded on the
Epson printer: .

a) ‘the time the program was started

h) . the title of the experiment :

c) headings for the data table to follow | s
Then, during the titration, the following is printed for
sach data point:

a) the numher of the data ﬁoint

b) the volume of titrant added up to that point

¢) the pH meter reading (pH or ' mV) |

d) the least squares slope of the.collected'readings

) the slope of the titration curve between that point

and the pfévious point (pHn-pHn_l)/(voln-volh_i)

L




<

- f) the time the solutiontook to come to equilibrium
The titratidn parameters are then entered, or retrieved
from a brévioﬁs]y stored parameter file, as the following

prompts are given: ‘Is the titration in mV or pH' 'The

answer to this question determines the position of the
. - ,

decimal place in the data to be collectrd. 'What is the end

v

mV/pH' . The answer determines the point in the titration

when the program will enter a pause 5uhroﬁtine and waii
until the operator decides to terminate or continue t@e
titration. fhe operator is then asked if the titration is
to he done using constant volhmeladditiong (static or‘ \
équilibriuh mode) or constant pH or’@V increments (dynahic
mode). The former is chiefly used to obt;in'equi1ibrium
gata in the buffered regions of a titration and so it
provides th; nmost usAful data for determining equilibrium
constants such as acid dissociation constants and complex
f;rmation coﬁst@nts. The latter is useful for endpoint
determiaations since-a larger numbher of data.pdints is
collected in the titration equivalence pgint regions. ;;
hoth types of data are required, switching between modes is
simple using the paraméter revision gubfoutine. The bH/mV
or volume incrémént i§ entered next. The volume of titrant
to be added to provide the required potential increment is
calculated for each addition using the hyperbolic .
extrapolation algorithm of Smit and Smit (56).: Then the ‘

criterion for de}Prmining‘when the test solution is at

nqui1ihrium is requested. A subroutine of the program s

17




- calculates the least squares slope and standard deviation of

-

set, at which time the program takes the best readings

every 30 readings. If the standard deviation is greater’
than twice the standard deviation of the slope then-those'
readings are rejected and another 30 are taken. In taking

titration data, sometimes the system will seem not to come

to.equiltibrium, for example because of a noisy pH meter or

91octrodps or hecause the stage of the titration is such '

A [
that the test solution is not well buffered (i.e.

- equivalence point regions). To prevent inconveniently long
: e :

. v z A
waiting periods in these(cases. a maximum waiting time is
* .

pessible from the 1as£ set cqllected and continues with the
nextltitrant addition. . ThischISy:timp is now eﬁt;réd.

The names of the files used tostore these parameters

nd the resu1t1ng data are then entered. All par;mpter and

data f11is are automat1ca11y stored on a soparate disk to
avoid overwr1t1ng files existing on the TITRATE disk.

The format the'program will usetostore the data is,
then dé&ermineﬁ by‘the answer to the prompt 'w1]1 phis data

be procpssed with MINIQUADT™]1 or in another, way If

/‘MLNIQUADP& is chosen, and the MINIQUADB] data handIIng

‘,ﬁbaramnters have. been‘previously stored in the parameter

file, they will be read and d1sp1ayed on the screen for
t
viewgng whi'le they arewrittento the data dvsk, and the

collected trtration data will be of the proper format to

' allow MINIQUANR] précessing of the‘data:immed{ately after




titration termination. if these paraheters have not been
stored, thej are then entered in answer to prompts in the'
same manner as for the titration parameters and will be
stdrgd with the titration parameters fn the event they are
needed for another fitr;tioh. -Details of all'parameters
required for MINIQUADR] ¢an be-féund in the literaturé (57-

5Q), and a few of these are discussed in . later sections of

;his chapter. These parameters cannot be changed. during the

titration but are easily aftered_afteryard using the

Waterloo editor.

/

D. pH Meter Calibration

k]

The bH meter and electrodes were calibrated by two
methods every day. *First, a2 standard two point calibration
was done using buffer solutions of pH 4.008 and 6.865, each
freshly made,acco;ding»to NBS specif%c;fions at least every
two months: This method*was not completel&\re1iable since
thg long term stability:ofithe buffer solutions was
questionable. The secand ﬁethod involved potentiometric
‘tifrafion of solvent solution, which contained strong acid
and was prepared as described in the next section of this
chapter, with stfong.base.(NaOH or KOH) and subseguent
:dete}mination of the E® of the system by fitting the

titration curve to equations 1, 7 and 8 shown following:

o7
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. B [HIV; - [OHvgy -
[H]t()t = 1 :, o p (1)
‘tot

where [HJtot is the total écid_concentrationwcalcu1ated‘from

the concentration of acid initially preéent and the initial’
solution volume ([H]; and Vi); the volume and c0ncentrafion
of titrant added (Vqp and [O0H]), and the total solution
o‘ume (v tot)' However, to obtain an equit¥tfrium acid
concentration, wh%ch is what the electrode system measures,

the autoprotolysis of water must be included in the

. calcutations (RP)., Therefore, consider the following:

< MHdyop = [Hlgq - [OHIeq (2)
Ky = [HlagqMMH1eq ()

-

where K is the aytoproto]ys1s constant for water ang

[HJP'q and [OH] are the equ111br1um concentrat1ons of

E

acid and base,. respect1vely. It follbws that: .

L !-H-'tot * [H]éq - y‘w/(P}eq ; , (4)
fH.tot[H1 = (Mlag” - Ky (5)
[Hleq” -V[H]tot[n]eq - Ky (6)
Solving for MH], q gives:
2 4.x 10.5
, “Hy op+(H +40K )0
) (HTpqr = tot* ' Mtot , (7)

2.0

 The simple Nernst pquatfon was used to relate electrode

potential with equilibrium_acih concentration and assumed‘a
. -
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,

Nernstian e

|
|
I

lectrode response.:

B = F° + 5“-?59‘10910[H]eq . (¢)

where F is the electrode potential and £° s the standard

potential.

‘Nernstian e

to include
autotitrato

peptide exp

This‘equatidn does not include'terms to account

~ . for the effect of liquid junction pptentials or a non-*

these parameters in the cé]culgtidns\for the -

r validation experiments or for the In(I1I)-

*

eriments since they were not included in

'S .

calculations done for comparahle experimghts reported in~the, .

literature.
The pr
rigorously

program KM

4 v
. .
v

ogram used to solve'thé§e equations was the

weighted, non-linear least squares curve-fitting

T thch-has bébn-prpviousﬁ§ described in the

) .

-
- concentrati

experimenta

doing so, i

with the experimental titrant volumes to calculate

-theoretical

”

R v . . .
-literatured(f1). It solves for F°,axw and acid

on by fitting equations 1,7 and P to the v

1 ti}jation curve from a solvént'titration.~:ln

t uses refined estimates for the above parameters

, - LY
electrode potentials for each data point, and.

then compares the»tHeoreti?él values with the experimental

potentials,
éxnerimenta
condition @

performed.

The program iterations contioue until the
1 and calculated potentials agree to. an arbitrary
f N.0001 mV. or a maximum numheribfniterations is

Since the equations involve K, and the

lectrode response. It was considéred unnecessary

.
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., called ACRA‘(G?), used:fOr ‘acid-base’ t1trat10ns became

L4

} . 4
. . .
. [y i . . M »

concentrat1on ofacxd inthe testso?utvon aswe]l s, £°,  a
a1] three were typ1cally*determ1ned s1mu1taneous1y. Ihese
vaiues were then used as constants for the processvng of

data co11ected ‘rom/gikrations of l1gand and metal-lﬁganJ

\. 3
so]utions of the same 1on1c med\um.

. . s

- Dur1ng the latter phases of the thesis work a program

) -\'*
availah1e‘.‘This program also‘Simultaneously-f1ts KN, E°, o

x

and the concentrat1on of acid 1n ‘the test salut1on and g1ves

~
‘.

..

the same results as KINEJ (with1n exporamenta] error)

rX LY

[}

see

Typical reSuIts are- presented in fo]low1ng chapters. .”.

+
- . LT Lo ‘. h

e, '\'-‘ . »' i
,' PR R T
- \. N - '
F. Préparation and Standard1zat10n of So]vent and U
T L RETE ~ n " “
Titrant Solutions T a
\' .t . ';
E “ .t . Y 4
» : IEER

AT so1ut1ons in this and fo]]o;tng secfions were

prepared with doubly distilled, de10n1zed water o? “A

resistivity greater than len6 ohm centimcters. The " glass-

and plast1cware used was rinsed w1th it as welT ¢

»
.

Roth gravimetric and volumetric data were recorded iR
prepar1ng ‘'solutions for the titrator eva]uatlon exper1ments.r
This was because ‘solutions used in the 1nter1abonatory
comparison study of the N1(Il) glycine complexes (63) were
prepareﬁvvo1umetr1ca11y, yet salution hand]1ng for the

autotitrator was much more easily-accomplished




gravimetrically. So that the results of this study could be

compared directly with the literature results, both

grqyjhetric and volumetric data were recorded. ™
A1) metal and ligand solutions were prepared in a .

¥

'solvent', a solhtion composed of a strong acid and an inert
salt in water. The purpose of the salt, present in
relatively high cdncentration"was to reduce the effect of
chanq1ng solute act1v1ty coefficients and, thus, the liquid
]unct1on potentvals that occur as a t\tratvon progresses in

solutions of 1ow ionic strength and the ionic concentrat1ons

~change. Titrations of 1igands or met‘1-ligand’comb1exes

that are performed,d#‘solutions.o‘ differing ianic.

_strengths, or which have end points and buffer regions that

occur at Qbrying ionic strengths, yield rather imprecise pKé

v

" and formation Constant results (60) To i11ustrate a variation

inionic strength of 101 may result in on1y afirst déecimal

pldce pregis1on,1n the logs of such constants.' lt was hoped

-

that such inaccuracies could be avoided, or at Teast

;1essened,-by maintéining the test and titrantfsoiutions ai a

°

fairly high iopnic strength. The purpdseAdf the acid was to

fprotonate t ¥ \iqand'and-reduce.the sblution pH be1ow'thg -

»

11gand S sma11=<t pra prior to start1ng a t1trat1on. ff ' :f~,u>

‘also aided in Peeping the metal ion in so1ut10n since both
n1cke1 and zinc’ hydroxide; are at 1east part1a11y 1nso]ub1n-
at neutra) pH (63, 64, and references»therelnL '-'{p

HC1 and NaCl were the components of the solvent for the

7
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" the resuIts.

r
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Niz*;giycine‘expefiments. This solution was prepared by

combining aliquots of separate“HCI and NaCl solutions such
that the total chloride concentration was 1.0 M. The HC
golution had been previously standardized ex potentiometric
titration and»the NaCl, twice recrystallized from hot water
before use, was assumed to be of 100% purity. For all other
experiments, HNO, and KNOj were uSed and the solution,

prepared. in a simildr manner, was 0.30 molal in nitrate ion.

“The sodium-based electrolyte, used in the Niz*-glycine

‘experiments, was used in the present study for consistency
with those experiments’ done 1n the. 1nter1aboratory study.
However, in the study of Zn(XI) binding by h1st1dine-

containing,peptides»th1s was replaced by the potassium-based

L]
electro1yte{ KN03;'to avoid introducing sodium error into

-«
The f\nal acid concentratlon of the solvent solut1on

was deterdjned by potentlometric titration with standardized

‘base using the autotitrator 1n dynamic node. Tﬁe dynamic

mode, ‘as described in the section on the autotitrator

'software, enables the collﬁfiioh of the meximqm posSib]e

number of data points in the end point region of a

ti;nét\on and so ensures the best precision and, it is

‘hoped, accuracy obtainable for the final result of a

standardization titration. The change in golutidnipﬂ or mvV
per unit titrant volume, ie. the 'slope' of the titration

~addition.

curve, is calculated by‘IITRATE after each

By monitoring this parameter over the course of the



titration, the end point volume is easily identified as that
producing the maximum slope. The results of these
standardizations arejpresented in folTowing chapters of this

thesis. For each solvent solution, the resulting acid

’concentrat1on value was substant1atéd by KI%ET treatment of

the data as descr1hod in the prev1ou§ section on meter
calibration.

The titrant-so]ugions were made in the same ionic

medium as were the test solutions (1.C M (Na*)C1~ or 0.30

molal (K*)N03” te avoid complications from dilution

effects. To .avoid the need to include carbonate equilibria

wher fitting thp'titratiqn data to chemical models,
precautions were taken to eliminate carbonate from these
solutions. The water used was first boiled and then cooled
under.a b1an?et of argon. Also, NaOH titrant was prepared
'hy dilution of a satﬁréted NaOH solution, which presumably
is nearly vo1d of carhonat _and the KOH titrant Qas
prepared from a c0mmerc1a11y available DILUT- I‘*Mik1t
(guerantped less than 0. ?% carbonate) and not from KOH
pe]]ets. which absorbk H,N and C0,. Both were standardized
by potentiometric titration of potassium hydrogén’phtha1ate
(KHP) using thé autotitrator in the manner described }or the
standardization of acid in the solvent solutions. The KHP
solutions were made fronf °9.§% pure KHP which had been dried
for at Teast 4 hours inan ovencontaiﬁingDRlERleat 110

°C. Results of these standardizations are also presented in

Y




following chapters.

W

F. Preparation and Standardization of

Ni(I1) and Zn(11) Solutions

.

Fnough NiC1,°fH50 waskaddnd to spivent,solutjon to make
it about‘fs,mg in nickel(IT) and about 1 M in chloride ion.
Water was added to bring the chloride ion concentration to
1.0 molar. This solution was standardized by gravimetric
ENTA titration in pﬁ 17 ammonical buffer using pyrocatechol
violet and/or murexide indicator (65). hPolyethy]eng wash
bottles with hand hlown small bore glass tips were used for
the titrant delivery. Additions as small as 0.015 grams
titrant were possidble.

A

7n(N03),'6H,0 was added to a solution of nitrate-
incomplete sofvent to give an‘approiimate zinc concentration
of 0.f1 molal. This solution was standardized
gravimetrically with EDTA in pH 10 ammonical buffer using
Eriochrbme'ﬂlackrT and/or pyrocatechol violet as the
indicator (65). L.AH solutions used in the stﬁdies involving
zinc were prepared and standardized entirely gravimetrically
to avoid the uncertainty involved in the calibration of
glassware. KNN3 was again added to make the NO3~

concentration up to N.300 molal and the value for the

standardized zinc concentration was adjusted accordingly.
®



A

The NaoH,EDTA (99.5%.purit'v vsed in the metal ion
standardizations w purified by recrystallization from 92%
ethanol by a method ;eported by Vogel (66). A litre of near
saturated solution of ENTA (soldbi]ity ahout 20 gram; per
200 mL.) was prepared and 98% ethanol was added unti) é
permanent precipita{e appparéd. The crystals were colleéted
in a large Puchner funnel with suction, rinsed with a small
amount of cold ethanol, and dried in an oven containing
DRIFRITF at about &0 °C for two days. Standaraization with

a primary standard CaCD, solution showed an increase in

purity to 60.2% after the recrfsta]lizatiom

G. Preparation and Standardization of Ligard Solutions
k]

Glycyl-L-histidine. L-alanyl-L-histidine, and Qlycyl-L-
histidyl-L-1lysine solutions were prepared by weighipg the
.solid into.mea5ured amounts of‘solvent. Sdlutiopg were
standardized hy potentiome;ric tftration with subsequent

\
data work-up using the non-linear least squares curve-

fitting programs MININUAD®1 (59) (a 1981 version of MINIQUAD -

(57.5°)) or ACRA (6?), though ACBA was not available for use
until very late in this research. |

When MINIQUADR] was used to calcdlate the ligénd
concentration from‘pH titration data, either the titration

program 'TITRATF' was used to put the data in the proper

3



format forJMYNIQUADPI‘as it was'beiﬁg collected, or‘a-data
filYe of thd proper format was set ub manually after
completion of tﬁgbtitration. ~Inc luded in a data file for
FINIQUAﬂpl are ; title, the titratioﬁ témperature, the £° of
the system.’the Nr,'s and stoichiometric coefficients of
'éachkspocies in solution, the qumhék of mmo1es of each
component in the solution to be titrated and titrant, the
ini£1a1 test solution‘volume, énd the pbtentiomet?it
titration cata (in pairs of titrant volume and cofresbonding

pH oor mY readingh?

To run Nlﬂlﬁuﬂﬂﬂﬂ; ¥y and, initié11y.’F° were kept
constant at the values determined from ACBA or KINET
treafmcpt of §o1Véﬁt titration data és described in the pH
meter calibration section of this chapter. It is possible
for MININUADP] Eo'detvrminé values for K and k“ but it was
foﬁnd that rpfining.foo many‘paramete}s atronce gave
unreliahle results. _ |

It 'was found thét the stability conﬁtants determined
usianMINfQUADP1 were Hiqhiy sonsitiQo to the vélues’of the
param~ters kept constant, such as 1ligand concentrat%on. £EC,

Ky etc. To detprmine the actual ligand conéent;ation, it
was necessary to run the proﬁfah a number of‘times using
differcnt estimates for the number of mmoles of ligand and
monitorthé fit of theresuitstb tﬁcdata as indicated by ,

the suri-of squares of the residuals valué,whichis

calculated from the sum 0¢f the squares of the differences




between each calculated and experimental tifration data
point. The number of mmo]g{‘present was taken to be ;he
v;fuc.that-resulted'in the smallest sum of squares value.
'Fiqure.2 shows the relationship between the sum of squares
parameter and the mmoles of ligand used in the‘ca1cu1afion.
A better fit of the cqltuléted and eiperimental titration
curves gesults when the value for.the mmoles of 1igand
' appréé{{es an optimum. §edbn tit;ations of glyHC{ gave a
«meénifoncentrptionrqf 0.0229(5) molar, ' Similarily, re§q1ts
or’the other ligands were 0.0175%(3) molal olyhis,

4

0.C24£(1) molal alahiy (® replicates each) and -0.013€0(5)
moqu'éfyhisfys,(d féolicatesL, where fﬁekvalues_in brackets .
référ to the standard deviation in the result. ‘

ACRA needed only'bprun‘oﬁceto~obtain vaiues ‘orthe

N concentrgtfsn o“liéand, KQ‘and F°'simu1téneous1}. Data
files for ACRA were set.up with the same information as for
MINIOUADR]\bUt'in a différent format. The program has the
capabhility of refininqg L and E° at.ihe same'time it refines

- pr,'s and acid and 1igand5¢bncentf§fions, sgbmfﬁgly with

| _better reliability and cehtaiply w{th greater’éigg.than with
MIFIQHAH?!. The vé}ueg cﬁ]cu]atedvfor Ef,»Kw.:énHt$cid
concentration agreed well with thosg,pﬁfﬁined by EblVgnt
titration, as desﬁqibed{in section'ﬁ:o%‘fhis,chapter,vhaking
the tit:ation of the solvent‘see? unnecessafy. ‘Hokever, as
with most curve-fittjng prdgrams,.tﬂe more parahéters there

aretobe refined the Tess reiiable are the resQlts. Thus,

the F° and LW values used’in the ACRA calculati6ns were .

LY
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Figure 2. Dependente of the value of MINIQUAD81's sum of

squares of the residuals parameter on the value used for

the mmoles of ligand,

n
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determined by titration of solvent, and the ligand pK,'s and

concentrations were obtained from the ACBA calculations.

2]

H. Solutions for the 1y MR Experimenf
- - - -

Solutions used in these experiments were %repared using
the.autofitrator, or the Métt]er DV11 buret alone, to
deliver aliquots of base (NaOHor KOH) into the test  *
solution containing ljgand or a metal/ligand‘mixture. The
hése was of the same ionic medium as the test solution ts

) ) C . .
keep the ionic strercth of the test solutions constant at a

value similar to that used in the potentiometric

experiments,

e .
Ligand soluticns were ptepared by’SQighfng solid ligand

into a flask with a measured amount of solvent, taking into

account the,purity determined for the'ligand in the’sébarate
potentiometric'titratibn experimenfsrdescribed in the
6re§ious section. An aliquot of this sdlutfon was
transferred to the titrit}on cell. If the test solution was
to contain metal ion, an aliquot of.standard§zed metal ioq;
solution was then measured into the ce11: The initial .pH df
the solut%on was adjusted, if.necessary, to between 2 and PR
with solvent. - Tertiary‘bptyI alcohol (TBA) was added as an
internal chemical shift reference at a concentration of

about £ x 102 molar. The final concentrations of ligand and

metal inthe test solution at the start of the titration

L}
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were in thg range of 2-15mmolar with'ligand tometal ratios
ranging between 1:1 and 5:1.

Solutions were hubbled with argon for about 5 minutes

s

be‘ore starting the titration and were continuously bathed

in argon durinb the titration to minimize abhsorption of CO,

which would alter solution pH. Typically, ten to twenty
five :N,5 mL samples were taken from the titration cell

. : . t
during the titration and put in NMR tyhes. The pH range’

covered was typically from pH 2 or 84 to about pH lg,.with

.samples beinqg taken at reqular pH intervals. No attempt was

made to COr$ect nH values obtained for these solutions,
which contained 1% D,0, for deuterium isotope effects.
Protor MMP spectra were measured within half a day of sample

prepardtion.

I. 1 NMR Measurements
’ :

)

Proton NMR spectra were obtained using a Bruker WM 360
high resolution spectrometer equipped with 'an Aspect 2000

tomputer. The probe temperature Wwas kept constant at

25 +1°C. ’ ' : 4

A pulse width 0f 1-3 micro seconds was used. To achieve

|. E ‘r .
adequate siqnal to noise ratio, between 40 and 120 free
induction decays wecre averaged, Chemical shifts were

measured relative to the pH insensitive t-butyl resonance of

L4
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t-hutanol (TRA, chemiéal shift 1.2365 ppm). The solutions
contained 1% v/v D,0 to provide a deuterium lock signat for
~the spectrometer. To avoid the dynamic héngp problem
encouﬁtered wheh meaéurinq spectra of dilute solutes in
water, the H,0 resona&ce was reduc¥d,in intensity with a
‘selective saturation pulse prior to applying the .
nonse‘ectivp_ghservatiqn pulse.

Peak arbas were‘ohtained.by,both using the integration
goftwaro of th2 instrument and by cutting and weighing.the

peaks from the printed spectra. ')

J. Ligand Acid NDissociaton Constant Determinations

. Solutions of ligand in so1venf at an initial pH of
about ? were titrated with standardized base Qsing‘ihe
autotitrator. The data were brbcessed in one of two - ways:
(a)-using the proqram/MINIQUAD;\ (59) or (b) ACPA‘(GZ). The
same reSU]ts were obtainable with either program‘(within‘:
pxperimental error) although if was easier to use ACBA since
it is a one-run program, as has been discussed eaflier.

With MINIQUADRY, it was nece§sary to_run the program
several times to ohtain the final results. First, the
number of mmoIeS of 1igand in the titrated so1utfon_was

determined as descrihed in section G of this chapter., In

the case of glyhislys, this was done twice - once to obtain
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the mmoles of acetate pFPsont and once to 6htain the mmcles
of g!yhiélys. 1f pﬁe titrations were done in mY mode,
MININUADP] #as run again; this time varying.a‘paramete
c§11ea PHCAL which attempts -to co?rbct';or an inaccurate E°
value. Typically, this affected the £° value by less than a
few millivolts, but did acfect the proton dissociation
constants somewhat and resulted in hetter fits to the data.
When the mmoles of liqand and E° were optimized, the values
for the overall disséciation constants were calculated.
QIHIhHAp?I only calculates overall association®

constants, called hetas, which are described hy the genera)

re’ationshins shown helow:

- 4 ’ »
al + bH === 3> (9)
ML HGY
. f, o= 20 ) (10)
ab "
fLlaruY

where | and H représont the ligand and protons,
respeétivo1y. arc a and b represent their stoichiometric
coefficients.” Thus, for example, for a triprotic ligand:

- o - , [HA)
L N B]

——— ‘ (11

[H]FAY

2 (12)
[H12ral

p “ ' [HyA)
: , By = e (13)
rH13[ Al




35

Equations 14 to 26 are employed to convert these Gonstants

to conventional acid dissociation constants.

[H1[Hy

A FHaA]
ot T Tem () 3T T H
THICHAT © .. (HpAT
Kap = ————— (15) Kpp = o (17)
[HaAT | .. THI[HA] P
[HITA] LI . o
‘a3 T Tom L ") AL [HI[HAY W W
-logk, = 1éﬁdf ' 1 | : ;'f‘ (Zb)
.. . . > LN
loge < loq ey = ;TogKaj . * ' N (21)
1ogR, = logkgy + légKfz =_-199Ka3 -Alogka? « L (22)
Togsg, - Togtqy + Togkep + loaKes | | .
= -10aK,; - 109¥,5 = 100K,q (23)
) | | S . R
‘ o , F2 '. ' ‘
where g represents the overall association constant, Kg¢ the - . &
sFepQTse‘;ssdciészgn ionstant, and:Ka the stepwise -
dissociation@constant. From the ahoyé, it follows that - the
1igand protné ass;ciation constants can be simply converte:' .
f(om MINIDUAdQ!whéta values td conventional pX,'s by
éqhations ?4 to 26. o
jpkéiz= 10935 - f0932 o | , " (28) ' ‘
wpKao = logBy - 1098, S (2;3") B
jp"aa = 1098 . L A26) T N
. . “ .
. . . g
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The mean and standard deviation of pK, values

determined from the treatment of data from several

P
-~ Y Al

‘titrations were cdlculated usipg'eguations‘27 and 28:

’ N . - . -

2:(x/sd?
Weighted mean = —m——m—m——m—— ' (27)
T (1/5d?) ~ |

s

¢ -
{
' . [ T (se?)
Weighted standard deviation = I[J —_—(72)
: - n-1
where x represents each individual result, sd is its
standard deviation, and n is the numbor of results used in
the calculation (67). The Q test (62) was used to determine

i f outlying Pk, values should be included in the results.

In ca]cu1at1nq the we1ght9d mean for a set of log

'va]uos. thp 1nverso 1og was f1rst calcu1ated and used for X.
The- nﬁture of the we1ght1ng is such that the values with .
la;gpr errdr associatéﬂ‘with them, as indicated by their
'ktandarﬂ deviations, influence the final result to a much‘
1essar extent than thosp with relat1ve1y Tittle error. This

-

increases the conf1dence in the f1na1 result by weighting -
more heavily the contritutien of ;he v&lues ;f which there >§
is more certainty and also by lessgn{ng.the magnitude of the
standard deviation associated'@ita the final result. In the

case of the Ni(Il)-glycine experiments, simple means.and‘”‘
stanbard‘deviations were also calculated for the pK,'s to

.. _ ,

o, . |
allow direct comparison of the experimental values with

those of the literature. f ' ’b )



" R. Potentiometric Determination of

.

Meta1-Liqand‘Form9tion Constants

: LAf lhe*eomplefion;of‘a ligand titration, acidified
_metqt ion solution waé*hee;eréd into the titrated ligand
oﬁu;ibh._ The meta1/11gand solut1on was then twtrated with
'basc usrng the autotltrator ﬂata collected from these
experxmonts was processed using the program MINIQUADP1 (59)
to determine meta1-1jgan&4formation constants ie much tﬁo
s ame ya} as'waﬁ dope,in calculating ligand bKa's: ‘The
so‘ufieh Ky 'Lfgénd pKh's, and, 1n1t1a11y, ‘£¢ which were
‘determ1ned from sol.vent {1trations were kept constant 1in
these calculations, as was xhe number of mmoles,of ligand.

Y . LY h ’
determined in.the previous titration. In the calculation of

: the.Zﬁ.Hiqand fcrmation c0nstan£s..it was found that
1nc‘us1on of the spec1es 7n(oH)* and In(0H)» in the modei
-was necessary for a 400d fit. Format1on constants for
‘.-7n(0H\+ and 7n(ﬂH), were obtained from separate titrations

.

‘o‘ z1nc so]utwon and are reported in Chapter Iv.

-

S1nce the computer program MINIQUAD®1 was used
'extens1v01y in this thesis research to calculate format1on
'cokstants. the procedures for using the program and some o‘
ﬂt§ capahi11t1es wfll.bp deserwhod. First, an equ1lJbr1um

mode i§.grqbosed for the system under study.

“

StOiChiémét}icfcgefficjénts-of the components (metal, ligand

"t . <

ahq'protbﬁs) of ay) posgiblé*species and estimates for the

~

formation constants of the various species represent the

' L

37
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model system in the program as described in the Appendix.

These are used by the program to set upmass balance

equatidns for each element. The actual experimental

condition values, .i.e. the 1nitia];solution temperature and

volume, system F°, and the concentrations of all the

.

components making up the species in the model, are used

alorg with the above mass balance equations to simulate a

titration curve. This titration curve is then compared

-

point by point$with thatfdbfained experimental 1y under the s
qiven conditions and, on thé basis of the Fesults of the
comphrison, the formation constants areﬁrefined by means %f

a non-line{r least squares algorithm. This'pfocess is ‘

repeated until an arbitrary criterion of fitness is achieved -

.or a maximum 'number of iterations is performed.

e

Included in the algorithm is the capability to
rétognizp when successive iterations for)the cach1ation bf_
the constant for a particular specﬁés proposed in ﬁhe mode |
is not coﬁverqing to a sing]e»va]ue. Subsequently, that.

species is rejected from the model while the constants for

the remaining species are further refined.

Pelakive errors in the final constant values are

b

calculated along with several different estimates of the
over®11 fit of the expérimentalldata to these results for
each data set; The on\y one qithesp that will be discussed
inthis thesis is the sum of squares of the.residuals
parameter, or simply the 'sum of squares', which is the sum

of the squares of the differences between the experimental

-
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déta points and those calculated using the result%ng
constants. In other words, it gives a measure of the fit of
a titration curve calcu]ated'using MINIQUADA] constants to
that obtained expe}imentpily;g Althodgh determining the
degree of the fit Ey.pﬁ?ivé1uelpf the sum ;f squares
‘Darametpr is somewﬁ;{j;rﬁﬁtrary, it'is generally observed
that a calculated titration curve wil& pass throuqh most all
experimenta) titrqt{on“points with no observable deviations
from the experimertal curve in any speéific reqion, such as
at an end point, {n a buffer r;qion br in regiqns of either
high or Tow pH, when the sum of squares vé]ue is less than
10-7, . ‘ .

The program may he run such that several equilibrium

models are successively fitted to a set of data, i.e.

.different comhinations of species may be included in each

trial run. This is referred to as the 'model select! mode
in this thesis. Ry monitoring the sum of squares parameter
and thelfnequency of rejected species, a theoretically '
'best’ chemical model for the sjstem,cén be surmised. Care
must be taken to include only species having some chemica)

validity since the program will initially accept any

species, whether it makes chemical sense or not.

Similarily, if a species is rejected by MINIQUAD8] it does
not necessarily mean that it is totally invalid to the
Tsystem since the equations for species present at low levels
are difficult to solve. yoweverx j:Bse species repeatedly

rejected by the proqgram were generally reiected by this



author unless there was a-very sound chemical reason to
include them. Similarily, those w1th highly irreproduc1ble
values were also held highly suspect Suspect species were
confiJ‘d or rejected by ‘running the data with 2 species
distribution calculating program COMIX, described in the
next section. Generally, a species with an abundance of
less than 5 percent was rejected from the mode .

}or sono of the less adbundant species which seemed
chem1cally reasonable, it is difficult to get reliab]e
constants. By running theiprogram several timds and
successively keeping the estimates of the more abunoant
species at values to which they had become constant;it was
.Vposstb1e‘to enhance thetreliability of the constants for
these minor soecies. " | \ '

Because of the variability 1n the values of the
formation constants due to various of the above factors.
weighted means and standard deviations were calculated.usvng
equations 27 and 28 for all the constants as shown in the
preeious sectéon of this chapter. Simple means and standard
deviations were also calculated for the Mi(I1)-glycine
system to permit a direct comparison of the results of this -
study with those of others which did not use such weight1nq

in their calculations.
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L. The Compapihility of Potentionmetric and NMR Results

Many laboratories study complex equilihria by
potentiometric titration methods similar to those used here.
The validity of the results of such experiments can be -

~

»
greatly enhanced by camparison with the results of separate

confirmation experiments involving the use of a different

-

experimental method. 1In this research, the potentiometric

results have been compared with the results obtaingﬁlby
\ p \ : : P
Ty mme. ! N -

After determining formation constants from a particular

‘set of titration data by fitting it to a model with

MINIYUADP1, the program COMIX (£9) was run with those .

formation constants and the same metal, ligand and protcn

concentrations to calculate theoretical distributions of the

various species. The quantitative results of the Iy nmer

expgfimenti,'i.e. the relative peak areas from the 1Midazole
region of, the spectrd} were compared with the theoregfcal
Qpecies distrihutions ohtained above, Agreement Was
Considered to be good if the differences between the
cnncéntrations bredicted by COMIX and those obserQﬁd by NMR
were within experimertal‘ehrbr, which was considered to be -
ahout 17" percent. Dbtaining such agreement was taken to

indicate that the species belonas iﬁ‘the proposed model and

that the formation constants obtainéd for it are valid.




' CHAPTER I11

.

[valuation of the IPM PC'AutotitratoG;

A. Introduction .~ = . : : L

The resuits 0f ap exhaustive testing of the IBM P(
controiled autotitrator descrihed im Chapter II are
presente4 here Severa1 facets of the system were examined’
and the Yimitations iin its ahility to perform end301nt and
equilibrium titrations was ascere:ined. )

' The minimum volume of titra deliverabie vés
determinedi 2s was the presence or ahsence of difquion from
-the deliverv tube tip. Tests were done to see how . ;V
aqcurateiy and reproducibly ehdpoihts of strohg acid/strong
base titrations, done in either the large'(zn-ldh mtYy or °
the smai]jiﬁ-zh mt) titration ceil,'coujd be obtained. ‘The
determination of small amounts of &Ecompoheht in the o ; L
presenceiof larger amounts of anbther (egq. 1 ppt. carbonate
in 0.2 moiar KOH) was also evaluated. . f~i=-1
' The reiiabilitv of using the' titratqr for collection of -
equilibrium data was investigated hy determining the
formation constants “of the nickel(li) glycine, complexes and‘f
c0mparinq the resuits with those in the literature (63). ‘,%'
The nickei(li)-giygihe system is chemicaily well behaved. thg .

the reactions are not greatly endq- or exothermic, and there

-




no precipitation hefore pH 9 The system is sufficiently
compIex th?t thore are several species present
/}mu]tanedus]y in solut1on hut it is not 50 complex that

~unusual ﬂeasurement or calculation procedures are needed.

Formation constants for nicke](li)—g]ycine complexes have

been measured by several lahoratorias and an international -
1nter1ahoratory determ1nat1on of”the format1on constants
(f3) compares the values ohta1ned usan d1fferent

experimental ané computational methods.  Resglts from the
" , | i }

Lol

“interlahoratory comparisoﬁ have bennrtreated"statistical1y

(10,71), providing what would.seem to be an excéﬁlent

chemical system for the evaluation of an equilibrium

titrator,
" (f\‘
"~
- B. Results .
1. .Dxnamic Titrations - . .
Dynamic titrations were defined in Chapter 1l as being
thos2 in which each titrant volume addition was calculated
.tn'gl_low’the data points to be obtained at constant pH
‘\\ intervals. - This method enables the collection of many data

-points inthe regions of the equivalence points and so is
useful in detevmfning the concentrat1on of titratable .

solution components.
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a. Diffusion trom,the'Tftrawt Delivery‘Tip»

Solvent so1ution,,definnq'1n Chapter II. was t1trated

‘in dynamlc mode with the autotitrator using 0875 M NaOH to

.

within 2’ pH unvts o‘ the equvva]ence point (pH 7) and thel‘

't1tratwon then suspended to monitor changes in the pH metgr

-readwnqs Meter drlft would be expected if t1trant was

difey s1nq from the deIivery tim

In tne_f1rst experiment, the tip was removed on

suspension of the titration.. In 3 ‘runs. the meter read1nqs

kR

drwfted an averaqe of .about 0. 0?5 pH.. un!ts durtnq the f1rst

2 mwnutps after renovinq the tip and then remained constant

whnre constancy was defined arb1trar11y bya drift 1an of

lpss than 0.001 per mimat e. In the second expertment; the
deltvery t1p rema1ned 1n the test soluﬂvon after 3 pend1hg

the t1trat1on and the meter . read1ngs were found tq dr1ft

, @bout .03 pH units over the in1t1a1 2 minute time interval

before becomjng constant. Thu's, diffusion from,the titrant.

‘delivery tube tip was taken to he(hggﬁihfhWe; . rf

o

!

. . B ¥ . . . . . B .

1

h. Minimum Titrant Volume .

- In dynamic titrat1ons, the tltrann,volume “to be added

is. determined by app11cat1on of an hyponholic algorithm (56)

’

to the two nrev1ous data points. ln the equivalence po1nt |

2

req1on of a strong acid/strong base titration, such

calculdtions can result in thooretafal-t1trantradditibns,of_

.
Lo .
-’ .

AR
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volumes less than that possible with the DVlf motorized
syringe buret, where the 1 mL buret has a documented minimum

“volume addition of 0.0001 mL. To determine if thé minimum

1

volume which ofin be added is actually 0.0001 mL, solvent was

titrated and the endpoint region was monitored as titrant
: : ’ . RN
was added. A gradual increase then decrease in the

"TITRATE-calculated slope parameter, which is the change in
pH or hvireading per change iq titrant volume as described
in Chapter 11, would be éxpecfed if the volumg,additions
were being made propérly. | . '
Minimum volume additions of 0.00ﬂ?”mL{5roduCPd suéh a
‘résponse while those of 0.MAN1 mL did not. Additions .of
0.0001 ml: titrant in the equivalence point regioﬁ of the
titraticn produced what wil) be re‘erred to as an l
oscillating slofie. 0Ond t1trant.add1t1on would produce aA
great change in the pH or mV reading an; thé?éfore, in thgl
calculated slope. The next titrant addition might c?hse a
much smaller- %hange in the meter reading and s1ope The
trend would cont1nue through the, equ1va1en!% point. " 
"It is possible that there was an electronic problem.
Since SChema*ics were unavailable for the bu;et it could | ]
only be postu]ated that 1ts mechanism mxgh{ be such that
both artsingand afa11ingpulse neededto bnappl1edto
its tr1gger to move t"e piston and expc1 titrant. Th1s

Y

explanation was~ruled,put. ‘however, since the computer

always applies’a rising pulse to the buret as its first >

.

pulse, " If the ahove’were true, §uch applications of single

’




“

” .. -
- . .

pulses would not be expected to move the buret piston at

: :ali, and the ﬁiston was'sepn to move on multiple single

[
»

pulse applications. : |
It was noted that the buret made aclickingnoise when

Jtitrant was being added, and examination revealed a small

space between the piston and its driver. It might he that,
when a pulse is applied, the driver moves but the’piston

.does not.-move enouqh, or perhaps it moves too much. On
switching buret drive boges, the clicking noise and the

' l ; -

oscillating slaples..both decreased, but did not disappear.

, i B : .
"It was concluded that the oscillating slopes were due to -a
‘hardware defect that tould not he eliminated.

In any event, for a]l'dyﬂémic titrations a minimum

titrant ¢qlume addition of 0.0NN2 mL was added when the
* g volume calculateﬁ by the hyperbolic atgorithm wid's less than

4

N.ACMY ml,

and Precision of Endpoint Titrations

S

C. Accuracy

The most important aspects of endpoint titrations are

their accuracy and precision. “To determine the accuracy and

precision of ihe endpoint detection, the same solvent
titration-experiment descriSed in the two preceeding

sections was pérformeﬂ. The accuracy of the autotitrator's

endpoint detection was assessed hy comparing the endpoint

Y

L% P
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obtained by taking the point having the maximum calculated
§1ope,'which will be called a manuaf calculétion or a
derivative result, and that obtained by t}eating the data
wifh the program KINET (615. This is not to‘imb1y that the,
evaluation of the data by KINET is definifjve in obtaining -
true values for the concentrations of solution componénts:
Rather, the correlation of the derivative and KINET results,‘
in coﬁjunction with obtaiping good precision as Ealculated ’
by standard statisticél,methbds,,was'thought to mefeiy
indicate a level of accuracy and not to defing an-absolute
accuracy ‘or the values.

In the endpoint region of the titratxons,.a m+ﬂ4ﬁﬁm‘
volume increment of N.NN02 mL was made, which‘limits the
accuracy and précisiqn of the results to 0.2 ppt. if the
endpoint occuts at a titrant volume of aﬁout 1 mL.

For titrations done in the large cell, S replicate '
titrations of about 35 grams of solve?t,.each requiring.
about 0;5 mL. titr;nt,'resulted in an average acid
" concentration of n.009431 molal with an average deviati;n‘of
n.nnono7(n.7 ppt.). " In 9nother experiment, done in the
small»titratjoq 9e11 and usiqg different titrant and Eolvent
solutiohé..i repficate.titrations of about 6 grams of i
solvent, each requ%ring abodt 1.2 ml of’titrant, gave an
average acid concentration of 0.04475 mola]hwith an averagé
devjation of 0.00005 (1.1 ppt.). * |

The same data was run with the program KINET. The

-

result obtained for the titrations in the large cell was




-, ' 4P

h.QPOA?? mo1a11H+ with aﬁ average deviation of 0.2 ppt.
'ahi]e the resg1t,obtained from titrations in the small cell
was h.otgi7 mola} H* with an average devfation of 1.0 ppt. d
A comparison of the derivative- and computer-calculated ‘ o
results for the data collected with the iaige cel) is givﬁn
v inTable 1. . - .
| Onthe basTis oftheser95uits;it was concluded that

"the endpoints of strong acid/strong base titrations done on’

the IBM PC controlled autotitrator, whether determined by  o

monitoring the titration curve slope or by computer analysis

of the data, can'ho.determined reliably to 1 ppt. orgbettet.

=

¢ d. Low Level Components in Multicomponent Sdﬁhtibns

Sometimgs, re]ativel} small concentrétions of
Vo cont aminants will have a large ‘effect on the behaviorfof a"
: ; chemical system. For éxample, basic solutions will absorb
. C0, from the atmosnhern»ahd in doing equilibrium studies it
| migﬁt'be necessary to include carbohate protbnation
equilibria in the chemical model. To determine if low
levels 6f carbonax} could be detected in {bH,titraﬂt,

. solvent-solution was titrated with a dilute solution of

K e

freshly prépared KOH.stock solution containing about 1 ppt.
carbonate. ) 1n all stages of so?ut1on preparation, qhiy

>

doubly distilled, deron\zed ‘boiled and deaerated whter was

;

- . N ' . N




Table 1. .,

]

Solyent Free Acid Standardizption Using KINET

and by Derivative Calculation2:d -, '“‘ ’
‘ | ] | h ‘.\.;‘ )
g . N 3 ' . & . "l
pATE/FILE  KINET RESULTS MANUAL RESULTSC + B
BAY02002 9.408(3). 9:415(7) y
MAYD2004 0.41(4) 9.437(7) " -
m%‘genns 9.423(4) 9.429(7)
MAYN 2006 9.41(4) . 9,439(7)
*KPR29004 .9,471(2) +9.433(7) ‘
© BVERRGFS 9.427(7). *  9.4317) ,
h ) ’ h ' ) w‘"

3Concentrations are g1ven in“units of 10' moles strong
acid per jaram solut1on . .

-

bNumbers iln parentheses represent the~uncerta1nty in the
last digit as measured by the linear estimate of the standard
deviation as calculated by the program LIMET AKINET results)
and by assuming an error of +0,0002 mL in the endfoint -
volumesand +0.002 grams in solution weight and using these

~ values in standard error analysis of the results (MANUAL

. results). _ . \

CMANUAL Melsults are those determMhed from the titration

curve derivative calculations done by TITRATE during the
titration. ' -t o '

-
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used afd the KOH stock solution was stored inanairtight
po]vethyten{_bottIe. Later, the reverse titration
~ experiment, that of base with solvent, was also done using a
" fresh KOH solution made from dilution of the }nitfaI'Kod
) stock‘s:1utlon’ o
First, solvent solutlon (0 04562 M acid with a standard
deviation of N.00NNP M) was‘titrated with carbonate-
.conta1n1nn KOH titrant. The,hdqh level of performance of
the t:mvat1on syst@m is evident from the observation of. 2
.maxima,jn'the derivative n1ot (Figure 3), separated by only
:1.3 m%cro1iters._ The twe end potnts result from the presence
.of carbonate in the titrant and it can be surmised that the
hase strength at. the‘ first end peint is [0H‘ji1+'2[C032'],>
while at th;'secdnd it ts [OHT] + [C03?’]. Typically, in d

replicato,titratiogsl 5 additions of the minimum possible

amount of titrant (Q.Z micro)iters) weré made between the
‘two'end points, and‘gave reproducible derivative titration
"curves. The end point volumes were 1dent1ca1 to those"
obta1ned from Gran's plots (7?) The average t1trant
carbonate concentratwon was found to be 0. 89 ppt. with an

average deviation of 0. 09 ppt.w Derivative curves for N
-
As1mulated titrations of strong acid with stronq base !

.containinq 1 ppt. carbonate, .one of which is shown in Figure
4, are identical 1nwshape to~tne experimental derivative
curves. The carbonate concentration calculated by these
simulations wWas nas ppt.:with an average deviation of dos

prt. compared with the experimenta1 derivative curve

e -
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Figure 37 Derivative curve in the equivalence point regio

of ® titration of 0.045 M HNO, with 0.2 M KOH in 0.3 M KNO
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N Figure‘h.

3
titration

carbonate.

\

-

) v ’ I3 ' '
Simulated titration and derivative curves for the

of strong-acid with strong base containing 1 ppt.
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fexperiment was preparéd.' Again, derivatiie plots of the

calculated value of N30 ppt., with an average deviation of
r.00 ppt. o * |

The reverse experimént was also performed, using the
: [} .

‘same solvent solution and a‘djlutnd'aliquot of the stock

titrant solution from which the titrant in the first
titration curves showed two maxima as had been observeg in

the previous e&perimeht;v In this instance, the first endz
o v

‘point renresents the titration of ON™ to H,0 plus the

titration of €0,°7 to Hr03' while the second end point -
ra;ults ‘ron’ the t1tration of HC03 to H,CO05. F1vei
rnpl1cato t\tratlons gave a carbonate concentration for the

hase ofl.ﬁ ppt.with an average deviation qf,OJ ppt..and,

anain, the experimental and simulated titration curves were

identical in shape. These results suggest that it is

;‘

~

poséible to quan:i;atd less than 2 ppt. carbonate in strong

.

‘hase titrant with the autotitrat%r'by titrating it with-

strong écidor,eVenby simp]y'using3t totitrate astrong

acid solution. ’ L A

5

It was noted that the actual va\ues'for_tﬁe
concentration of C03?' from the two experiments did not

match. There are two possihle-reasons for the observation,

one being that the KOH had simply absorbed, more carbonate in

. . .
the month between the first and second experiment., Ffor a

second explanation, consider the following equilibria:

52
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HoC0y === HC04" +ou j " (30)
HCO,™ == (057" + W* (a1

In acidic solutions, carbonate is converted to carbon
.dioxide and will escape into the atmosphere. Hhen basc .
containing carhonate enters the acidic environment of the
test solution, acid noutéa]izes the base and, dependiﬁg on '
the pH, converts some of the carbonate to éarbon dioxide
which then may escape the solution. In the oppos%te
titration, the acid entering thé hasic-titrate ned;ralizes
some of the base much more quickly than it can react with
carbonate and so little of the carhonate is converted to
carbon dioﬁidp; This may be why the first experiment gave
.Yower results for the concentration of carhbonate than does

the seacond.

2. _Equilinrium Titrations

Fquilibrﬁym‘xitrations‘wére defined in Chapter 11 to be

‘thoso inwhich the volume of titrant added to the test
solution-fof each data point is constant, thus enabling the
collection of many data pafnts in the Euf{ér regions of

these titrations.. In this way, the most reliable .

-

equilibrium information, 1.e..protqq dissociation constants,

complex formatd4dbn constants, etc., can be obtained from the
y T : ! . )

LW

%X - . ' !
. N . .




Y
titration data.

a. The Acid Nissociation Constants of Glycine

'The acid disSoEjation constants of alycine Qére
determincd by titratipn of solutions of the hydrochloride
salt of g\ycinp with NaOH, The hydrochloride salt of
““glycine dissocfaths in solution. to form protona{ed glycine
and chloride ion aﬁ shown helow. ‘ |

YHatCHATO0HCT ™ === * *H3NCH,C001 + €17 (31)

The contfihution of the C1° from this reaction te the';otal

ionic strenqth of the solution was takén:into account ;hen

Ibreparﬁng the sclutions. | | -
The glycjne,molecuie, when fully p}ptenated, is a

dibasic acid which 'diskociates according to equations 3?

cand 133, ; | ’ I fi‘
. . . " ) }
*HNCHLC00H === *HaNCH,C00" + HY o (32) -
s ; . :
THINCHRC00™ . Z=== HpNCHRLOOT + (33)
Vo4 e

. : . t\ N .
The acid dissociation constants which qescribe these

" Eat

' .reactions are defined as: 3 )
TH ¥ H3HCHA0007 1 _ |
Kal = + - : /7 (34) *
. [*HaNCY,C00H]
: /
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[H*I[H,NCH,C007] [H*32 - .
Kaz = ‘ — - - (35)
20 [*HaNCH,C00") Kay [ *H3NCH,COOH]

Kay and K,»o were determined by potentiometric titration of
acw(ifieq\solutions of glycine hydrochlorlde, as described
in Chapter 1} of this thesis. The constants @ere obtalned.
from the titration data witt\khe program MINIQUADBI. Al}lv'
so1u%ionsvweretitrated at a femperatufeof 25 °C andha& an
ionic strength of 1.0’2 (Na*)C1-, as described in Chapter
11. The concentration of glycine in the titrations was
about 0.02 M and was standardized as will be described next.
The glycine concentration was determined by dynamic
potentiomet&ic titration and monitoring the slope parameter
calcu]ated by YITRATE after each titrant addition to
determine the eqpiva1ence points. The first equivalence
point was due to the titration of free acid in solutioh. °
The second was dne~to tﬂe titration of fwo protons irom the
1igand.” Ueing the difference in titrant volume between the

two equivalence points, a concentration of 0.02286 mmoles

per gram of solution with -am average deviation of 0.N004S

mmoles per gram eolution (> %) was ohtaine%{ The relatively
1 ow precisiph was due to the relatively small change in pH-
at the equivalehee points.. B

_The K,'s were then determined with MINIQUADS1, using
valuesfoethef°.K".andmmplesfreeacihdeterminedfrom_

the solvent standardization experiments, as well as-the




f

experimenia] data from the ligand standardization
exper;mentﬁl The results are pfesented in Table 2 and are
compared with those of an interlaboratory study (63).. The
nature of tho equatyons used tgQ weight the 1nd1v)dua1 data
(equations ?fand_?ﬂ) is suchthat the values with larger

.

error associated with them, as indicated by tieif standard

deviaiion§, influence the final result to a much lesser v

extent than those with relatively little error. This

~

increases the confidence in the final result by weighing

more heav1ly tho contr1but1on of the values of whlch thcr;
is more certavnty and also by lessening tho magnitude of thp
;%ander devtatlon assoc1ated with the f1nal result. This

explains why some of the final results inTable ? and in

fo1]ow1nq tablns have associated with them smaller standard

f dev1at10ns than would he expected from s1mp1e non-weighted

'calcu1at\ons{ i .o"
Figure 5 shows typical'expgrimental titration data.

Th}”solid1curve$?thr0pgh the experimental points are
theoreticél curves .,calcuYated using the constants reported

.

in Table 2. : .

-

[y

57

b. The Formatfon Constants of Nickgl(ll)fslycine,CompiéXf!’”"‘

The,ﬁicke!(l!)-glycine‘syétem'haswbeeh extensively

studi?d.( An international interlaboratory study of the

bt




Table 2.
pK,, and Glycine Concentration and pkauDegermfhations
| Using MINIQUADE12.D

DATE/FILE

Conc. glyHC1C Py PKay pkaz
+MARDINO] 0.022774  13.905(1)¢ "2.468(4) 9.779(1 W
MAR10004 0.023208 " 13.905(4) 2.446(6) 9.773(3)
- MAR21003 0.023761  13.696(9) 2.32(7)  9.53(3)
MAR22003 0.n23006 ' 13.679(5) . 2.500(2) 9.680(6)
APR22007 0.0237281  13.723(2) 2.5n(4) 9.617(7)
© MAYN.INN) . 0.022330 13.643(2) 2.83(2) 9.553(8)
MAY030N2 0.N21940N 13.623(8)  2.843(5) 9.56R(2)
AVERAGE® 0.0229(5) 13.74(9) - 2.44(12) 9.£4(9)
wren.ave.f -s---- 0 13.83(1)  2.48(1)  9.74(1)
LITERATURES ~ cc---- 13.69(2) 2.43(3)  9.65(1)
- -

2Na0H] = 0.B754 M

BIHC ) go1vent = 0-0§9431 mola)
CConcentration in udits of molal.

‘ Q:dVa1ues in brackets

.significant digits of each value. -
¢simple.mean and standard deviatien not considering the
standard deviation in each individua] result.

,fFrom eQuatfons 27 and 28.
“SReference £3.

-
v

e the'standard deviations in the least



* 0.018 and 0.022 M glycine. Every second data point is

Soa

\

1l 1 i L L\ : 1 )
02 04 06 08 10 12 o
Volumg,mL
y
o ’

FiQure 5. Typical experimental'(tl titration curves and
corresponding theoretical (~) titration curves calculated

using the pKa‘s shown in Table 2 fdr solutions containing

plotted. . :
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comptexes was done' . (

]

67) and the formation constants of its

nickel,complexesﬂ‘as defined'by the following equilibria,

were determined,

’

. T
" where | represents

.

and Ni represents|

'

e

Ni o+ L

== Nil
’ ’l’ M
Mio+ 2L == Nil,
N o+ 3L == Nil,

-

The corresponding overal'l

concentratibn formation constants, designated by gs, are

defined as:

TN
]
N,
170 7 TNIn?
| TNilg)
130 T T

& t

(30)

(40)

(41)

Potentiometric titrations to determine the formation

* constants were pefformed as described in chapter Il nf this

thesis over a period of six weeks. Solutions were

*

8

maintained at a temperature of 25 °C and were of 1.0 g ionic

streani;NfredqminantJy Nart1l. Standardized nickel~ liqand,

and sd vent solutions were measured into the laige titration

cell tc qive splutions of between 0.001 and 0.010 molar

.

-_1'

the totally deproton\iﬁd»glycine molecule
Ni?*, ‘ o

-

68



~précipitate was visible by 1ongér than normal equilibration

i

glycine concentration and‘ﬁetween 0.0C1 and 0.007 molar:
nickel concentration having glycine:nickel ratios of between

5:1 and 1:1 ard a total initial volume of about 40 mL. For

consistency with previous studies, only the data collected

—

between pH ? and 9.5 was used in the formation constant
determinatjons, , . . e

If nickel precipitated from solution, the titration was

terminated. Precipitation could be.detected before the | o J

- . . i

" times and'drifting pH meter readings.

The data was processed with.the program MINiQUADPi_and_

the results are shown in Table 2. "Each titratipn wWas
tr;ated indiy;qﬁally. and the:g1ycihe bKa‘s; Ky» and E° were
kept cons?ant"ﬁt the values determiped previously (see the Lo ‘o
previous section). Laier, E® was re}ineq as it was for the

pK; dMrminations. In solutions with §1&¢ine:njcke1 ratfos

"of less than 2:1, the formation Eonstant for the Nit3f

species could not be determlned but rather was fixed at. an
average value determ1ned from tltrat1ons where the
glycine:nickel ratio'wasigrgater than 2.1. -Figure 6 shows
titr}tibn curve§’bolfected from titrations of solutions of -
g1yrine:nick®1 rarids of 1:1.A2:!, and 4:1 along wi;h the
theoretical curves, caiculated.u;ipg tge formation constanﬁs

determin¥d by MINIQUADAI..




. - :
e . -

2y

Tahle 3. . o
N . o LS
“Formation Constants Determined for Nickel-glycine Complexes
. ] O ' ‘ ~ N ]
7 . * ‘\’ 3 ; ./

T .

DATE/FINF L:M atio? Sum.Sq.PT0GRy1n “100R 70 y65}13p

ﬁ . L
Nﬂ&kiﬂﬁl 2:1 1:5 6.60(3)C 10.41(4) + ----9
MAR] 4NN} 4:1 5.5  B,R7(5) ° 10.47(5) 13.70(14V
MARTANCZ 2:1 1.6 T E.A5(4) . 1N.5E(5) 13.31(27)

MARTIANG: 9 1:1 « = | 2.6 - 5}7* 10032(0) e
APR22002 P21 0.08  £.61 10.32(2) 13.25(4)

Canpzonee 21 .0, B.S1(E)T 10.47(19)  eeen
©OAPRPZOPA - 0.7:1  0.04 £.6N(3). . 10.41(31) 15,80(72)
averaGEE Lol o s0e3(PY T 10.41(0)  13.6(2)
Wr'n. ave.t oo eeee L B.R1(3) - 10.41(4) 13:8(1)
LITERATURFS  Zon  aees 5.64(7)  10.30(0) 13.9(2)-
o o . . . .
' A . s ¥ R ot
doatio of 1iqanﬁ (L) to metal (M) in solution, '
brnbycym o< squares of thp residuals, defined Ch. II;‘_
. - CMumbers in brackets refer to the itandard deviation in the
- _last digit of the resu't Lo s ‘ '

d%ppcfos rejected by MINTAUADA Y. lnw-ligand metal ratio-’”'w

€Simple mear and standard deviation of 1nd1v1dua1 resu1ts,.
'not considering standard deviation of cach resu]t.
frrom equations 27 and 27, )

, @Qeferancevé3.

)
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06 08 10 12 14 16 * .
Volume,mL
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Figure .6° ‘*rp'ic'al expefimental (@) titration curves and
corresponding theoretical (—) tityration curves for ».
solutions i:ont'ainin,g glycime and nickel(11) in ratios of »
&left to right) 1:1,.2:1 and 4:1. ‘ ot ’ .
. s ' . o - - -
'y
- N
T, G ;
. R tu. - . ' .



.~ dutles and experiments. '.‘ o A" , T,

C.‘,Discussion_ T ‘ S ds/ B

- ’ . " -y

Titrations are still an important practice in’ both A*"
commercial‘and research laboratories. Sometimes this is ‘
_because a direct instrumental method is not available, but'”

.’in any case, it is generally accepted that hetter preCision
is bossihle with titrations Unfortunately, manual
titrations are t {me- consuminq and the results. ultimately

i depend om the skill of thd techn4c1an. ;

;, ’f"',‘ With the advent of af‘ordable technology the move to

i automation has become very attractive. lndeed in fields

. involvwng equilibrium studies, where hundreds of data pOints

.

:" v might be collected in a single titrationp.the automation of

the titration system has af'orded the sc1entist Yhe ab\lity
to collgct data which is more free of. human error.glt has

. ?\ a\so given him more time- for data evaluation and for other

. .-
qut o‘ the many automatic titration systems developed \

_ have been of either of two types First they were' of the.

,»',dedicated hardware variety. posstbly havinq somn_software 1 W

-~

o control (72 ,74), These ‘were the original autotitrators ‘and

-

v were denerally developed for‘commercial murposes. They had

}4__ ~’little or no capqlﬂlity for operator control over the course i

=

' of the titration, and most of these ﬁystems were uséd soﬂely

. - .4\

for end point titrations, . ST ": R -

~¥

Secondly, there have been the mi;A@omputer- (75 77)\and ’

: microprogessor cohtrolled (78 84) titration sya‘ems. These

K] .
0 e . . . . -

iy ‘e

4 K

- 64
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'm1Croprocessor,.hownver was limited ch1efly by the

afforded the user much more control over the titration

conditions and progress, but their set-yp often involved the

developm@n;lof c0mp1icated and expens1ve instrument

«interfacinq.. A bonus for these systems was that they could

be used for things other than t1trat1ons. such as for word

processvng, graphics, t1trafToF\s1mu1at1ons, and;§imp1e

. -

calculatlons. The extent of the calculations viable on the

~

ava11able memory Xndeed 'the First microprocessor-
t
ontro]led’autotitrators seemed .to bg not much moru than

l

'1expens1v9 models -of -those of the first generat1on.‘- d

‘ Pecenvlf the necessary 1nterfac1ng and memory
expanswbn technoloqy has hecomo commerc1a11y avawlab]e,

making the mvcroprocessor controlled titration systems more

.o

calculationsh even

attractives . It is now poss1b1e for nearjy a11 the titrat1on

+
- *

those prev1ous1y done only with mq1n rame

e, wvth a microprocessor. Th1s saves

*

conputers, to he d

time and money 1n at data need not be transferred to

another computer b ‘ore processinq, and the aécess to a

‘e .

.larg» comouter and the ﬁnterfecing for that operacion is no

~ -~ . -
R s
- N R - LR N L]

lonqor required.-.- ~_' STURS T

L .o "' ." . "“

The titratign system described in tpvs thes1s was,

y,g"

T devised to permit accura&e determinatfﬂn of formation and

P g .

~1onization éonstants in vartous chemical systems,,and also

- [

to allow the concentratdons of soiut1on compjdents to be

’, .\

determined The CQmﬁut@r and lts pronrams pfovioe control

-

over severa] tvtration paramet&#s, 1nc1ud1ng the anount and

L

.
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rate of titrant addition, recognigion df hardware error, and

'reaqing and recording of the titration data.  The Orion 701A

pH meter was used because it is equipped with a "data ready"

L]

signal which is used to eliminate the collecting of nonsense

siqnals from an unstable meter. The optical isolator aids

in eliminating electrical nojSe: The glass titration cell

.is‘temporaturf control Ved for ifs entire lenqgth to -

counteract the effects of varyinthemperdture*alonq the

1pngth of the electrodes. Thégglass {ndicating electrode is
bf the usual type-but i{of a_hiqh res%stancé 9lass éndhas
peéniféundto-give reliable pH.readings in thf range ﬁfi to
14, A doydble 3unc116n£SJiE. reference electrode which-

contacts the test solutien by means of a grOU?d'glass

Junction ratherthan &porou% frit was u%nd%o help reduce

O

and make constant the liquid iunctionwpotent1als.' Its outer
' 4

cell is filled with a solution of the same’ 1on1c strength as

tha’%est'so1ution to further reduce the liquid Junctton

potential and to reduca the. pffect of ]pakaqe df electrodew

“filling solution into the test so?ution. o > .

.

‘Js withall new svstems.th1s omewas ng thout\ts

2 ‘e

’ ﬁroh1em£ F1rst1y, it 'seams as thouqh very strongly h;zic

(qreayér than 2 M) titrant Wil react w1th the tantalum-

bur it plunger and. form a whlte pnec1p1tate an it. No i

',ranprecvab1e reaction takes ylaoe ifi\he titrant is'dilute

enbugn (1ess than 1 M) ;a‘a!:_ ' s
. « ¥ ’ N fow . ’
. Second]y,vit WS found that §f the burettt tfp was 4’

66

.
PR B



.

moved upor'down.the level oftitrantat thetip would
L ~

change. Thus, when the tip was inserted in the solution to

be'titratbd. air could be drawn up into it or titrant
solution could ne4expelled. When standardizing solutions,
this was especially important since it introduced error in
the volume of titrant delivered from the burette and $0 &
changed’the'concentration value. For @ precision of 1 ppt“
with an equivalence point7of 0.2 mL. (usually used), errors
of more than-nrp microliters,cannot be tolcratedz This

problem was solved hy'k:epinq the tip at one level and

raising and lowering the test solution. However, some data

were collected before this was discovered, and itvprobably '

contributes to thp relatively large deviations seen in the

“}l formation constants and ionization gongtants.

~ Another potential problem is the "sucking- back“ of
titrant through the burette ,stopcock into the titrant
reservoir. It was f0und that when the- titrant reservoir wa's
a?r-tight; i e. to exclude carhon dioxide, removal of
titrant to fill the buret created A partial vacuum in thei
titrant reservoir., Even thouqh the buret stopcock was
closed after filling the buret, it was not as tight as it

[ &l

_ . .
should have been_and consequently titrfnt could be “sucked-‘

,leCk"‘tO the reservoir through it. This had the effect of
cauSing hadly oscillating slopes (the relative change of pH

or mv, with volume oftitrant addedas described inChapter .

11) near the endpoint of a strotg acid or base - M

»

standardization tiq{ation. and was sometimes so bad that an

67
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endpovntbad to be pickpd ozﬁje basis of the pH or mV

"value atwhich1t wasexpe ‘toocfur. This problem was

‘solved by simp]y opening the titrant reservo1r to equalize
the pressure before each titr‘kioo Once the prohlem was

solved, " smooth slope changes@bﬁrc obta1ned when smal]

volumes of titrant were adde,'}v
. N i

-

fne of the murposesAoﬁf ing thuse-eiperiments was to

¢

validate the use of the IBM PC-hased automatic titrator for
determiming formation constants of metal-ligand complexbs

and ionization .constants of ligands. To this aim, it was a
su?cosssinceit iseasyto seethatthe values obtained for

the formation constants of. the Niz‘-glexne complexes shown
“is
in Table 3 fa]l well w1thin the ranqge reported }n the

literature (62) (except for fhat of thm 2:1 complex but

-

swnce there are only four sets of data toestimate this by

and a ‘ew were not ofa prgh enoqgh meta1-11gand ratiog to

]

be useiu1 this 11ﬂferen6e i not considered” signifrcant for

LA

'tﬁe Qﬁtrator) Me results indicate that

P

'-v

the.evamggtkﬁn

i /'g-'
the autom&L#e tvtrator provides reliahble data for use in

formatvon ano 16n17ation constant determinations. Pt is

simple to operate does not need o be constantly ;“}ended

_a;d will give good f\nal resu1t&

| .
It was also ‘ound in this study that éhe Nt(lﬂ) glycme

¥

{systemis a good oneto usein eva]uatingautomatic
titrators since it is will behaved and wel1 dotumented

The experiments presented-in this chapter of this

6




thesis were done to inveotﬁgate,the effectiveness 8f the
auto;itnation system described in thapter’ll, that B
conSigting main}y of commercially avai?ablé compbnents, for
determining equivalence point{ and equilibr{um‘constants and
to proue the n}ckel(ll)-g1y;ine complex to he a good'one to
- use to evaluate other such titration apparati. Havino béen.
‘eva1uat§d hy Several indépendent Waboratorfos and foundvfo

give conqtstent formatron constants on many systems, it

wou]d seem that thp n1clel(II) g]yc1n@ system 1s a good one

» -

.. for this task.- L

[ # Y ;.

F

v

Ty

‘ormat1on constdnts 4 Nt?‘-g1yc1np conp]exes ‘as um1ng that
only the prP estahlwshed equilibria r63) are import nt. ln“
cons1der1nq the posswln chemistry involved, 1t 1gemed aﬁ
L likely that some previously unreported species m)ght al;p

-~ form as was sugqpstpd by * N111iams and Fornie in the ahove

4

~§tu¢y - .-

.Q ‘ . The NiZ+ -glyc1ne titration data co]lected for the _"

titrator evaluation were rerun with MXNIQUADPI wwth sgvé’al
;;a; ‘possihle protonated and hydnoxy spec1e§'1nc1uded tn the )

o model' Species which were-repeatedly rejected by MINIQUADRI

or hawing greatly varying values for formation constants
' ‘ < : ;, U C et
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“investigators. The 1mprovement 94/¥he fit of the data to

were assumed to he absent?iﬁi}w least in veri l1ow abundance |
over the pH range studisd (pH 2 to 9.5). “ Additional
complexes fiot considered in evaluating the iitratign~data to

ohtain the constants listed in th1e 3 but which were

accepted by MINIQUAD®] when the data were rerun were the

species Ni?*(glyc'ine)u+ and Ni?*(glycine)0H™, designated by ey

the M!MIQUADPI formation constants 3111 and By1.1, ' f

respect1vely Tahle 4 shows, the results when these: specvﬂ!‘l

were inc1uded 1n the model and the format1on constants of

¢ ¢ ’
'

a]l snecies were re-evaluated.

¢ . . - :
Again, since the data was not co1lected with the
purpose o‘ determ1n1ng the best formation constan;s for the . ‘
v

Ni(IT)- glycine system the values ahove should not be taken,

gs-reference'values.

.

Further-axperiments will be done at a T

1ater date to ohtain these va1ues. - They _are reported only

to 1nd1cate the possible presence of specres prev1ously . . o

oy

Cnnsvdered unimportant or not considered at alil

at

by other:

<. ~

the theoretical model shows that these species are probably

‘presgnt and, in my oninion. tﬂa; the chem1cal mode1 is more

. A -' )
Complete when'they,are included. < . .
. ) . R
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I o Table 4.
Redetormiﬁe@ Valuns for the
vi?* _Glycine Format1on ronstants
. -/
Nata File 1098y1n . 109Ry2n -109Ry3n 109311_{ 106811
MARIANCT  5.50(1)2 10.21(1)  13.61(8) ----- 10.76(5)
MAPIACAT  K,.60R(2) 10,2pA(2Y 12,71(7) -3.31(3)  =-eu-’
- . MARIANRY  6.60A(4) 10.206(4) 13,81(1) <-4.05(3) . fe-eny
nna’ ' N r1b ; »
MARYIANNAT S5 568(4) 10.3A(1)  [13.80] -3. 6(3( ) eee-- :
v IMARIINAR  5.s240d)  1na3())  [13.e07 e 11M) . T “
o ‘APR?.”Q(V? CELETN(7).L100343(7) 12.76(2) -3, enm 16.52(8)
AVIPA(‘(‘ FE0(3)  10.26(0) 13.72(7) . 2.7(3)  10.60(7)
) T Avrf- 6,585(8), 10.285(2) 1370028 #a70(3) 10.72(7)
) LI‘TFRATU’R‘d 5.6607)  10.:38(9)  13.03(2)  --2-
JY - N T L .
h | Y )
o . y
, < L

" dnymBers in round brackets refer to standard déviation..
. 1 bNumhev’s i square brackets refer to values kept constanb

dur1nq the gtnxnunn91 reprament “of the formation constarts.
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« " CHAPTER'IV

e ——————————————

The Formation Constants of Zinc(11) Complexes

of Séleqted-Small Peptides

\

A. lnprgduction

-
v

- This chapter presents the results of equilibrium

studies done to determine formation constants of zinc(I1)

:complekes of three small, histidine-containing-peptide

Y1gands q]ycyT L fistidina. L-alaﬁ&}-L-histfdfne:_and

olyCy1-1-hxstudy1 L> lys1np : SR : =

For cach ligand, the results of the potent1onetr1c
d v

dpterminat1on of the 11ga%S S ac1d d1ssoc1q$kon constants

. .

dre f1rst presentéd. Then. the reSults of Iy NMR

experwments on solutions conta1n1ng metal and 11gand are

'doscribpd Follow1ng that are the results of the metal-

L3

11qand poLent1ometrﬁc e periments arld a section compar1ng
“{

the IH NMR and potentnometr1c resul;s. The cMapter_

concludps with a dﬁscuss1on of a;1 the results and the1r

. .
imp11ca£10ns. 4 .
. . . .
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"R, Results'

<

a. Tﬁe Aci& hi?socihtibn<Cohstants of, Glycy]-L-Histidipe

hav1nq the fo\low1nq dassociation relationsh1ps

A

.

]

Y

whose ' structural

.

1. GVycyl-L-Histidine Complexes
v . . o

.

AH,Z*

vAH”'

HA

= HA + HK*

=+ A" + H*

€ormu1a‘is shown below.

yl

H NCHngHCHCO

CH
2
¢

¢ N

HC

HN-CH

P
g

[H*1[AN,*)

Ful]y %rQ¢onated g1ycy1 L hist1dine is 2 trlde\C acwd

"-are defined by the following expressions:

,/\\TAH32 )

"

4

T (a2)
(43)
(44)

'.‘where A renresent? the fully deprotonated glyh1s molecule

. The macroscopic proton dissociatién constants, K,'s,

._(45).
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| [H*I0A] W23 -
Kyy = e = Y
23 [AH) KyyKgo[AH4Z*]

Kil, Kap and K, were determined in the same manner as was .
‘used for the glycine Ko determinations, ‘that is by

‘ MiNlQoADBi process{ﬁd.of potentiometric titratfon data.
Solutions Qe eLmaintained at a;temperature of!?ﬁ? Ceisius
throughoyt each titration. They were of 0:300 moIal

(Y*)NO - fonic strength and contained one pencent D,0 for

consistency with the JHONMR experiments. The concemtrftion .

of glycyl-t-histidine was ebout 0.0187 molal and jas~
standardized as will next be'described. Furtner experimental
details are‘giscussed in Chapter 11. -~

v : . ) . ., [

©  The concentration of the glyhis solution was determine d

by fitting potentiometric titrat'ian data with MINIQUADEI as
described in Chapter I1. The values used for the constants,

pKk, and E° weq;‘previously determined'fromlxiﬂET tréltment ’

“of sdlvent titration data., The E® ad pK, values used‘ﬁ%

' these-oalculations are,shown in Table 5 where the values‘

. were ‘weighted as shown by equations 27 and 28..The vaﬂue

used for pK, was 13. 745(5), whicw was the. ’éiqhted average

| 'of § values obtained from the solvent titrations. Since the

£° vaﬂue for the e1ectrode system chenged from day to day. -

“. poss161y depending on the level of filling solution present

in the outer compartment of‘the reference electrode

74

P )



+

Table K,

E° and pK, Values as NDetermined by

KINET Treatment of Solvent Titration Datad

DATE/FILE E'.(av) PKy,
JUNCONN? 405.0(2) . 13.728(8) '
JUK1 3004 206.7(3) 13.775(6)

v JUNISAOL-  810.5(2) 13.751(4)
JUN1£002 410.3(1) 13.745(3)

15003 110.1(2) 13.743(5) .
INr17OC2 . a10.R2(2)  13.9(7)P ‘.
Jua2aen] 4i0.5(?) l3.é(4)b
JUNZINOT 40P, 1(2) 13.6(5)"
AVERAGE . 13.75(1)
WFIGHTED AVFRAGES - ceomen- 13.75(1)

®Numbers in brackets represent standard deviations in

T 75

——

the Yeast significant digits of the preceeding values.
Valuces not included fn calculating-the average pK - -
since there were too few data points in-the high pH region
of these titrations to accurately determine this parameter.
Cfquations ?7 and“2R.

b
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and the rate at which it could leak out, the value used in

the -MIMIQUADST calculations was qbtained by interpolation of

those for the various solvent titrations.. .
. L]

‘The fffs of the resulting:-curves to the titration data,
as indicated by the sum of squares of'the residuals

parameter defined'in Chapter 11, Mere'then.monitornd aé»the

Yot

:élyhis concentration was varied. The principle behind this
is that a.more correct value for the mmales ofliigaad should
result ina better fit of the titration data to the

i simulated titration cﬁrve." In fact, as‘liifﬁmOIes_ﬂfV[igahd‘

is varied, there does occur one value whicth resultesin the

“mest fit of the data to the theoreticadl curve, as-shown in

. P e R
Figure 2. When the mmoles of ligand is increased or
decreased fromthis value, the sumof squares of the

. . residuals increases. In this manner, 8 glyhis concentration

&

of 0.N1P50% M with an average deviation of 0.00003 M was
obtained and used in subsequent calculations. -

.Once the glyhis concentration was determined,
L RN

WQTNIQUADQ} was qsed'to obtain its acid.dissdfkption

'

(] ' -

constants from the titration data. .In.treating the data,
the E° parameter was first made a ya}iable. Since the

~ addition bflsigand,caused a change in the solvent solution's

total fonic strength, even if only slightly, it was expected
»{ 1) E . -, . . - -

-

that the ES value might change from that determined by KINET
. ’ ]
treatment of solvent :itration(Fata: It was found'thaf the

final E° obtained differed by 1tt1e; typica11yfby,]eSs ;han

2 mv, from that previously determined. Then, the optimized

(4

v
¢ ' 7
- . an o
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LE° yalue was kept constant and the ligand association
constants were rerefined..  The results are 1{§ted‘in Tab]e

,

6. Values f0und in the literature (15, 34) are inc]uded

Sor comparlson.“‘All sum of sQuares of the re51duals were

. between 10'q and lﬂfln,'lnd1cat\nq, though sqmewhat

arbitrarily asdiscussed rnChapter }1, a very good f1tof *

the exper?mental data to the titratwon curve calculated

using the f1na1 assoc1at1on constants. -Typlcal tJtrataon~‘

-—

cunves”and those calculated from the resultdng,MINrQUADQI
association constants are shown in Figure 7, |
N » } . !\ e

1
, .

- b. The Glycyl:L-Histidine Complexes of Zidc . »/".

.
v

I 1H}NMQ;E*$priments L e ‘ RGE

M ’ \ P
. N »
LN . \"\ - .

S The H NMR'potentionetnié tftratﬁoh:experimenté‘were

-

— carr1ed out as descr1bed fn Chapter 11. Ligand solution

confainrnq 0. 015 M eghvs and metal so1ut1on conta1n1ng

n.00PP M 11nc were used to»prepave test solutions.' The oo

’

ligand tometal ratﬁos ofthe test sg)utions were-?: 1

v ! §",' ,
1:1, hav1ng 11gand concentrations of 0 nn1 to 0.010 mol " S

and metal concentrat1ons of between O Oﬂl and n 005 mo]ar

PR 0

were used. Solut1on 1on1c strengtn was maintained at 0 100

-

molar withNaN03 and wasone percent1n DZOto provrdea *5'V

lock signal for the }H NMR spectrometer.' The solution pH

> was adjuste‘d by git‘ﬁat an mth a concontrated §ol'ut'1_on- qf

. . - . \ . LR #
. .
. . . - . . . . . [ . .
v . ) N : hd t >

\ L Y . . - \:
3 Ay - . .
N .y . . , :

. " "
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_ Teble 8. : +
© GTyeyl-LeNistidine Proton Dissoctation Constants . ¢ *v

- DATE/FILE  Sum.Sq.® px, PRyz Py

JUND3IONY . 6.18 2.564(8) .6.756(2) - M13%(2)®

_JUuo§Oos 313 2.610(4) 6.770(1) 8.133(1) °

JUNIO001  s.e" 2.886(4) 6.770(2) p.)ag(;3 -

JUNII002 . 476 2.879(5) 6.776(3) 8.141(2)

L GUMam3 0.0 2.SUT) 6.763(6) 8.134(3)

© o JUNIT003. .25 T 2.602(7). 6.7R0(4) S.148(2)

" Jumzo000 1.56 2.564(3) 5.7537;%-\).127(;{;
JUN21003  4.83  2.600(3) 6.792(2) 8.145(1)

4

. — , il . -
T OWTAD AVERAGESS Cecoe T 2,81(1)  6.77(1)  B.14(1) ~
R YL 25 LR PRRRTEE X TR 20 AN X -

* L1t cees tgeeee U 679 820
. .
‘xo’:Sno ov squeres of the residvals, defined Ch.11. . .

" “Dyaiues in brackets represent the standere deviotion 1n .
tu. Tast Manificant: d’:it. L
Crrom equations 27 pnd ? N o ' R
lofortncc 34: 28 'C.. 0.2 motar KC1. : .
Cpeference 15: 28 °C., 0.16 melar KCY, '

\J
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Figure 7. Typical pxperimental (@) titration curves and -

corrubondh;g thcorct!v‘cﬂ'f(—)“tltri"i!'m cu'fves calculated

, using rhc pK '; shown in T-blc 6 for io!uttons contolnlng-

0.010 to 0 018 molal glycy\-L-hinidim. Every second

dau potnt 1s plctud. - s
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First. the ligand wes titrated alone in squtipn end ; K
. the resonance or tnec,n endc‘H protons ofthe imidazo e7?§” )
portion of the molecule were monitored by 1H NMR. As shown
in Figure 8 both resonances are singlets in the 6 - 9 ppm :
region of-the lﬂﬂﬂnj spectrum. The C,H proton has @ ‘
chemfcal shift Jf .bouiea ppm at 1ow pH where ihe i@{dazole
group is protonated while the.C4H prbtoh resonance is at
| .lbout'7»ppm at low pH. As the pH of*the solution is raised
’toliifﬁun about 1 pH unit of the eqdvelence point‘pH for the
titration of the acidic proton residing on the 1m1dazo]e
grbuo. the chemica] shift of these protohs begins to move
up‘ield of their in1t1e1 positions. This novement
ecceleretes on further pH increases until the pH 1s plst
that of the equivalence point for the t1trat1on of the f,‘
‘ Qroton-from the imidazole group. - As the‘pﬂ‘is 1ncr:e§ed;_r
"ffurteer, the rate of change in the chemical shifts of tﬁese;
- resanances &ecreeses qhtil they beeoée cqnstlni at about 7
and 6 ppm respectivefy. The 1ntensit1es of the resonenEeS
rematn fairly constant throughout the titretfon. Yhe ragult
is a pair of smooth sigmoidal tttration curves of chemicaH
shift vs pH, 1llustreted in Figure 9, which 1ndicates that
the glyhis s in fast exchange between fts various
_uprotonated forms. !n following discussions, these ~
“resonancés will be referred to ss free ligand or free

imidazole resonances. . o -
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‘ Then the,}ﬂ NMR. neaﬂerements were repeateo with 1igand

1n tne presence of zinc,' In al! 1nstances. on reacning a pH

of about 7 there appeared two additional singlet resonances
An the 6 to o S)M region of tne spectrum wnere the free

1midazole FLE and CQH resonances are foond. Tne two

- P

Atﬁgf‘:. ope was. located about 0.4 p

’éH resonance while the other was foyhgs/ about 0.4 ppm

5pf1e1d of the free 4H-resonance.' o 111u§trate. spectra
taken at several pH levels are “shown in Figure ln. ‘ '
.Bs the pH was 1ncreased tne free imidazole resopances
.shifted upfield due to the t1tration of the 1m1dazolium-
;ﬁgton. while tne cnﬁnicak shifts of tne new, resonances -
emained fa1r1y constant. Tnis constancy of the cnemical
shift of these resonances 1ndicates that they do not arise

. from the titration of protons from the ligand since the;

between protonated ano deprotonated forms is pH dependent.

This behavior 1s. however, consistent with that in whtch tne

vpfield of the free ;

dditional resonances uere of approx1mately equa) 1ntens1ty.‘

kﬁ'

chemi!Zl anifts of- tne resonances of & molecule in exchange '

ligand is in a strong complex.. The. separate resonances also

1nd1cate s1ow excnange of tne \ié'nd between this complexed.
form and tnat in which the ltgand is free.~ A structure has
*gbeen proposed 432-34) for a In(11)- g1yh1s complex which

-,

1nvolves tne deprotonation of the a 1% nitrogen.» Such a - _

' complex wou!d be expected to excnang
t1me sce?e. In tneﬂtnterest of clar{ y, in following

es of constant ~

discussions,_tnese,add1t1ona1 resona’
: R . /

. i, L. *
e LYY
. R R 1

>

'very slowly on the NVR :
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Figure 10, 'H NHR’sp@ctia of a solution of -0.005 molal
. .- ' ' *

zinc(ll)‘and'0.00S mola) gl&cyl-L;histi;}he st several”

+ >

pH values, Resonantes labelled 'f' are ‘due to 'fr#e'
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glycyl-L-Ristidine, aéfigidlfn the text.
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ch icaI shift will be re erred to as heing complexed Jl¥gand

)
or cnnplexed 1m1dazole resonancas. | /'

‘.
o In addition, the free imtdazo1evresonances of qlyhis in
solotions contafninq*zinc wnrghfounh at a ohémical shift
unf191d from the imwdarole resonances of glyhis in squtions
of alvhis. alomc.‘and the ifference.in chemical shl't»for
the resonancesjrntrr tw 'olu}1ons 1ncreasod as the pras >
raised. To 1l1ustratr /chemical shift data for the CZP and

-
Cq H protons of quhis alone and for a solution of Zn(h03

and g ths are showg as a funct1on of pH in Fvgure 11.

The intensvt1es oo" e free and complaxed imidazo1p €M
~and C,H rosonancns were measured 3s described in Chapter 11.
iytensitwas 0¢ both the comp!exed 1m1dazole peavs ]
1n9rnasnd at ahOut.the same rate as the intansitlns of thr
“free 1m1dazole poabs dvcrpasad Tynical relat1ve tntenswty

hehavior of the comn1pxed and €fee C,H resonances of the
1mida?o1e Qfglynisnisshbwnasgafuncfinn opr forkwo
dif#errni@1foanﬂ to metal ratios inm Finore 12. ’{ho CaH
proton reSOnancrs rxhihiteﬂ the same brhavior In the case
;of asolutlon ofa 11 1igand tometal ratxo.theimidazo1e -
resonances of frer glyhis became very broad and almost’
dﬁsapn»ared as thu PH was raised to about 9 but then became
oreintense asthe pHuas1ncroasedfurtherwh110 atthe ‘\
sane timo thn resonances of the comnlpxpd alyhis decreésed
fn intensity. In solutdons of a 72:1 ligand to metal ratio,

" the fraction of the coﬁp)exrd'1mid32910.resonance incrcaséir

[
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Figure 11. Chemical shift of the imidazole C,H and C,H
resonances of glycyl-L-histidine (glyhis) as a function

_of pH in a solution of 0.005 molal glyhis and 0.005 molal -
zinc(1)) compared with those of a solution of glyhis alone;
glyhis alone (A),‘complgxéd glyhis (Bi) and 'free' glyMis

-

.,(8‘), defined in the text.
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Czﬁ'resonances‘ in the ‘'free’ ‘(0) bandvcomple.xgd (m) form as
a function of pH for solutions of 0.005 molal glycyl-L-
"histidine and 0.005 molal zinc(11) (top) and 0.010 molal *

glycyl-L-histidine and 0,005 molal zinc(!1) (bottom).
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s the pH was‘raised'hbt‘nvver rose significamtly above 50

percent oVer the pH Eange studied. As in the 1:1 so]utions.

ae

the 1ntensity of the complexpd resonances decreased above pH_<

g hut never fully d1sappearpd ' - w;~
 Also) asthe Pt pf solutions of a 1:1 l\gand tometal
ratio was raised ahnve about P.5 a White precwpItate became
visible., "This was not seen in solut1ons conta1n1ng Blyhis

-

and z1nc at a ratio of 2:3.

IS

ii. Pdtentiometric Titration Experiments

The procedure used to colloct:potentiometric titration
data on so]uti;;s QOﬂtaiAing iinf and élyhis involved first
titrating a sb]utio% containing solvent and glyhis'to the_'
second équivalcnce point of glyhis, and then acidified
stahdard~zinc solutién was added gravimetricalfy‘to the
qlyhis solution. Solvent was also added, if'ﬁece§sary, to
furtHcr adiust concentrations and/or to'réauce tﬁn solution
pH.  The zinc/glyhis solution was. then titratﬂd The metat
ion concentrat1ons ranqnd from N.G07 to 0.01] nolal and the
llgand concentratvons ranged from . nl? to 0 nn? molal with
fjnal [igq&ﬁ to metak ratios of hetween 5:1 and 0.7:1. The
titrant was 1.0023 M KOH +0.0002 M avérage deviation, ;nd
contained 1% Na0 and n.300 molar KNOQ. Data were collected

_ in nYy mode to reduce errors - 1ntroduced by 1naccurate pH

meter ca11hration. Only data collected between pH_4 and 9.5

4 . Sy
f LI
N .
U |
g
A .
-
-

-
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. (200 to -200 mV) was uséd in determining the 2inc-glyhis , e

formation coflstants. That collected above pH 9.5 was

subgect to error from zinc hydroxide formation and

-

precipitation. This was esvecially ﬁmportant in solutions
' - Iy
S ef 11 ligand to, metal ratios or less. The onsket of

;. ' prec1p1tat1on couPd be detected prior to being visible by

ST the 1onger than u5ua1 Pquilibration times and drifting pH .

-'meter read1ngs Further procedural dptalls for these
pxpenvnts are outhned in Wer 11.

- Proton balancr calcu]ations, using equatians ‘48 .and 49,

“were’ done to determine the number of protons t\trate& from

-,

the ligand., As stated o Chapter‘ll. fvrst the solvéﬂt

solution is titrated, then 1igand solution Hf combined with

solvent and the resultant solutijen is'retitrated.‘ Then

. ) b

metal solution is added and the final solution is again

retitrated. The protons and base from all these titrations

. must be counted and equations 47 and 49 are used for this
purpose. ) S h
Q
» / T.h’eor. H* ' wtscH,‘,’S*th(XCL,L“‘CH;"L)*thCH*;M (43)
ot o . - Titrated H+ = COH-,T(VS*V‘LS‘VMLS) ‘ (49)
t ".

The'symbols VS; Vis ‘"d-VMLS represent the volume of titrant

., -

-
-

(T) used in titrating the solvent. ligand plus- solvent, . and¢~

4




vr

involved in the titrations -stated above such that.the . .

irhscripts S, L. and M designate parameters for the solvent,*

ligand, and. metal solutions, respectively.' The symbol Ca Ky

refers Qo the concentration of component a in solution b,

“using the same subscripts as for the Wt parameten. The

concentration of ‘titrant solution is expressed in molar

’ units while that of all other solutions is in molal units,

.v

tho reason for which is discussed in an earlier section.

The symbol «x refers to the number of titratable protons ony .
-

'the ligand and, as shown in the previous section of this

chapter. there are normally three titratable protons on the

-
fullv protonated glyhis molecule, all of which should'he

v .
. -

completely titrated before pH o,

*

. The' reSults in Table 7 indicate that an additional

proton is titrated frnm the ligand molecule when’zinc ion is
’present’in solution."tven in solutions_containjng'less
glyhis than metal. more protons. were tiffﬁted thangwere.
expected, Jandfthe amount corresponds,to approximately one
extra proton per glyhis moleculeL ' |

The data was then processed with the program HlNlQUADPI

as described in Chapter 18 using values for Kys E°, and the

" concentratjons of glyhia and zinc determined from previous

experiments. Those soTutions having less than a 1: l ldgand
: *
to metal ratio‘were not considered in these calculations.

lnitially,.E' was fixed at & value determined from solveht

titrations, then was refined to account for a change in E°.

. due to the combination of different solutions (even thoggh

A

-
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’resdlts*bﬁparpd with those which would be expected from
- . . . .

the §o1utions were all made to be of as simiiar anionic
‘cnmposifion as possible),  and then was kept constart at this
new optimized "value,

« The potentiometric titration 'data were the; anatyzed

- with "MIFINUADR] to obtain formation constants. The

procedure involved determining the best model for the
complexatioﬁfequil;brid Fy running the prqgfam in modél
“select mode. The best modej was chosen on the basis of the
fit of'the’gxperjmcnta; data to the médel as measured hy the

sum of squares 0f the residuals parameter. Only species

N
- that made sense chemically were included in this proces’s.

The species distribu‘t"i“oh' and H‘ation curve simulation
program COMIX wai_then run with the constants obtaired fron
the above analysis of the data to determine. the relative

. B . .
concentratiors of the varioqs species incduded in‘the model.

The %ormation cons€ants were then further refined with

3

MINIQUADSY by including only those species found to bhe at

"Teast ¢ pércent of the total Speciﬂs§dist}ihution at some pH

)

between plt 4 and ©.5. The final formation constants

€

obtained are shown in Tahle P. As stated in the previous

chapter, the ‘nature of the yeightfnq’rquations explains the
v ' A . hd ’

rnlatively,smafl”stanﬂard déviatian'seenvin the final

simple, nOn-weighied célculatiqns. Figure 13 shows typical

titration curves alonqg with corresponding curves calculated

" from the gonstants in Table B. A typical species

“*

za‘diétrjhufioanJot‘for.a.éoiuticn conta{ding‘ziﬁgiand glyhis

. 82
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Figur‘e‘lB. Typical experimental (@M titration curves and

cor(esponding theoretical (=) titration curves calculated .

from the formation constants shown in Table 8 for solutions

.containingngyéyl-L-histidine and zinc(I1) in ratios of

(IeAi to right) 2:l,and'l:l. Every second data point is

$

plotted.
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in a 1:1 ratfo, calculated from the final formation

constants determined for the system, is shown in Figure 14.

Fhose species found to be significant were Zn(glyhis),
Tn(glyhisk), Zn{glyhis),, In(alybis)OH and Zn(glyhis),0M.

Charges have heen omitted for simplicity. 1In the following
sectiono. !Fev aro sometimes referred to by thctr'formation

constant de51gnattons, f.e. #1910, 8111. Bi20. B11. 1» and .

817, respectively, where the subscripts represent the

stoochwomntric.coefficients of thﬂ components metal, ligand

and nrotons of the complex. A negative value for the .

protons implies either the presence of OH' on the molecule
[ 4

or the titration of more protons from the molecule than

e;péctcﬁ, j;e. protom(yuh\ch w0u1d not normally be titrated

from the free liqand 1tse1f For example. the species

4n(91yh1s)0P c0u1d actual1y he .of the form zn(eghisH RE

where an add1tiona1 proton has been titrated from the glyh1s
. molecule. Similarily, the species Zn(glyhis)?OH might also

be of "the form In(alyhisH_y)(g1yhis). “This is discussed

further. in the discussion section. There is'no way to
distinguish between the existence of either type of species
using MINIQUANP1 alone. e |

»Binuc]ear species of the t?pe an(g1yhis)‘ were

- repeatedly rejécted by MIN!QUADRI and were eliminated from

[ .

‘ -
. "
-

the modeI

L.

It was found that the inctusion o‘ zn(ou), sbecies.

using formation constants availablo in the litgrature

(€4), improved the fit of the data to the th;oretica] cnrve..

*»
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Figure }h.. Theo?etiéal‘ln(ll)lglycijL-histidine species o -
distriﬁufféns calculatgq using formation constants shown |
in Table 8 for a solution c;ntaining 0.005 molal each of
giycxl-L-hisfidiné.and‘;jné(ll). reported as percent total o
glycy)-L-histi&ine. The curve lepels‘identify species by
the 5ubsc%fpt§‘of ;héif HlNIQUADB!hférmotion constants,
define¢Aln the.text. |

-
.
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COMIX Specias distribution calculations using formation
consténtstfound'in the literatUre_revealed'that only the
;pecies,Zn(OH)"and:7n(UH)?,were in significant abundance
(gréater thani? percent of the total ;1nc concentratidn) !
over the nH”nange 4 to é,sl' To obtain format1on constants’
?orvthese conplexes in solutions o ionic ;trength
comnarable to»that used in this study, aliquots of stock
zirc sn1ut10n were titrated potentionetrica\ly and the data
was processed with MlNIOUPﬂB]. Value$ for the overall

' 'format1on constants for the spec1es Zn(OH)* and Zn(OH‘Z were’
"determined to be - 6’(1) and 11.44(1) respectively

\
_-and were used in subs=quent zinc(l!) 1igand formation

;]

constant calculations.

c. Comparison of 1y NMR and Potentiometric Results

The fnactions of the tota) q1&his present in the
complex which gives the additionai‘;et of slow exchange
imidazole resonances (F1gure 10) were calculexed from the
'ro1at1ve resonance intensities by the cut and weigh method ;
from'tne total weights of the CoH and CaH 'free ‘and CzH and
.tAH'tdmp!exed peaks L(fgictively.' The program COMIX was
_then used with the formation constants determined for the
In(11)- glyhis complexes in the previous section to simulate

species distributions for the concentrations used in the 1H

»

R
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-with'those‘ohtained from the 1y NMR experiments. .Those

.-

”

.NMR titrations. \Thg predicted concentrqtiqns~qere compared

species formulated as Zn(@lyhis)OHAor Zn(giyhish_l) and
Zn(quhis)?OH or Zn(quhis)(glyhisH SRL the evaluation of
the. potentiometric titration data were asSumed to be the
comnlexes giving the’ slow exchanqplresonances Al other
.species‘involv1nq glyhis. free and.compiexed to“zinc but not
thg'speoies'In(qiyhisPﬂ]) pnd“7n(glyhisi(quhish;1);ﬂwere
considered to contrihute to the 'free' ligand resonances in

[y

the TR HMPasnpctra

- Tables 9 apdln show the reSuits of these calculations.

_Hhile the tw0"snecie dist#ibutions did not, exactly match,

thn t rénd oi"free‘ ligand abundance over the pH range

studied was the same and conSidering the estimated errors of

.

+10% in ﬂetermininq}the,fractional concentrations fromethe

,arbds:oflthese resonances, the agreement is quite good. 1In
all cases.it was seenthat thefraction ofthe ligandin
.

the ‘free fform decrecsed as the pH was increased ‘reaching

2 minimum value at about pH 8, 5 to R and then increasinq

as the pH was raised further. For 2:1 data sets (Table ln)

i

the fraction 0f the. Iigand inthe free fomnwas at am1nimum
lt pH Q9 tg © 4 and then increased on further base addition.

The agreement betwern the potentiometric titration and

VIH NMR results. Tends support for the inclusion of all

5pecies in th proposed 7n(l -g1yhis model The nature of

tho complexes. P ticul' ily the Zn(g\yhisH 1) complex. is.

.considered 1n detai1 in the discussion section.

G



Table O,

Comparison of Observed® and Predicted”
Percentages of Glycyl-L-Histidyl Ligagd
in the FreeCForm as a Function of pH®

g

CASE 1 CASE ? ‘ CASE -3

pH Observed Preditted Observed Predicted Observed Predxcted
6.9 ccccccmncaeaa. - 9] S meeefeacncecan
' semececcconaan : e7 78 = eecceicncccaaa
7.0 ecececececnaas meececccean--- 72 ‘

--------------------------- 84 7.1
7.1 74 6P ecceemecdacras  ececcscescecwa-
7.3 ceccvccccanes ceemmemcccaaan- 53

--------------------------- 69 55
7.4 5% 47 = cesecmssesvea-

65 51 51 B0 2 cececcecamaaa.

7T [ eceecccannense | meceeescecesces 4? '

ceercecenaaa- cemeemmcaeenas 39 40
7.8 35 38 © . cececeecen--n-

31 34 33 33 meeccececencoa-

7.9 cccecccacaced | cccase--- e £

--------------------------- 28 29
Bl cecccecenecn-a- 31 . eeeececeaneaan

----- cemamen~ 45 25 cceemmccerentn
Be3d ccecccccnca-- ceemcmccceaana - 24

P 3 SR eeesececaanmn- 18 ©. 22
PuB  cecceca. —eme- 27 21 cecccssmmpocnls
BB eccvenes ceeea 24 2n ciecememmanacn
L B - 26 2? eeeeccccceccan

qcrom 1H NMR experiments.

bErom comiy calculations using the formation constants shoun
1n Table 8, .
no‘ined th text,

vKuimo1al metal and 119and CASE 1,0.002 mo1a1 CASE 2,
n 003 molal each CASE3 0.005 molal each,

e

S G



Tedle 10.

. Comparfson of Dbserved and Predicted
Pcrcont.’cs of Elycyl-LoNigtidy) Ligand

N 1n the

ree Form as o Functioh of pné

[ L]
1.0

Y.y
7.4

1.7
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. B

[ 8.1
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s 93
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) s
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0
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P s-

(X} L 3]

CASE 1-4: 0.002:0.60); 0.004:0.002; 0.006:0.003; 0.010:0.005.

.

CASE 4

CASE 2 CASE )
0 Predicted Observed Predicted Odbserved Predicted Observed Predicrec

D e O L L R e N L L L L L LR T T Y T T iy pupapupy
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7. L-Alanvl-L-Histidine “omplexes : : : .

+

¢

<
«A,  The Acid NDissociation Constants of L-Alanyl-L-Histidine

Fully protonitod L-alanyl-l-histiding is a tribasic
acid, chemically simflar to g[ycyﬁ-t-histidino.flts acid-

b#sg chemistry is described by equations‘A?Jto 44 found in

the previous section 6¢ this chapter, where A represents

the ful ly deprotonated alahis molecule.
0 0

H,NCHENHCHCO" |
CH3 CHZ ] " '

a

Similarily, the macroscopic acid dissociation constants of

“alahis are.defined by equations 45 to 47.

a L3

‘ The experimental condidions for determining these

constants were exactly the same as those used in determining

the const%nts‘of glycyl-lL-histidine. Table 11 shows the /

results of the determination of. the éoncentration of

L alanyl-L h1st1d1ne by potent1omntrlc titration and data

processing w1th MINIOU%DRI. ‘The avéragqe concentrat(/n from

nine determinations was 0.0244 molal with an average

deviation of 0.0002.

.

While processing the data, the program ACBA became

available. As described in Chapter 17, ACRA has ‘the

cdpapility of refining several titration parameters '

. . ~

—




' Table 11. .
MINIQUADRY L-Alanyl-L-Histidine Proton Dissocfation

. Constants snd Concentration Determinations,

1 4 _ : . d

. . v

DATE/FILE  Conc.? sumisa.l  pKyy pka2  ° PKa3

. » - ’
AUGI0001  0.02495  93.0 2.54(3)¢+9 6.69(2) 8.09(1]
-~

.

AUG10004  0.02476 2.7 2.78(3)  6.77(1)  8.03(1)°
AUG23003  0.02456 3.6 2.67(3)  6.71(2)  8.08(1)
AUG23005  0.02472 6.0 2.68(3)  6.71(2)  8.07(1)
AUG24002  0.02421 1.8 2.734(5)  6.768(3) 8.085(2)
AUG24004  0.02428 2.7 2.739(7)  6,764(4) 8.087(3)
" AUG25002  0.02431 2.5 2.69(1)  6.743(6) 8.068(4)
SEP1SN01  0.02408 7.1 2.743(1)  6.768(7) . 8.084(4)
NT'D AVERAGES®: 0.0244(2) ---- 2.73(1) . 6.76(1)  8.08(1)
- . . -

" ynits of concentration are meoles per gram solution.

5108 x sum of squares of the residuals, defined in text.
Cvalue rejected by the Q test (68). . . :

dvalues in brackets represent standard deviations in the
. ™
least significant digits of the results.

®From equations 27 and 28; equal weighting reduces \

concentration calculations to simple meanw and std. dev.

- .

Ed
.

1172




: e e 103

simu]taneously with 2 fairly high degree of reliablllty.
The ‘data colTected from the alahts titration experiments was
\Lifrocessed with ACBA to obtain the alahis pK ‘s and . |
concentration simultaneously.. The resu?ts. shown in Table
,12, compare favorably with those obtained with MINIQUADS],
'k concentration of 0.0244(2) molal alahis was obtained with
MINIQUADE1 while 0.0244(1) molal was obtained with ACBA, the '

numhers in brackets being the average deviation of~iﬁe least

K

significant digits of the result. Since ACBA is a much
easier program to use than'MlNIQUABRl for this purbose. it

" was used in further app1ications of this kind, and 0. 0244
molal was the value used for the ligand concentration in tﬁe
én(l!)-elahis‘format1on}constant,deperminations. _Typjcal

- titration curves, both-experiﬁ%ntaT and:those caléuldted

from the final proton dissociation constants, are diSplayed

ih Figure 15,

‘ »»c :

b. The Formation Cohstants of -L-Alanyl-L-Histidine

Complexes of Zinc

-

1. VW NMR E}pefiments; . ' ’f . *
IR ) ot Ly

The experiments were carried out in the same manner as
:described earlier for the zinc(I11)-glyhis system. Solutions
V*th'l1gandto metal ratios of 2:1 and 1:1 and having’ ;

i1gand concentrations of between 0.005 molar and 0.010 molar

-




. N . Syt s
© 7 Tablela. e
‘~Deterqfﬁat1;n of L-Alanyl-L-Histidine Proton Dissociation
‘ Constants and Concentratién with ACBA
. ' ' '(J .

+

" " .

DATE/FILE  Conc.® std.vev.b pry, PKaz .3

‘' AUGI0001 0.02457. 1.8 2.655(3)C  6.724(4)9 8.077(5)
AUGINOO4 0.02423  i.1  2.706(4). 6. 737(7) 8.049(7)

- AUG23003  0.02437 . 1.5  2.656(6)  6.72(1) ' 8.07(1)
AVG2300S 0.02448 1.8 2.554(6)  6.72(1) . 8.06(2)

AUGZ4002 -0.02430 1.0  .2.704(2)-  6.755(2) 8.081(3)
AUG24004  0.02434 1,1 *2.699(2)  6.748(3) B.075(4)
AUG25002° 0.07454 1.6 - 2.665(4)  6.731(7)  8.076(8)

SEPX§dOl 0.02417 1.1 2.708(2) 6.757(3) b.OBS(Q)

.

CWT'D AVERAGES® 0.0244(1) ----  2.667(3)"  6.75(1) -.8.08(1)

2
¥

,%Concentratton 1n units of mmoles per gr;n so!ution.
bstandard deviation in result. calculated by ACBA. .
Comitted from averagg - not onough data at low pH. C .

Yvalues in brackets are standard deviations in .

the least significant digits o1 the 1nd1v1¢ual‘rcsu|ts. N

eFroa equntions 27 and 28; equal weighting reduces - '
concentration c.\cu!at1ons to sinp!o mean and std. dtv.
s

> 2
‘ . .
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) and metal ion concentrations of 0.0N§ to N 010 molar were
.1:sed “The temperature of the probe was ?5(:0 1) °c, and

'-the prof the test'soiutions was changed with concentrated

W .
L .

NaOH, . |
nualitativeiy; the same observations were made in this

chemicai system as were made in the zinc(Il) glyhis system.

Two additionai sinqiet resonances were seen in the 1midazole
Freqion of the spectrpm after a pH of about 7 was reached.

Cne was located upfield of the free CoH. imidazoie resonance.

defined in ChapteQ,IL and the other ypfield of the free (C4H .
kfreSonance.' hgainf the chemical shiftswof these new peaks

remained fairiy constant over the pH range studied while

those of the_normal imidazoie peaks shifted with .pH as was

obserVed in the 7n!11i alyhis experiment. Typica1 lH HMR

Soectra at severai pH values are shown in Fiqure 16. /

' IntenSity measurements were not made on this system but
the qualititive vvend of intensity ‘with pH was '’ very simiiar
to that seem with the Zn(ll) giyhis solutions.‘<rThe |
intensity of the comp]exed ligand resOnances increased with)v
pH'whiie that'of'the“‘free"ligand resonances decreased

' until about’ pP 9 where all resonances became quite broad, ‘;
thep the complex iigand resonances began to disappear and
- the intensity o‘ the 'free 1igand resonances began, to be
) restored.. As with the zinc(]!) qiyhis compléxes, the-

1ntensity of the ‘free ]iqand resonances nearly disappeared

on reaching PH. 7 for 1:1 ligand to metai solutions.. o /

-
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Figure 16. 'H NMR spectra of a solgtion of 0,005 molal
zinc(ll)‘and 0.005 molal L-alanyl=-L-histidine at several
pH:values. ‘Resonances labelled 'f' are due to ‘free'

L-alanyl-L-histidine, defined in the text.
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ii. Potentiometric Titration Experiments

These experiﬁents’were performed as outlined in fhapter
I1 of this thesis. A}I solutions contained 0.300 molal
[K*INO3~ and 1% D,0 as in the the In(I1)-glyhis experiments.
The 1igand to metal ratips in solution were between 1:1 and o
3:1.° Theﬁbonélntration of zinc fn solutfon was between
0.00089 and 0.00258 molal while the alahis concentration _;-
ranged from 0.00188 to 0.00547-molal. The titran£ was 1.0105
£0.0005 molar KOH. The data were collected in mv mode and
only that between pH 4 and 9.5 (200 to -200 mV ) was used in
. determi;}ng the zinc(11)-alahis formation constants. The
onset of-zﬁnc hydroxide precipitation was closely mon{toreq,,

_ hj
the titration being terminat;dlif there were long -

equilibrat1on.t1mes or drifting pH meter readings, which:
indicated such precipitation. '

Proton balance calculations were done to see&f} the
number‘of proions being titrated from the ligand was the
same $§ that éxpected and the results are presented in Table
13. As observed in the In(I1)-glyhis s}stem, an‘aier:ge of
approximately one additional proton was titrafeq from the
1igand per 2inc(lI) dfon 1nisolut10m
' " The data was then proéessed to Eftermine the‘Zn(II)-
"alﬁhis formation constants.. This was done in the simé
'manner as for the data in the zinc(ll) glyhis system. using
MINIQUADBI first in model select mode. then using COMIX to

determine the relevant chemicai species.

‘Q
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“AapleN13. . ,
* Proton Balance Calculations for the

In(l1)-L-Alanyl-L-Histidine Chemical System

DATE/FILE .:;?; 15;3:{20;;” ??3::$E3f= DIFFERENCE MMOLES znz’}ogzgfggngtéo
. L . n
AUG10002 5.5:2.6  2.637 2.756 - 0.119 0.1323 -0.899
AUG10005 2.1:2.3  1.826 , ° 1.985 0.159 +  0.1562 1.017
AUG23004 . 2.0:1.8 1.286 1.384 0.098 0.1158 _0.846
AV623006 1.8:0.9  1.416 1.492 0.076 0.0675 1.126
AUG24003 3.3:1.1 1882 1.986 0.104 0.0947 1.098

1

AU625003 2.2:1.2 1.569 1.69% 0.126 0.0992 '1.270';‘

‘la;1oi of mmolal concentrations of 1tgand (L) and metal (M).
'Equatibn 48.
CEquation 49.

oo
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’ Again, the data was then rerun using MINIQUANSI with
“only tﬁo Qpecieﬁ ohtained frbm the above analysis to |
determine the, pcgf constants for the“systeﬁ. .Table,

14 show§ the final formation'conétantﬁ,ohtained from tﬁe

celculations and Fiqure 17 shows typical experimental

titration curves and the corresponding theofetical tiftration

cdrves‘predicted using the final MINIQUAD®] constants. A

typical species distribution plot calculated from the final
formation constants ‘or a ao‘utton of alahis and zinc in a’
1:1 ratio is shown in Figure 17,
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., ‘Figure 17. Typical experimental (®) titration C“'V°5x3"1%
corfesponding theoretical (—),titration curves calculated -~
' " R %

from the forma;ion constarts shown in Table 14 for solutions

. . cantaining L-élanylfL-histidfne and ziﬁc(li) in ratios of

. . (left to k}ﬁﬁt) 2:1, 2:1'ana 1:1. Each solution contains

.
.t\,

a different améunt of free acid and every second data point

is plotted.

L .
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Figure 18. Theoretical Zn(l11)-L-alanyl-L-histidine species .

distributions calculated by COMIX using”fo}mation constants

. shown in Table 14 for a solution containing 0.005 molal each

of L-alanyl-L-histidine and zinc(ll), reported as percent
total L-alanyl-L-histidine. The curve labels designate the
species by the subscripts of their MINIQUADSI formation
constants, defined in the text.’
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3. Glycyl-l1-Histidyl-L-lysine Complexes

a. The Acid,DiSsociat{On Constants of

© flycvl-L-Histidyl-L-Lysine ‘ .

*

. . When ful]y protonated, g]ycylfL;histjdy1-L-lysfné is a«
tetrabasic acid. One¢titra;ah1e'profon resides on the amino
agrdup of tho q1ycihe fesidho, one}onltﬁe amino group‘if the
Nysine rasidbp“ onvon'Thé imidaid!ﬁ‘ring'of'thv_hispidine
vresiduo anﬂ onc on the term1na1 carboxyl group of the
‘1YS1nﬂ reSIHun o e o xi ‘ ' Wi

Théacetatnsalt ofquh1s1ys uasused1n th1sstudy
 .G1yh1s1ys acotate d1ssnc1atﬂs in solutaon to form protonated
glyhvslys and acetate anion. . <1nce‘acetate has no
arprecvah]e complexat1on wvth zing (Yfl—lﬂI 6) in compartson
w1th that hetweon q1yh1slys and zinc, In(ll)-acetate
omnlaxes were not considered rn‘treatihg'tﬁ% titrétion:data
to ohtain forpation Eonsténisf ‘Also, the chemical shift of
',the mbphy1 resonénc9 o? acéticbacid Wa§ identiéal to that of
freé aéettc acid, conf1rm1ng that there was .no conplexat1on
"pf'7n(ll)'in the pr@spnce‘of g]yh1slys.v
The glyhislys mo1etulobcan Se dgscribed by the

following-macroscopic acid dissociation equilibria:

o A3t === AHy?* 4+ HY | (50) -
' fAH37* === AH,* + H' (51),
Aot == M+ HY o (s2)
v b '
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AH ‘=—= A~ + H* L (53)'
where 'A' is the fully deprotonated glyhislys molecu!e shown
follow1‘g
: -0 o ,
, g Ncnzénncncuncucw
5 €Hy ¢n, ,
. : : - C _ CH .
HC\’ \I/N é“zb
B HNCH CH,
4 . ) “Hz ) .
.The ac’id dissociation constants irg\ngined és fo]ldWs:
. ( . . ’ s
.fH+]rAH32+‘1 v ‘ : : ™ ?‘i
K - - Y . ,. . ) (54 o
al . rAH‘z:;*] . ) ,:‘ w\/“\ . ( ‘
COrHRIrAR,YT -
K = B (55)
*? . 'rAH‘;2+1 ‘ - .
» [H*I[AH] o | y
TH*I0A1 : N
Kad = - ” ‘ R (s7) \
[AH] - . ’

~
L]

Again, these constants wene determ1ned t1tr1motr1cally.

: hut owlnq to the cost of the liqand the experiment was i

»';caled down ahout/f1ve fold. A small titration cell, 5 to ¢
2N mL capac1ty, was huwlt and’used for these experiments,
It c?ngﬁsts 0f two compartments joined by a por0us frit.
One’sompér;ment-he1d the ‘test solution while the other held

a reference solution which, in this case, was solvent.

fﬁrther details.of its design and ‘testing are found in = . .




‘Chapters I1 and II1 of this thesis. The concentration of
alyhislys @sed in these titrations was abouf 0.014 molal,

standardized as will next be described. The KOH titrant

cbncentra;ion was 0.?2503 M with an average deQiation of

116

0.0001 M, A1) solutions were maintained at a temperature of

- 25° Celsius thréuqhout each titration and each contained
0.310 molal fK*]NOQ; and 1 p;rcont N,0, the latter for
consisténcy with {H NMR'experiménti.

Recause the acetate salt o‘_§1yhis1y§ was used, t‘e
‘proton qissociation behavior of this moleculte in solutions
of 0.30 M [K*INO;" and 1% D,0 needed to be determined. A

{so\ution of acetic acid was prepared in solpent, and
tﬁpra;ed witthOH." The tiiyatioh data ‘was proces;ed;with
ArPA-to determine the acetic acid proton dissociatian
constant, hKa. ’Asre§u1t of 4.500 with a standard deviation
of M.N12 was oﬁtained and used as a constant fn subsequent
cpicu]atfdné.‘. - B |

ACRA was thgn'used‘tq,simulfanGOusly determine the

.concentrations of liqgand and acetate in the stock solution, -’
. Fa )

as well as the ionization Qénstants of glyhislys. The

e - - »

results are pneseﬁted'in»Table 15.. The pKa used for

‘<;acetate was kept constani at 4.5009. Typibal;titnation

curves, both éxperimenta1 and, calculated from the final

pK?’SQ are shown.in_Figure 19. -
It was ebung that the proton on the amino group of the
1ysine»ré§idue,”who§e pKa was found to be 10:482 with- a.

'standafd deviation of 0.003,‘wa§ not completely titrated
Ve ’ - : .
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Teble 15.
Determinatfon of the Proton Dissociation Constants

and Concentration of Glycyl-L-Histidyl-L-Lysine?

DATE/FILE  Conc.® - pry, PKyz  PRa3 Kya
FEB2900  0.01360  2.926(7)6.513(4)  7.879(4) 10.482(8)
FEB29005  0.01359. 2.80{4) 6.50(4)° 7.85(4)  (10.482]

FEB29008  (0.01360)% 2.79(5)  6.49(5)  7.83(4) . [10.482)
MARO1002 [0.01360] 2.49(2) 6.49(2) 7.86(2) [10.482]

- : . S
AVERAGE® 0.01360 - 2.91(1) 6.51(4) _7.88(1) 10.48(1)

-

%Calculations done using ACBA.
}bConcentrations are in units of moles per'grau solution,
Cvalues in curved brackets are the standard deviations in

the least significant digits of the individual results.

- dvalues in square brackets were kept constant during pK,

.’ 4

£

calculations, ‘
®From equations 27 and 28; simple average for concentration .
result. v . .

~
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.Flgure 19. Typncal cxperlmennl (0) tltration curvcs and
 ‘corresponding thcoretical 6—) titratlon curves calculated

uslng the pK 's shown ln Table 15 for solutions containing
- 0.008 to 0 Oik molal glycyl-L- histldyl-L-lysine. Every

ucond dau‘ point is plqtted : : ,

o
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te,

.concentratfons of meta1 and 11qand to below mmolal range.s

. 3 B ’ v b L : ““‘»"v,
N Y . ' ‘

~

unt1l aftpr ahout lel, well past the reg1on of Zn2+'.5}

‘ q]yh1s1ys comp\exat1on. Thus,,it was considered to bnia

non- t1tratahle proton and'vts'd1ssoc1at10n’vqu111brium nas>

+

e1in1nat9d from the chnmical model and 1ts comp]nxat1on

"calculat1ons : T - e \-‘

Th#s not only a1ded the calculat1ons by s1mp11fy1ng the

chemical- modeI dut helped in performwnq the t1trations “The

(II\ g]yh1slys Pxperiment was performed by addinq measurod

amounts of. acvd conta1n1nq mptal so1ution to the t1trated

'11gand so1ut1on and then ret1trat1nq the comuwneﬂ solut10n

as has been doscrihed in rhapter ll If the l1gand was

complﬂter t1trated 1nc1ud1ng t1tration of the 1ys1ne

i 4/Tdua am1no proton the~resu1tant so}utlon PH was so h\gh
that

add1t1on of normal amounts of z1nc sa]ut1on and solvent

were not enaughto‘fowerthe m{of thesblutﬂon toan E

) acceptah]é level. Add1ng excess so!vent lownred the ' ' T

» L

- -

Since t1trat1on data for the evaluation of Zn(II) gtyhislys:

“ormat1on constants only needed be collected between pH 4

and,anout 9, “and sinte the lysine proton had 2 pk, of ULAQ?
:0.008.f411 11gand titrations after the first one were

terningted at about pH 9.
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b. The Formation ronstants of

G]ycyl-L Histldyl L- Lysine Comp1exes of Zinc.

i. }H NMR‘Fxperiments ' "

Ty NMR t1tration expertments were, performed as
/

'described in Chapter 11. The concentrat1ons of metaX and

‘119and were between 0 00179 and 0. 00403 molal zinc and

between 0.001£0 and 000521 molal- glyhis]ys Aga1n,
solutions were of 0. 300 molal (fk*INO," and were made 1% in .

D,b to prov1de a lock s1qna1 for the spectrometer. The
*
temperature of the«apectroneter probe. was 25 0. 1° Fels1us.

o~

A behav1or»sim11ar to that seen in the Zn(ll)-glyhts

» and Zn(II) alahis systems Was also seen in the IH NMR
‘spectra of these solutions The benavior of the 1midazole\
,C?H and CgH. resonances dur1ng the titration of ligand

--solut1on a}one i.e. the Mfree" imidazole resonances, was

jdentica1 to that seen for glyhis and alahis. S1m1lari1y(’ :

<cat about pH 7 and in the presence of zinca add1tiona1

resonances were detected in the 1m1dazole reg1on of-the

'spectrum However. unlive the Zn(Il) glyhis and Zn(II)-

'alahis s1tuatlons, two new pa1rs of resonances were’ observed

¥
for‘the r2H and~C4H protons of the-imidazole .group.:
Each resonance of one pair of resonances was located

about 0 4 ppm upfield d* the 'free' imidazole resonances.

'-just as was -the case with the Zn(ll) alah1s and Zn(II)- - .

glyhis 1H NkR spectra. Each resonance of - the second set was

\



‘free"imidazn1c_pqaks'decfe;sed while .that of the complexed

~displacement of the 1iganﬂ,from the metal. Displaceme

the 1igand by hydroxide fon has been recorded 1n the

171
L

Iopated‘abput 0.5 pph vpfield of those of the first-seL

The chemical shift of the 'free' resonances moved upfield as

the pH increased,-as expected, but that of both pairs of

complexed resonances remained constant over the pH»fange
© studied. .Typical 1y NMk’spectrp-showing the chemical shift

_behavior of the imidazole resonances with pH is shown in

Figﬁre ?0.ﬂ Graphical representapion‘of‘the‘change in
caemita1 shi‘téiof‘those resbnancés,"free' and complexed,
with pH is dpnicted in Fiquref?ln | ‘ A
‘Thé.reiétive ?reasrof'thé‘variouﬁ‘resonances for 'free'

and complexed quhi;lys:mere determintd using the cut and

'weigh method and typica}‘plots‘of the results-are shown in

. Fiqure ?7. As the pH was increased, the intensity of the

“« -

imidazole peaks increased. " The intensity of the second set’
4\‘ . ' . ' . B .
of.comp1exe&)imidaiole peaks was 2always about 390% of that of

the first set of comp\éxéd'imidazo1e peaks, until about pH 9 ‘.

when a11 peaks became too hroad tq‘accurately'measuren ,
Also, 1nsolutipns of a2:1 metal to 119and'fatio, thé
fraction of the 1i§$nd seen to be in the'free; form never .
fel 9jgn1ficant1y*below 50%, within the accur;cx of the
area dbterﬁination,(¢l”% dué to“woigﬁing and instrument
errors),"At PH greater than about pH 10.2, thé résoﬁaptes

for complexed glyhislys disappeared and the resonances for

'free' qlyhislys reappeared, probably due to

o‘

4
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Figure 20. 'H~NHR ;pectr;‘of“a solution of O.DOS molai\ o
e z{nc(lf)‘pnd'o.oos;mol;l glycyl-L-histféyl-L-lysine at’
! ;eVeral pH values. Rasonancci labellqd'ff' and";' are due
" to 'frde‘:ind ‘complcxed"giyéyl-L-ﬁistidjl-L-lystné,‘

respectively, defined in the tdxt.
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Figure 21. Cﬁemical"shift of the imidazole Czlﬂ' and C‘.H
‘resonances of glycyl-thistldyi-L-lysiﬁe (glyhislys) as o
" function of pH in a solution of 0.005 mélal glyhislys and
0.005 molal 'zinc(ll)l’.’ compared with those of a solution of
glyhislys alone;.gly!‘\l.s}ys’ 'alon'c‘(l). complexed glyhislys
(®2), and 'free' glyhiﬁ,ly'im', defined in the text.
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Figure 22, Fraction (3) of the glyeyl-L-histidyl=L-lysine

" (glyhislys) imidazole C,H resonances in the 'free' (@) and '

complexed (W) form.as a function of pH for solutions of
0.005 molal glyhislys and 0.005 molal zinc(l1) (top) and -

0.010 molal glyhislys and 0.005 mola) zinc (11) _(bottm)

N

Vo

\
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. titerature for,pther zinc-ligand systems,

ii. Potentiometric Fxperiments

On completton o‘ each potentlometrtc tltrat1on of
glyn1slys and subsequent data process1nq .by the program
ACBA, enough standardized z1nc solution was added to the
titrated 1igand solution to reach a predetermined Jigand to
metal ratio. So1vent solufion was also added if'necessacy.
“to further lower the pH to aboot 4.0 and to adjust the
component cbncentnations; Efforts werefmade to closely
approximate the concentrat1ons used in- thc 1H NMR ™
expervmentsf, Thus. Tiqand to metal ratios were either 2:1

)

or ]-l with the f1na1-119and concentrat1ons being between
n nn]o? and N.008AQ mola] and metal concentrations of"
between n.NN1RAG and 0. 003R“ molal A solutions were 0.300

" molal in (¢* INOJ™ and were measured it 25° Ce\sius.

125

Tmtrat1on data co1lecteo hetween pH 4 0 and 9.5 (Qetween ?nn ;

and -?00 mV) was used in determining the Zn(I]) glyhislys
formatian constants with the program MILIQUADBI.

Tahle 1£ shows the reSults of the proton balance
calculat1ons done using equations 49 and 49, just as we e

done for the Zn(!l) -glyhis and Zn(ll)-a]ahis systems

Again, the basis for these ca]culations was ‘that xhe mmoles

¥
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0f hase used in atiirlt#on shoulﬂ-bé'fhp same as the mmoles

of lagand timos the number of titratahl;,protons per l1gand

molecule, which. as was: discussed 1s thret for glyhislys.
Re]cvant 21nc(ll)-q1yh1slys complnxps were determ1neﬁ

‘
select mode as has heef. dnSCribed prev ously. Species

by runn\ng MxnxnuAnrl wvtq‘the t\trat):y data jn mode 1
'thought to be ge]evagt iq thr Zn(ll)-g]yhis and 2nCl1)-
alahis s}sgemf\wére ;Yso found to be important in the
2n(11)-glyhislys sysfomz atpng with a Zn(d]}his]ysMOH)z o;
2 (olyhislysH_,)nﬁl and a Zh(quhislysfoH? species. The
hyernxide spﬁcios ZnIOH\‘ and Zn(OH)? were also included in
}he morel, usdng thp,vaIUﬂs of 6.62(1) anﬁ 11. 44(1)
determined oarliér.qs thpii ELNIQUAnFT formation constants.
Values for each of the formation constants were

ottained, but species Zn(g1yhislys) and Zn(glyhislys)?'Qeré
often re1pcted by MIMIQUAnPl, mak1nq their va11dity highly
q“nstvonab1e The averagps of the rough values for the

formation constants of thesp species obtaihed in the model
selpct runs were used in the program COMIX to determ1ne
their appr0x1matp‘re1at1ﬂe dieribthons over the pH range
stuéwed. Any sp c1es not forming at least 5% of the total
wconp‘enent of sp»cias at some pH was rejected from the
f model. ' . '

of the ahove, Zn(glyhislys) and Zn(glyhislysH) were to

be nl1minatpd by this test, but were ‘retained because |
althouoh thcy may not bo very abundant in the system they

were thought to bo/necessary to complete the system model.

|
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3

The species Zn(glyhislysH),, thought to he a minor solution

Vv . (53
component, never reached qreater than 2.09 gf the total

'

Folution'composition at any pH and was rejected. from further
ggﬂsidpﬁation. The species Zn(g?yhﬂs1ys)(g]yhis]ysH_l)
showerd a maximum ébqnd!nco of just over 5 percent.and SO Was

retained hut it was viewed with some scepticism. Therefore,

the specfeé'found to be important were - N

.

7n(q1yh§slys)(9?yhis]ysH_i)t 7n(olyhislysH_y),
7r(glyhislys), Infglyhislysk),  7n(glyhislysH_;)OH, and

In(glyhislys),. , Again, thes snecies

s

7n(q1yhislys)(glyhis1y§H_1),'7n(n1§his]}s), and
;;(Qlyhislysn) wore5inc1ydeh tovméximize,tho fit of the data
to the theoretical titr;tfon curves and to complete the
snuciés distrihutions: ;Thouﬁh they were not-abun&ant by ;hef
fO“IY qalcu’atiqns, they WéFe necessary for a good fit.
Powpver..duo to their low ahundance, only‘an apéroximatp
‘value for‘thE formation constant was ohtaiﬁed a; %
indicated hy:the;;anqe of values listed in Table 17.

‘ MINIQUAN®) was then rerJn witp only these species to . ,)'
ohbtain the hesf cbnstapts possible for this chemical mode)
and the data collected. Table 17 shows Qhe'finaj'rcsults
and Figgrh 7?2 shows, the exppriﬁéﬁta] t+trqtion curves and
corkesponding Eurves predi;tpd?hy the abbve constants for "~
one 1:1 data.snt‘and oﬁe 2:1 data set{ Typita] specieg
distributions for the 1:1 mepal:iiéanq system are shown in

- . ~/

Fiqure 24.
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Figure 23, Typical CXDerimental.v(A‘l) titration c’urvesv aﬁd
corfesponding theoretical (=) tftfation curves calculated
from the formation constants shown in Taﬁle 17 for';blptions
containing glycyl-L-hfstiaylFL-lysiné and zinc(ll)'in’ratqu
of (left to right) 2:1,k2:l.and 1:1.‘\Each solution contained

a different amount of free acid, every second da;a~point,ié

plotted. : : -
t . » .
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Figure 24, Theoretical Zn(11)-glycyl-L-histidyl-L-lysine

(zn(11)-glyhislys) species distributions calculated using

the foramtion constants shown in Table .17 for a solution

containing '0.005 molal each of glyhislys and zinc(l1), ".
N ,

reported'as percent total glyhislys. The curve labels.

identify species by the subscripts of their MINIOUADBY

.

- ’
formation constants, defined 'in the text.
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c.. Comparison of IH MMP and Potenfiometrié'kosulgg

~

~ The In(11)-glyhislys formation constants determined in
the hreVious section werb.hsed in the programlchIX to
obtain theoreticai'relatjme distrihption§ of the free’ and
cbmpléxgd ligand as a function of pH. Free and complexed

are defired in the same way as they were defined for the .

) 7n(!l)-giyﬁis and Zn(I1}-alahis systems.. T -

.
'\

Cémparison of the v mmp and potentiometri¢ results was

L3

not as straight forward as it was for the In(I1)-glyhis

M. ' " . . : L. .
complex system hecausc there are two addwhnonal~complgx
resonangéé and there appeared to be some exchange betwcen

the two new complex types, indicated by hrogdening and

distortion of these signals. - The results gre shown in

Tahles 17 and 19 and wiTl be discussed in a later section,«

. i s 7.
In Tahle 12, where the solutions studled~contained'zinc and -
1igand in a 1:1 ratio, the free ligand resonances complatély
N v r 4 - . . . : ’
disapp&ared on reqahing pH 7. - .
- ’ ' ‘ -
- A
. B A el X . .
. Yot
L ) O
» ‘ e ,
. % . YA
) - ] , ! ) ‘. "
‘. . »
L 4




N
“Table 1P,

, Compar1son of Ohserveda and Predictedh
. S Percentages of FreeC Glyhislys: - q
T “in Solutions Conta1n1ng Glyhislys and Zinc(II)

~w

CASE 1 ' CASE ?
’ pH Observed Predicted Observed Predicted
. S 6.50 8% 78 - R2 ) 7 h
665 T 69 . s ’
) L 6.1 62 58 48 . 5
. , ‘
- .. 7.008 27 46 e~
A" , _ .
\‘x
gFrOm g ner experimohts. - ’ .
- "YFrom COMIX treatment of formation’ constants shown in -
Tab]e 17. o
Cnefined in text.
tquimolal metal and 11qand -CASE 1,0. 002 molal each
Cﬂsroz N.00A molal each.
€No free ligand determined in NMR spectra above this pH
“ W . g : . ¥ ) i I‘
I s t Fs - : -
, _ \ l
J /



Tahle 10,

134

‘Comparison of Observed and Predicted ‘ .
~ Percentages of Free Glyhislys
in Solut1ons Containing Glyhlslys and Zine(11)? .

pH

CASE 2

Observed Predicted Observed Prediqted

£.50
6.€0
FLEE
£.79
6.85
6.95
7.35
7.51
7.60

7.85

[0

10
R.?20

P.35
P.55
8.65

8.80
9.10
9.40

~

CASE 1
a2 £3
70 77
75 73
71 69
46 60
44 54
47 52
63 51

qnefinitions as for Table 17.

concentrations as*follows; CASE 1
0. 005 0. nOZS molal.

CASE 2,

e ---—w -

----------

60
57
55 .

on
~nN
3

Solution gTyhists:Zn(lf)

c.004:

.

0.002 molal:




C. Niscussion

Theiphfpdscs‘of the experiments qpscribed"fﬁ this,
‘;habtn; wefg (a) tOJdetermine_if zinc(11) binds strongly to
\_Sm&jY pebtideS in which ﬁistidino‘is.the second amino acid
from tho M- termwnal end and (b) to try to elucidate the

nature 0¢ thp complexes which do form. It has bpen reported

. (15,32-3#) that zinc(11) binds to g1ycy1-‘L-Msti'o‘1ne with a -

' nroposed 11gand denrotonat1on at the amide n1troqen. as has

heen pstahl1s@£d for several other mntals with this ligand
(1521)., By cempar1nq the rosults of TH BMR de )

potentiomotric experiments, it was hoped that this

're1atjonsh€p betweon ginc(ll) and smal] h1st1d1ne-containing,

pentidds. whi;h might mode]l the,N;termina) end of thg heta
chain pf the hemoglohin molecule, could be further verified.
Proton hal?hcp calculations indicate that an extra
}foton is being titratod per glyhis for each ziné(ll) ion.
present. In.solutions of less thaﬁ 1:1 mole ratio of glyhis
to zinc(ll),‘thg fraction of excess protons titrated from
the complex fs.ﬂétween n.78 aﬁd 0.93, which corresponds to
‘«_thé‘fitri}ion of'aniaddigioﬁa] proton from the ligand per
zinc(11) atom present. Thé fact that the fraction of excess
protons is less than 557~of the total ligand pfesent might
he due to the formation'dffzinc'hydroiiﬁes be‘ore cbmp\e{e
;zinc(ii)-liqa#d:comp1éxa;ion Ein take place. The results of
“these calculations are consistent‘with'thelhypothesis that

the amide proton, not normally titrataBle under the *

- £
&

13




cerditions of the experiment, is being released on binding

to z1nc(II)

Dur1n0 the potent1onetr1c and 1y mmp t1trat1ons.
prec1p1tate is seen ahove pH .5 in solutions containing a

1: l mo]p ratio of_gt{ﬁﬁs or a1ah1s to zinc(ll) 1nd1cat1ng-
that some forn of.;vrc h;drox1de or another 1nso1uh1e z1nc
comp]ex is beinq formed{ A]so, the same precipitate is seen
in any In(l11)-1igand solution of mole ratio less than 1:1
but not in thosé when the mole ratio is even slightly above

1:1, The sanmc is observed in'potcntiometric‘titrations.

Fither the mole ratio is actudally somewhat less than 1:1 and

‘free zinc(l1) is forming its hydroxide or hydroxidz is being

incornorated inio the Zn(11)-glyhis or Zn(11)-alahis

complex. The lattar would not liPe]y be-insoluble since it

“ is doubtful that the comp]ox cou]d achiave electroneutrality

at a pH ahovp-”.s where t@e precipitate is seen,

Recause the atove precipiiatc appeari_in soluti&ns at a
fairly Vow pM, COMIX-calculated species distributions for
the 7n(II)—1jgand systems were recalcuiated‘using pbblishod
In(0H), constants (f4), and the species 7n(0H)* and Zn(ﬁH)z
were found to‘ho ahundant over the pH range of interest.
These formation constants were then determined in our
)aboratory for the ionic conditions of the Zn(I11)-11igand
experiments. They bompared well with those of the

Yiterature and were used in further calculations. Their

o inclusion in the chemical model for the system improved the

fits of the data to the theoretical curves sometimes by as

136
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much as a factor of ten in the sum -of squares of the
resuduals. | '
‘ The chem;cal model’s determ1ned by the potentionetrlc
titration results are shown in Figures 25 to 27. Structurn
1v 1llustrat=s the proposed nature of the. blnding of Zn(!l)
to these ligands in the .complexes where the amide nitrogen .’

is deorotonatnd,‘i.e. in those complexes having formation

constant cesignations gyy_1.

L "N i ‘ v

in this fiaure, Ry is 2 proton for fhe nolecules ZH(II)~

clyhis and Zn(lI)-g!yhis1ys.anq CHy for In(11)-alahis.

Similarily, R, is the carboxylate group, -C00" for-the
\molccu1es In(l1)-glyris and Zn(ll)-alahis and is the 1ys1ne

Fl
res1due(-CdﬂHCH((CH2)ANH3 )JCOO0~) in the molecule Zn(ll)-

glyhislys. It was determined that this proposed structure ~—

is feasible, since these complexes can be constfucted yitﬁ

+d a

Spgce-filling molecular models. . '

Meither the reSults'of the potentiometric eprr{hents
ner the JH MMR experimentsécan exclude the existence of 2:1
complexes, though such comp1exes‘where both ligapds'haye had -
an excess proton, i.e. the amide proton, titrated from:them

is extremely unlikely. Indeed, the resuits of the
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potnnt1omntric Pxper1ments indicate a definite presence of ‘ TN
A ™) ‘ . '.‘ ]
Y conp]nxes._esnec1ally 501utvons containing at least ‘ i

1

‘tw1co as- much l1oand as mntal ' St111 the proton balance

calculattons show that only one o‘ Lhe I\gands may be am1de

Al

deprotonated on binding to z1nc(II), Evon with the lwgand
' alyhislys, where the possibility exists of titrating two

‘ahidé“prptogs'on a single molecule, only one additional

L'y

proton: is tit?atgd. This 15 fuffhefvsuﬁstantiated by the.1H7

€

HMR titration resu]ts‘in that solutions tontxiﬁfng twice as —
much liqandias mbta]Vhever show significahtly hofc-than‘bajf
‘of thc 1m1dazole resonancos n the complexed, slowly f“f

, oxchang1nq form. - Thus, thprp 15 probahly little 1 complox

of this naturc being fOFHOGy' ‘ o §{ -

. : N
\ 1 RN . . 4.

CThis proposed amide deprotonatod species seems. to be - @

qu1tn stronq In'the IH rVR experiments w1th so]utxons o“

’

7~oqu1mo1al metal and ligand, ‘increases in pH ahcve ahout 7

r95u1ted intho maiority ofthe 1igand he1ng lnthe

r

léirnot1aa11y stable comr]axpd forms. Also, the forﬂation ; ot | B
: constants s]]_] and 31? 1 are qultP hlgh with 1oq values of |

‘ ahout -?.1 and 1. 4 respectlvely, irrespective o’ the \1gand "
- ;’land CON!V calcul;ted species d1str1hutvons show. that the . ’  f .o
sn(c1es with format1on .constant 311 1 is esnecially | |
predominant in solution over the pH ranqe studied.

'It-has been squested (63) that inclusion of a‘sp;cies B
of,tﬁe tyne Zn(glyhisH_lfoH or 7n(g) jsH-z)'is‘ngcesséry to ‘ }
.complevay describe thp-Zn(iU-gl;ﬁj?system. Our aﬁéﬂyses
_Show that thg abundéhce of this species over the chrse of a
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normal titration (pH 4 to 9.5) does ‘not exceed 5 pertent of
the total species distribution and so may be considered
. LN

nonessential. The same is true for the Zn(11)-alahis
. . 8 ” ’

'system, but the abundance of this species type in the

[

In{l11)-glyhislys system is sufficient'to merit its
: . : ’
consideration. |
Consider, now, more resulté of the Iy HMR studias. In

all instances, the chemical shifts of the free imidazole

kesbnanfﬁs of 1igands in soTutionS'cont;jning zincflIl) are
somewhat upfield of those in solutions of ) igand albhe‘a;
the s;me pi. This {ndicatcs fhe bresence of some In(IT)-
ligand comp}éxation. The f;ct that the chemical shif; qf.
these resonances further chaﬁges with pH indicates that
there existéa f;st exchange df{quand om the petal with
fhat in ;o]utiﬁn. However, the appeara%ée of the additional
resonancés in thp imidézo1e region indicate that in the pH
;anqe 4 to 9 éémpIéxes form which are kiﬁnti‘ally stable on
t;e NMR time scale,’i.e. the 1igand is not excﬁanging
. hetween the free and complexed forms. The chemical shifts
of the complexed imidazolé resonancés'dbﬂnot change |
appreciably with pH for these complaxes. Thjs ié consi;tent
"with thg-probosed structure involving dopr&ignation of the
amide-nitroqen with complexation of zinc(II) at that site fn
additioﬁ td binding at the glycine amino and 1midazolg‘N-l
nitrogen. A ‘iJe or sik membered ring is formed when

e

zinc(lli~binds to the ahove sites, and such rings are ‘knowh

B
)




»

'
..

to be fa1r1y stable structures.

In the case of glyh1s]ys there were not just two
addit1ona1 1m1dazole resonances ohserved but four,
kcérresbohding t& two additiona] C,H and two additional C4H
JresonanCes,vwhrch 5ugqests the formation af two unique new .
cnmp]exos., Tho fact that the. relative intensities of the
:t«o sets of addvtwonal peaks remaired fairly constant with
changes in pH indicates thae tme‘second set of’resonances
.afe due toa'comp1ex~&if?erent fromthe tjpé describeﬁ by
StnUé{ure f% and nof'simﬁ1y'avspecies formed from the first
“complex .hy t{trat{oﬁ-of aﬁetﬁer amide proion or ‘addition of

‘
v

.a“hydrOxiHe‘ibn;, Also, cons1der1ng the ahsence of pH

depondence of the chemlcal sh1fts of the second set of
~complexeé 1mvdazolf resonances, the binding of the second
qroup is. prohabTy fa1r1y strong. aoain, possibly invelving
ﬁenrotonat1on at the 1yswne amide n1trogen. |
The Zn(11)- g]yh1sLys complexes were 1n{t1a11y thought
to be much stronger than those of quh1s or alah1s since
there was a tota) absence offree CoH and CyH resonances.
after reach1ng apH qfabout 7 in t1trae1onsofsso1ut1onsof
.awlggaed to metal ra;id of l'to(l.' However, the formation
sonstants ?o; spocfes thought to be amide deprotonated i.e.
those having formation constants B11.1 and Byo. 1. and thought

to g1vo rise to the complexed imidazole resonances, were'

determined by potentiometric titration and d1d not differ

) qre&;\y from 11gand to, l1qand From thlS, it was }ater

surmvsed that the absence of the free imidazole resonances

143
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at pH's above 7 resulted from the formation of two different

’

amide doprotonated Jn(lf)-q]yhislys compléxes and that
pxchénqe hetween them and“the free 1iqénd caused broadening
and the disappeaédnce of the 'free‘ resonances.

In formulating structures for these species, tﬁe
f6110winq was considergd.y Throughout the Qoﬁfse of the
7n(11)-glvhislys " HMR titration, the ratio of the
ihtensgtios 0f the two set§ of complexed imidazole.
résonances is a fairly constant 3:1, sugqesting_fﬂst the
comrléx o“tho_first tvpe fs somewhat moré;ther‘gdynamically
.stable ihan the secon&. Assumina.thatfthe_fifst'type‘of

¢

“complex is that involvinag deprotonation of the amide

144

nitrogen of the histidine residue, as has béen suggested and

will, further bhe discussed, one might consider the second

type of complex to involve a Simi]ar déprotonation of-the

amide nitrogen 0 the lysine residue to forma 7 membered

-

rirg with the metal and imidazole aroup.’ Structures YV and

V1 are possihle representations for these complexes.

P - N

‘ L o . . a
, 2 0 o -
' *“a"("'""z)--gu | *HyNfcH,), 8-0
. , NH ' CH
' . ] . 7‘ i .Zn' ) .
, ‘ . ’c‘c Hic-: H?‘N. - . },.-o
st SR : HN. g"c“z :
= : - . . HN\c , '.ZH.., N . c -o
M kN » . . : 2 .
v VI

-

-




'comnlex resonances distort and brqaden.~ Perhaps there is

145

f%isf]arqer ring would be somewhat féss"thermodynamical ly
stable than the p}oposéd'ﬁ membered ring involvfng ) .
complexation at the glycine side of the histidine resVdue.
The;e?ore, this'complex would be expectéd to be 14ss
abundant than the other and would explain the 3:1 rszio
observed. ) o o . '

There seems to be some'exchange between the two

“zinc(11Y-aqlyhislys cpmp]éxes since, as the pH is raised, the

exchange between structures V and VI, or these structures

‘may also exchanae between being amide nitrogen deprotonated

and being without amide deprofonatiom

‘It might also beconsideredthatiherenﬁy be some
othef donor group invo]&emant to form this stab1e, fairly
non-exchanging comp1ei: }hg strycture of such a complex
might be 1ike that of Vor VI but with the lysine amino or
its carboxyl group bound to the metal. Using mo]ecula}
models, a molecule with structure VII was built. Also, é
structure of this sbrt having the Yysine amide nitrogén .
deﬁrqtbnated instead of the histidine amide nitroqen‘w;s
found to be possible ﬁg{ng-mw1ecu1qr“model§. The faqt'thaf‘

the lysine am%no proton;.having a pK, of greater tham—t1,

"would first have tobe titrated fromthe residue for the

complexation to occur in this manner would tend to ddsprove
the existence of this complex in the pH range studied.

- ' n -
Although it has been long established that many metal ions,

-
\

7 ' .

e " a
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including Zn(ll), have thé effdct of reducing the pKa's‘of
11qands in thelr presence 1t 1s unllkply that the 1ysine
amino’ pk, could be reduced to a va1ue value )ow pnough to

"

allow the formation of Structure VII at.a pH of;bobt 7.

»

C ) cn,c:alzé

Other structures were also built where'tnére was. ¢ ¢

hin4ing‘by the lysine barboxy1 qroup but they.were;tod ‘
trained td‘bé reg1ist$c. Sim1lar11y, a strUCture like. VI
but where thp‘glyc1ne amino nitrogen was bound was also
stra1ned . ) S '

In conc1usion, it would seem that zinc(*ﬂ) fprms quite
"strong complPxes with hist1dlne contain1ng p€pt1de ligands
hav1ng amino acid sequence$ similar to that found at the N-
Atermina?'end of the beta chain of hemoglobln. The strength

of thlscomplexationmay lieﬁn'theb1ndihg of the amide

“nitrogen to the: metal with deprotonation at that nitrogen td

"form 6 and 7 membered rings as in stiuctures: IV to VI. If

. . Y
s ! - . .

< -

[

N
-
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end dfthebetachaiNthemoglobin,thenxhe}esulfsofv

this study suggest that the N-terminal emd of the heta chain

“could be’ the site of the binding of zinc(lf) td*hemogiobin.

.« B
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- 390 IF HEIER‘!-O' THEN ONEXsiHI ELSE ONEK=LH4O
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1]

10 7 00000000000090!00"“MQHQQQOQQOQQQGQO|HOQQICIQIOQOQQOO!!OQQQQO0.00000
20 s

[ 2
300 - TITRATE. 8RS by A.Arnold & S JDaignault * .
LR B » Departeent of Chemistry $
50 ‘e University of Alberta ¢
gg K -» Eddonton, Alberta TéB 282 Canada +
i) ]
80 'ooooocoocooooituooonnoionooonoo.ooooocooo;oqoocooooonoooooconncuoooioooo
90 °
100 CLEAR "cloar tho data space
" 110 POKE 3B, “set top of screen scroll to line |
120 DEFDBL A- N 0-1 "all non-integers are double precision
130 PPABEL=0 K ‘paraseters are on page 0 o
t4u DPABEL=1 - 'data 1s on page | - »
130 YPAGEI-’ . . R gh aeter test data 15 on tpqo 2 »
160 DISKS=* N nmtialise working drive to a: for error chocknn

170 *SCREEN 0 PPAGEY,PPABEL 'set up paraseter screen 0
180 VPABEL=PPABEL: ménsmm “gpep track of virtual and active pages

19C ON ERROR 6070 4330 ‘errbr trapping routine
430 FALSE=0:TRUE=NOT FALSE  "define true and false
210 TEST=FALSE cTimtialise the test flag
215 SPIKE=FALSE “Tinptaalise the spike flag
320 CLSIKEY OFF ” ‘
‘30 DN PHE1000),VOL(1000) . “set up arrays for einiquad8l data prosvnlatxon -
240 DJM 14300, Bk!h(’O) JPOT(20), JOR1(20, 5), IKEY (201, VOTC(5) , ADDCT (5) X
250 DISK=*p:® cﬂanqo norlxng drive to b:

2607ENDVOL=1" . “saxious voluee dclxvcrod hy the burette : )

270 DEF FNBCONVL(1)EX-68 (114" converts .decinal to BCD '

80 DEF FnTInE(Xi)=36000VAL(L§FTQ(IO,2))060'VAL(IIDOtIO 4 2))0yAL(RIGHTO(l|,2))
converts tise to seconds.

gvn REN seesssonssrnss 1nsert all introductory t.:t here $08000Rs0ReRRe0800

300 PRINT * & . - ABNPC Titration Progras”
30 PRINT * T A.Arnold & §. Daxgnault'
32 PRIIT

1350 PRINT ! (last revision Oct 3, 1904)'

340 PRINT: PRINY PRINY i
330 FRINT *This prograe. is for use mth an Orxon JO1A pH aeter.®
352 METER$=*o"
353 REN the follomng few lines were usefy when the progras was run with
354 REM-either the #isher 520 or orion 70Aa plt seter and the peter used was
355 REM at the operator’s discretion. these lines are kept here in case the R v
356 REM titration systea is restorad to that state. '
360 REN INPUT *M1l) a-Fisher or Orion nn aeter bc u!ed {§/0) "3 RETERS
vbl REM METER$=MIDS (METERS,1,1) .
361 RER IE NETERSCF TG "WiERsetse . : Lo ,
563 REM IF METERS="0° THEN METER$s'o° : ’
64 REM IF METER$s°¢* OR NETERtt'o THEN 6070 370 ELSE LOCATE CSRLIN-1, POS(O) :
165 KER SOUND 300,5:60T0 340 .

_ 370 DREADYsLH40Q *data rm“for Orion 701A '
+ 375 IF METERS="0" THEN MASK=UM14 ELSE WASK=LW3 'easks for IV/ N seter sodes
380 IF METERS>70° THEN PLUSWVsLHI4 ELSE PLUSMV=LNO  '+aV indicator .
382 IF MEJEROz"0" THEN MINUSAV=LW4 ELSE RINUSMVsLH4 ’-aV 1ndicator ) .
84 [F METERS%*0" -TNEN PLUSPHs&H10 ELSE PLUSPH=LN} 'OBN i:li;:tor .

! indicator
410 lF METERS="0" THEN NTINESI=30 ELSE™NTINES1=100 ’'nusber of tises to read the

4‘0 PRINT PRINT 'Ihxlt rumning this progras, the operation of the optoisolator i
g pH-spter tan Dbe checked by pressing FS.
430 PRINT:PRINT “Please turn up the sound to a reasonable level, because the pro

3;0 PRINT *will olitely 'beep’ at 10 ke & aiitake'

:20 ;g{l! *hnd pgoase take n.go of ::: aal ::cg:nns and report thes to us.*
470 REN veaessssesessassd and of introductor (.;t TN
480 PRINT;PRINT °Al4: data ‘and paraseters uil! be stored on disk, 'IDISKG

. : .
. . e e e ot e e e e
* ' [} . .
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’ ’

90 PRINT: INPUT ou want § hard copy of thu t)trmm\" {y/n) *; HARDS
P Mu “AIDS ( m.h 1) umcop:’ 12y '
2 1F WARDS="Y® THEM MM-
4 IF BARDS="N' THEN HARDS =' *
510 IF HARDSs®n® OR WARDS="y" Ti!l §0T0 530 ELSE LOCATE CSRLIN-2,POS(0)
320 SOUND 300,5: 6010 490
330 CLS )
$40 PRINT CMO(ZOHOSWI“’U? 205)+CHRS (187) ‘ .
330 PRINT mmunsmtmmcmnw. le cmuw,
560 IF HARDS=*n* THEW 6OTO 580,
gzg IC.SLRIII STRINGS(79,93) pnnt 3 line across tM ;m!
590 IF mm- o* THEN PRINT " 1B PC /Orion Titration Proqrn "
ELSE PRINT * 1M PC/Fisher Titration Progras _ :
400 IF HARD$=*n® THEN 6OTO 630
610 LPRINT CHR${27);°E* ’turn on nphumd print
820 IF METER$="0°® THEN LPRINT I PC /Orion Titration Proqrn i
ELSE LPRINT * 188 PC/Fqu Titration Progras b
630 LPRINT DATES;* °3TIMES .
540 LPRINY CMNN)“F' "turn off nphnmd print
450 Pﬁll&; DATES;® *;TIMEs;

60 COL
870 mur SMEO(IZHCRROH“) PRINT CHRHIMHSPACESW‘IHCHRM186)
mmoonsm;mm 205) +CHRe {188) . o T
scrol window see PC 2(5) pedd
100 COL(PPAGE’H:POS(N).RN(PP l)t SRLIN  ’store current cursor pmhor. 5
710 SCREEN 0,0,DPAGEY, PPAGEY dnwla{ key on data page only
0 vm:z-m&zz.mbu-mm "teep track of virtual 't active pages

140 LOCME 25,1 orint the key inforsation * .
750 COLOR 0, 7 PRINT * F1 *3:COLOR 7,0:PRINT * Payse *;

760 COLOR ©, '2:PRINT * F2 *4:COLOR 7, Y0:PRINT * Paraseter. Revmon ] '

770 COLOR 0 T:PRINT % F3 *;:COLOR 7 0:PRINT * Stop Titration *;

780 COLOR 0, '7:BRINT * FA "'CﬂLOﬁ 7, 'O:PRINT * Scrun i

790 COLOR 0, 7:PRINT * F3 5 :COLOR 7,0 PRINT * Test °

800 SCREEN 65“"56!1 PPAGE;P VPkG‘l*PMBEI OPQGEZ'PP“GEI

-

ggg LOCATE RbN(PPAGEL), COL (PPABED)
CO94 uunmxzx . 'imtialise data counter.
930 605uB 3310 "enter the titration parnotm

60 REN
97(0 PlllI lgu'f *Will this data be processed uith HINIOUGDBI or 1n another way”
8 or ol";

980 nrms-mumuss, 1) ’read the Miniquad naq Do

990 IF DPANSS="R" THEN DPANSS=*e® e
1000 1F DPANSS="0" THEN DPANS$="0"' ~
1010 IF DPANS$="a" OR DPANG#z"0* THEN 1030 ELSE LOCATE CSRLIN-2,POS(0)

1020 SOUND 300, :6070 970

1030 IF. DPANSS=°0° THEN 60TO noo . . ,

1040 1F PARS="n* THEN BOSUD 4440

’5?,§° IF PARS="y" ANDEOF (1) THEN PRINT Mo MINIQUAD paraseters in *;PARFILES :60

:8‘;0 1; PARS="y* AND NOT EOF (1) THEN BOSUB 5260

: 1000 IEH 1f siniquad is. being used, set the tab according to how |yy"r!aé,tants .

1090 lF DPMSlz'll' THEN 1TAD=gs ((WMBE-1)#10) ELSE 1TAD20. '
HOO PRINTLINPUT *What 15 the Wegtial buret voluse (umany 0.0000,0¢ ‘course) iV

IO PRINT - . . :

20 COLOR 31,0

30 PRINT SPACES (19)+*MAKE SURE THAT THE 1. 000|L BURET 1S READV'OSPMIM!‘H

0 lF Nﬂmt'y' THEN PRINT SPACES (23)¢°AND THAT THE PRINTER IS TURNED ON° .

4
50 ¢
9 m shcmam

0
0 PRINT:PRINT ~*Press any key tn stm the txtntm..... .
B0 IF IMKEY$="" THEN ! B

u
i1
i
i1
11
1
i
lm REM set up Cunmon nys for proqru mvrupts

.
.




o

BOSUD 2950:KEY(1) DN ’pausk interrupt -

1182 0N KEV( )
1183 ON KEY(2) BOSUB 3110:KEX(2) ON ’parantcr revision mtnrupt
“gg 'K? KE)V(D 60SUB 2340:KEY(3) OI 'stop titration o
Al . .
1186 ON KEY(S) BOSUB SS& SKEY(S) ON “"test pH ster, Lo
1187 KEY(b) QFF.KEY(7} OFF: KEV(!) ‘OFF:KEY(9) F.KEYHO) OFF ) .
1190 OUT 831,155 : 'set up control port in sode O all 24°bits input
1200 LOCATE 12,1 S ,

1210 FOR 111 fo 12:PRINT SPACES(79):NEXT I1 .
1220 LOCATE 13,1

1230 O KEY(4) GOSUB 5460:KEY(4) N ~screen to ole. .. -
1240 COL (PPAGEY) =POS (N) 2 ROW(PPAGEX ) =CSRL IN store currmt cursor posmnn
%%568 EC EN 0, ? +DPAGEY, DPAGEY VPI\GE!*DP”EI QPRGH’DNGE
}%g géﬂ proqun the 8522 parallel ports for data acqunmon v :
1290 1C1=INP(B30) - ‘read port G-, I8t d’mt and seter nodos
1300 REH nnt out the listing headings | .
1310 PRIN , . ck
1320 PRINT® ' VOL UM '; R oo .
1330 IF (ICY. AND MASK)sPLUSPH THEN PRllﬂ *1CHRS (2355 ° (pH) *}
ELSE PRINT®aV *;CHR®(235);" (o )" . ]
1340 PRINT * SLOPE DELAY* . '
1350 PRINT®. o - /n. C Ak
1360 PRINT:PRINT STRINGSY79, 196) R .
1370 IF WARDS="n" THEN GOTO 1440 ’ .
1380 LPRINT:LPRINT -t .
1390 LPRINT® | . e . N
1400 IF (lCl MD MS()'PLUSPN TMEN LPRIIT' *SCHRS.100)5° (pH) °; .
ELSE LPR CNﬂ‘(lOO)f’ilV)" -
1410 LPRINT' SLOPE DELAY C .
0 LRI no L imny
1130 lﬁ’s,m‘ STRING$(79, 95) "print a line across the page
450 REVISESFALSE - “reset the revision flag '
- 1:?3 :E: FHIREEEIIOINIIIREIIE QAIN DrOran 10Op PIHEISIIEEIITNISIEIIIEN
-
1480 DELAY=(' t tise delay to 6 at start of readings

B

1490 SYAR”IHE=FNHHE(T]HE$) 'store tise at start of read loop
1495 SPIKE=FALSE . ‘reset spurious reading flag

1510 1F NOT TEST THEN BEEP
1520 FOR_IX=1 TO NTIMESY

1500 REN read gortvﬁ and B NTINESY times 1§ seter 1s ready (port C hit” 6=1)

1530 IF TESF THEW SOUND 500,1 ' s T
2540 ICIsINP (B304 IF METERS=*¢* THEN 1540
1550 1F (1CT AND DREADY) >DREADY THEN 1540

~

1360 TAT=FNBCONVI(INP(820))  ’read port A ,Sth and 4th digits .

- 1570 1DY=FNBCONVI{INP(829)) rnd part B l!rd and 2hd dmts

1380 IDATAI¥1AT+100018Y mbine the last four dx!x

1590 1€ (1CY AMD OMEX)=OMEK ﬂﬂ mmzsmmbmw 300 M50 1t >=1000
1600 IF (ICY AND MASK)=MINUSMV THEM IDATAX=-IDATAY  ’negate if (

1610 IF (ICY AND Msx)wasru THEN x(mzmmmoom £ X(II)=IMTM./M
1620- 1F NETERS="{" THEN 164

mg 'I‘Elslﬁmm AR MD DREADYHDREQD,V THEN 1630 mt until pH :hanqes
1650 REW - - n

1690 RER #sasese0ses Jinear least squares to detersine equilibrius hbdidd )
1700 Si6X=0: SI6Y=0: SIGXYV=0: SIGX =0 SI6YY=(

1710 FOR 11=1 TO MTIMESY

1720 SIBY=S16V+X (1) :S16X=5I6X+I ~sxsxv=sxsxv+xm(m .SISH:S!SXMIHI
};38 ﬁsvv;slsvmumnm

1750 A={S16Xe516Y- TH!SDS]SIY)I(SlElelSl-ﬂ‘ll!S‘hSlGll) ’slopo

1760 D= (S16Y-A#SIBL) /NTINESY * intercept -

1770 PHINUMBERY) =SIBY/NTIMEST *eean value of pM or oV '

1780 RXXX:SIGAI-SIGROSIGL/NTINESL .

- co N
r; B . 1 . -

.




2150 E=(PH( -PN(N2))/IPH(ll)‘PH(l2))v

~

1790 YYYY=SISYY-SIGY#SIGY/NTINESY ' —

1800 XXYY=SI6XY-SIGXeSIBY/NTINESY

mo IF YYYYCARKYYY Tiﬂ 55-0‘ ELSE SE-SUR((YVVY-MHVY)/(IHHESZ -2))
stl error of slope

1820 S165L=SE/SOR(XIX pe °
* 1822 EIMIIEtFITH!(TlNE ) "store tise at end of read Joop

1824 IF ENDTIMECSTARYTINE THEN EIDTINE#IDTII&O“OO' 'in case of nquht.

1826 ELAPSEDTINE=ENDTIME-STARTTINE *tise for | set of readings

1828 -DELAY=DELAY+ELAPSEDTINE ‘total tise since first reading -

. +—1830 SIGSL=SIRSLONTINESI#60' /ELAPSEDTINE ’st.err. of slope per min

1840 SLOPE=ASNTINEST#60' /ELAPSEDT INE "change in pH (or aV) per lmut! ’
1850 Sums=0! . ’
llbO FOR 1121 TO NTINMESY SRR

osunso=spnsnomm-rumummuumwmyna;nm ) IR

NEXT 11

1090 SD=SOR(SUMSQ/ NTINESI-1))  “sd. devn of NTINESI readings ..

1900 REN it not stadble and still tise,go back and et 30 aore readings
1910 IF TEST THEN RETURN "to subroutine 579
1920 IF*&‘.‘L(SLNEHSDPHMX-SIGSL AND DELAYCNAXDELAY IMEI 6010 1499 rnd the set

HS(’)’XF ABS (SLOPE) CSDPHNAI-SIGSL THEN 6OTO 2020
1940 REN resove butliers due to spikes if SDPHMAX n:ndod and DEU\Y)MXDELAY
1950 NeO: SUM=0!
1960 FOR I1=1 TD NTINESY
1970 IF ABSIX(IT)-(BeARIT)) YA4SE THEN GOTD 1995 ’spike if )use froo best line
1980 SUN=SUMeX{(IX).
1990 N=N¢i - . , .
1992 8070 2000 o X ) SN
1995 SPIKEsTRUE * : ' '
2000 NEXT 1T . . -
2010 PH{JUNBERY ) =5UN/N "new sean value
2020 REN calculate nut txtunt addition if not the first or second point
2040 1F NUMBERY=1 THEN 6070 2080 'do not ul:ulate slope on first ponnt
2050 DEL TAPH=PH (NUNBERL) -PH(NUMBERY-1) - "change 1n ph or av  ©

2040 DELYAVsVOL (NUNBERY) -VOL (NUNBERZ-19  ’change in voluse

.2 70 SLOPEsDELTAPN/DELTAV 'slope . : .
2080 IF INCR$="p® OR INCR$="a’ THEN B0TC 2100 -
?90GULSKS'SCINHIOOOOMSTEP) 6070 2230 conshnt voluse mtru!nts

00 1F NUNBER>2 THEN 6070 2130 .
2110 TF MUMBERY=2 THEN TWINCtMlHCMSYEWDELMPH "change 2nd step

2115 1F THOINC)2¢ONEINC THEN ONEINC=280ME INC

- 2120 NPULSESA=CINT (10000SNEINC): 60T0 2230 '#¥rst ‘and second increments

2130 REM this part calculat®s the next .voluse incPepent, based on the algoriths
in Anal.C u.Atta um pbs (198") oo

2132 NUN=NUNBERY - - . o

2136 NO=NUN: NizNUN- 1. m=m‘2 N :

2140 V1= (VDL (NO)-VOL (N2) )/ (VOL (N} ) <¥OL (N2)) N : .

2160 BB=Vi#11-E) /{E-V1) .. L ‘-
2170 AA=-BBe(BB+)) - . S

2180 T1=AA# (PH(ND)-PHIN2))

2190 T2sASTEP#(BBeV]) : : : N
2200 V2= (Tiev]- T2cllu(IMZ) ’ ’

2210 W&SESI'CINTHOMOHVMVOL(ll)-VOL(N2) ) #VOL (N2)-VOL (N0} )

2220 1F NPULSESI<! THEM NPULSESI={ ’ainisus of 0.0001 al

- 2230 1F (MPULSESX MOD 2)=1 THEN WPULSESI:NPULSES1+¢! ’only even pulses allowed

2250 REM 448838800 0000 t 0 RIR LA NRRERRRERRRERRERREERA AR IS

2330 IF NOT SPIKE THEN PRINT .  *; ELSE PRINT 4""

2335 PRINT USING. ° 888" NUMBERY:
2340 PRINT USING *  8488.9008 °; VOL (NUMBERY), PN(M]ERI) L

2350 /1F MUMBERY:1 THEM PRINT USING * 80088890.0" *;SLOPE; ELéE PRINT SPACEW(12);

2360 PRINT.USING™® . 0000°; DELM .
2370 1F WARDS="n" THEN 6010 2420

2380 IF NOI SPIKE THEN LPRINT *  *; ELSE LPRINT °seal;

2383 LPRINT USING ° 888°; MMBERTS v y
2390 LPRINT USING * _ 6000.0080 *;VOL (NUMBERY) PN(IWMR!) A3
2000 1F MUMDBERI>! THEN LPRINT USING ° 88800400, ‘

/

P,

*;SLOPE;ELSE LPRINT SPACES (12): ,

158




* 2473 6OSUB 2950

3000 IF INKE

. cb10 COLOR .0,7: PR!IT * F1 *;:COLOR 7,0:RRINT® Pauge . *;

2620 COLD O TIPRINT * F2 *;:COLOR Ty T° Parallt!r Revision °;
*7..2630 COLOR 0 TiPRINT * F3 '“COLOR 1 * Stop FTitration *5
' "640 COLOR 0, (PRINT * F4 ";:COLDR 7 0: ‘

159

2410 LPRINT USING * J604°; DELAY P ,
"4%0 REN terminate the titration if necessary o
2430 REM coaparison of the first remg’“md ENDPH detlnum trend of curve .- .

2440 IF PH{1)ENDPH AND PH(NUMBERY) YENDPH THEN 508 . |
Z:zg ;E"PN'(IDEIDPH AND PHINUNBERY) CENDPH THEN GUSUD ,,5 ‘0 . | )

2470 VOL (NUMBERZ+1) =VOL (NUMBERY) +NPULSEST/10000 - . B
2471 1F VOLANUMBERY+1){= ENDVOL THEN GOTO 2490 .

2472 ENDVOL=VOL (NUMBERY+1)+1! ~ . )
2473 COLOR 31,0 "flash the refill eessage S ‘
2474 FRINT® === The buret needs to be refilled* . *

;:_7,67 EELDR 71,0: LDCME CSRLIH POS(O) ‘overwrite the refill sessage
2490 NUNBERT=MUNBERL+1

2500 60SUB 1990  ’add the titrant

2510 6070 1460

5.;%0 REN nuunnuuu titration tersination dnuumuuouunu
2540 COUDMGE!):POSH) ROM {DPAGEY ) =CSRLIN ston current cursor pnntlon
2930 LQCATE 25, 1:PRINT SPACES(79);;LOCATE 23,1

" 2560 PRINT "Do ‘ou ‘REALLY nnt to sfop the titration? (y/n)*;

2570 MS'=INKEY SIF ANS$=*"

2580 ANGS=NIDS (ANSS, 1, 1)

2590 IF mnsss-y- OR ANs="y")"THEN 5TO 2680 ELSE BOSUS 3130
2600 LOCATE 25,1 ‘print the ke lnfnruhon

T * Screen *;
2650 COLOR 0,7:PRINT *-FS *:COLOR 7,0:PRINT * Test *;
2660 LOCATE ROM (DPAGEY) , COL (DPABEL)

7670 RETURN

2680 LOCATE RON(DPAGEL) ,COL(DPAGET)

269G FOR I1=1 TO NUMBERY-2

2700 1F DPANSSS*N® THEN PRINTA2, # %

2710 PRINTA2, TABUITAB);

720 mmz, USING * 00N J00°; VOL(ID), Pmm

2730 NEXT 11

‘2/‘0 IF DPANS$=*N® THEN PRINTE2, * -1

2750 PRINTE2, TAB(ITAB); - .
2780 mnm, USINS * S000.4000°; VOL (NUNBERZ-1),PH(NUNBERI-1)
2770 PRINT#Z,” ' o
2720 PRINTIORINT *Titration tersinated at *5TINES ‘ :
2790 1F HARD$="n" THEN 60TO 2810 o -
Zg?g ’L(ERIIT :LPRINT *Titration. terainated at *: llltt ’ .

2820 PRINT
5930 PﬂllT ‘The htrmon data is stored in MTF!LEO unng paraseters in ';P

28 0 PRINT PHIT *Press F2 or type Rlll to nswt. - ' :

2850 OUT 8 _ ) .

2860 QUY 021 m : , . *
2870 CLOSE #1 . :

2890 CLOSE.#2 oo

2890 IF HARD$=°n® THEN 6070 210 : ‘ . .

%zggltzl:m “The titration dats is stond in ";DATFILES;® using paraaeters in °;

2910 POKE &HSB, 1 rcturn top of urp’ll screen to line |

- 2920 ON ERROR bﬂ "disable error trapping

2930 END , g Do
2940 REN

2950 REM sessesd gubroutine to tuponnly halt the titration ONNNNHNH
2960 COL=POS (W) :ROM=CSRLIN  ’store curreat turw position in utxvc page
2970 LOCATE 23, 1:PRINT SPACES(79);:LOCATE 23

2980 COLOR 0, 7*PRINT * F1 *4:COLOR 31,0 R Pause %

2990 COLOR 7,0:PRINT “Press the space "bar to resuse the txtrmon wiei
Y$3CCHRS (321 THEN. 3000 ) .

3010 LOCATE 25,1




bR COLIR OLTERINT ¢ FJ 1iiCOLOR 7, 0LERINT | "
303 COLOR 0, 7:PRINT * F2 *3:( nm,o. PRINT ° Panntor Revision °;
3040 COLOR o,7:mnr * £3 *3:COLOR 7,0:PRINT * Stop Titration *;
3050 COLOR o.7: PRINT * F4 *$:COLOR 7,0:PRINT * Screen *; ,
. 3060 COLOR 0,7:PRINT * 5 *5COLOR 7,0:PRINT * Test *; : \

3070 LOCATE RO, COL o s
© 3080 RETURN : T
. .)0‘70 END , :
JIOOJEH ‘ ) .
3110 RER satesssssssss sybroutine for anuur revision FESEESEESERERRASS - \

3120 COL (DPAGEL)=POS(0) (ROM(DPAGEL)=CSRLIN  ’store turrent cursor pos;tmn
g{gg Eggigz 50 +PPAGEL, PPAGEL VMGEISPNSEM APABE1=PPAGEY )
v 3130 COLOR 0,7: PRlNY * F1 *;:COLOR 7,0:PRINT * Paus& .
L 3160 COLOR 0,7:PRINT * F2 *3:COLOR 31,0:PRINT * Paradeter Revision °
3170 COLOR 0,7:PRINT * F3 *;:LOLOR 7, 6 :PRINT * Stop Tltratmn "3
3180 COLOR 0 T:PRINT * F4 ";:COLOR 7 0:PRINT * Screen *; . . o
3190 COLOR- O, 7:PRINT * FS "‘COLM 71, 0 PRINT * Test *; . ’
- 3200 LOCATE ROM(PPAGEL), COL (PPAGET) - -
3210 REVISE=TRUE e
3’20 6070 J6%0 | ' ] e
3030°605U8 2950 g . :
2280 REVISE=FALSE
3250 SCREEN 0,0,DPAGEY, DPAGEY: VMBEZ‘DPOGEZ ﬁPASE!tDPhSEI °
: 3260 LOCATE ﬂbI(DPOGEﬂ COLIDPAGET) g0 to previous position on da page
v 3270 RETURN . ' , .
3280 END :
- 3290 REN
'100 RERM .
3110 REM a4a434¥0sa008088 paraseter input subroutine $8e833EeReseastteties
. o .,Sfo ::&:T CINPUT *Are the titratjon PARAMETERS alrndy stored in a dm tile? (y
. Cn) ,
3330 PARS<NIDS (PARS, 1, 1)
3240 1F PARS="N* THEN PARS="n*
, 350 IF PARS:"Y" THEN PARS=*y* v
-, 2360 IF PARS="y" OR PARSs" n' THEN SOTO 3380 ELSE LOCATE NQLII-Z,POSAO)
:370 SOUND .»00 5 :60T0 3320 ‘ .
it 2380 IF PMSt'y' THEN IIPUT 'Enter the nut o( this file:",PARFILES ‘ELSE—BR‘

N . . J

: ., 10 3580 .

C © 3390 PARFILES=DISKS+PARFILES - ~ N,
3800 OPEN PARFILES FOR INPUT AS 01 \ .
3410 INPUTHL, INCRS, ENDPH, ENDVOL, ONE INC, ASTEP, BAXDELAY , SOPHAAL nES \
1040 PRINT: INPUT “Enter a short, nmn tive title IN wxm&:'wmes.mm N
3450 IF HARDS=*y* THEN LPRINT * sTITLES N\

3460 PRINT *The follmn titration pafautus will be used:®:PRINT . N
3470 IF MODES="n" THEN PRINT "and aV °;ENDPH ELSE PR[IT "end pH ° EIDPH . C
+ "3480 PRINT “"saxiaue voluse’of-titrant®;ENDVOL;®
3490 1F INCROE-0: THEN PRINT oV rncresent SHSTER:G0T0 3510 9

3 :Sggrék’ INCR$=" p THEN PRINT *pH 1ncresent ° ASTEP ELSE PRINT “voluse nncruent
e oS_lO'IMllleRhi INEN 6070 3320 ELSE PRINT “the hrst two volulo addmons will”
3520 PRINT w equilibratiop amx SMAXDELAY;® seconds® . -
v : 3330 PRINT “adfiaus allowed. ch , . : oo e
B 4 . 3540 IF HOBEC=‘p THEM PRINT “pH’s ELSE PRIIT "V .
“ ) Igzg zsms er ain, for- equi lhnuo *§ SDPHNAX
o

3570 .REM ¢28% entr panuur rmsm if no file alrnd exists Heaed
3500 PRIIT PRINT ¢ {hm enter the paraseters now......":PR

3590 PRINT;INeUT 'Enur a sboﬂ, dumghvc nn IIALS 'mmvmm
3500, IF uaim: THEN L
Smo YT *Nill the utn mmgs be in aV or | /pm'mm
3620 WODES=N1D$ (RODES, 1, 1) ,

"3622 IF MODES="N" THEN MODE9=*a® - [ .
Jb24 IF M)DEts‘P' THEN IIIK"'o' :
3633 IF MODEs="e" OR mlﬁk'p THEN 3650 ELSE LMTE CSRLIN-1, POS(O)




e Lo, . . W

v > s ; ¢ * A
' 640 SOUND 300, 5:6010 3610
%aso 1F NODES="a* THEN 1NPUT “end oV ";ENDPM ELSE. INPUT. "and o4 ';Emu :
3660 IF MEC-'o THEN INPUT *Nill this mntm be xn»consttnt iv or vnlm in
cresents taV/vol)’INCRS ELSE 6070 3700
© 3670 INCROTIDS (MRS, 1. 1) , 3
3672 IF INCR$="N* mn’u Incasssas : A
3674 IF INCRS2*Y® THEN INCR#="v* -
3680 If xums' an mn;-v* THEN 3740 ELSE LOCATE CSRLIN-1, Pusm)

e 3690 SOUND 309,5: 6010
N 3700 IF !lobits * THEN INPUT °Will this titration be in cnmtmt pH or uoluu in

o % 7 3712 IF INCRS=*P* THEN TNCRe="p*

. . 3800 INPUT * per sin. for equily 1briue * SDPNM

- -cresents *sl \ —
o SOOI lmc-muucm 1,1) - ‘ 7
¢ -, 3714 IF INCRS="V* THEN INCRe="y! ‘
3720 IF INCR$=* g ] nms-v- THEN 3750 ELSE Locm csam-: POS ()
3730 SOUND 300,5: @00 37

T N (2 Lo e IF xucms‘- THEN mur "oV incresent *;ASTEP:G0TO 3760 . ’
.

4750 g' INCRS="B" THEN IWPUT °"pH xncrnont % QSTEP ELSE lI'UT vnlun mtrcmt

3760 IF LICRS("v‘ i mlbl TM{I IWT *Mhat “ you want . tho first two volu

oe_additions to he';

.. 3770 1Y 'unm equilibratidn dnla! (uconds MXDELAV ,

e L : 3780 PRINT saxjeus allowed chan e of o )
- 3790 1F MODES="p® THEN PRINT ° ELSE PRlM . V" : o

3810 PRINT Lo
" 3820 ROI(PPAGEZ)-CSRLII' COL (PPAGET)=P0S (0) 'ston Mtion on panuw pm
‘ + 7830 IF REVISE=TRUE THEN S0TO 3230
v ’ 3840 INPUT *What is the file in which these PARANETERS will- be ﬂnnd';«PMPlLEs

s 1., 1850 IF PARFILESC"* n:u 8010 3870, £LSE LOCATE csam-x PaSL0)
. - 3860 SOUND 300,5:6070 3840 . o
3870 PARF ILES=DISKs +PARF ILES ) o e

»"1mmmwmww
R 2890 PRINTH]

INCRS; *, * SENDPH; ENDVOL ; ONE INC; ASTEPS BAXDELAY, SOPHAAX , MODES
e 3900 PRINT: 14PUT what 15 the file 1n which the DATA Is to be stond‘ I)MF]LE’
o e © 3910 IF DATFILES(>*® TIEI som .»930 ELSE LOCATE CSRLIN-2,P05:01. .
o .. 3920 SOUND 300,5: 6070 39 . )
. N 3930 DATF!LEhblSMoDATHLEt T e '
‘ 3940 OPEN D&TFILES FOR DUYPUY AS I2 .
- .)?60 &vflnv
2970 REW >

3960 REM cuuunnouuunouunuuununnouunuoumunuuuc
’990 REN subroutine to put out a train of TIL pulses frod lpil pin 10 .

" 161

a2 ’ (9313 timer T;) every 20esec.
. T 4000 REM -
C ’ 4010 KEY(1) STOP: KEV ﬂ)P.KEV(I) SWQ:KEY(‘) STW'KEY(S) STW dlubl! k%u
. i . 4020 OUT 823,208 'disara counter 3 .
vy L e, 030 00 8.5 a. ’nh mum"ut to saster sode rmsttr 0001 0141
) - 4040 OUY 821 0 w by slu - 0000 -0000
. - 4050 . ~’FOUT rchl Yo o -
A : 4050 - . - colpumn disabled o v ,
. ' 4670 . -of-day disabled. . ’ e
L : swao ot 22 ’niﬁ byte ‘ /.-1168 0090,
U 3 - - . 'scalar :umol in BCD « T,
s , :}?g :n:l:ehmqmnt 4 , Sy
. ., © '8 bit bus & o : ‘.
T ‘:gg : rw‘ “n .
S . ivi
. < 4140 FOR 1131 10 NPULSEST .
4150 QUT 825, Yot datd nmur to’ cnu S ood! rmstlr 0000 0101 {
, - 4160 QUT §24,84 low byte~ 0101 0100
a 4170, - ‘disable special qate ;
e 4180 ’ "reload $rom load or hold C K.
- . : « 450 : count down once in BDCD J
. ol 4200 ou1 824,1 F o 0000 111} -
T 4210 Ell use M FS' uts sul est tise interval of 0.0lsec
4220 UT B24;10 A bzto of counter S load reqister
. . 4230 OUI 82‘.0 Mqh . , .
." . ’ - g. A . b4
Al N . \ i"
IQ'. '\ ' ¢ - - b
p) A - ! v
- -7 K \ *



Y TO
(4 -

A~ 4280 "~ 'no gating .
7 4250 "count on rising edge of FS

4260 OUT 825,112 "load and- ara counter 5 0111 0000

4270 QUT 825,237 "set QUIS high 1110 0101

4280 NEIT [1 E ¢ S

4290 OUT 828,229 "sets OUTS low 1110 1104,

4300 KEY(T) bﬂ:KEVQ) ON:KEY(3) ONKEY(4) ON:KEY(S) ON r!-onul! va}

210-RETURN
4320 END

4330 REN oncooc:onooooor efror
4348 SQUND 300,5

4350 IF ERR=27 TH{N PRINT *The printer_is out of paptr, 1 605U 2950: ﬁESUﬂf
" 4360 [F ERR=S0 THEN PRINT *Field overflow®:RESUNE 2

~ " 4370 IF -ERR=2& THEN PRINT °A device, probably the prxntor. has shut off -- turn
1t back on.*:60SUB 2950 RESUNE

ping subroutine 00000'0!0!000'000000!0!00

niag Ia%ERR-'SB THEN' "IIT "File ";PARFILES:® not found ":FILES DISKS+'e,e* :RESU ‘

4390 IF ERR=52 AND ERL=3940 THEN PRINT 'Ihu file nan is invalid...use a- dxmr
ent file nase" ‘thecks for
4400 IF EM'SZ L) ERL*S!OO TNEI PRINT *This hlo nase is invalid...use 2 decr

7 ent file nane® :RESUME JB4O ’checks for . -

4410 IF ERR=70 THEN PRINT *Disk“*3D1SK$;* ﬂ'lﬂtu prouf.tld - use mothn or re
aove the write-protect tab®:6i 2950: RESUNE . .
4420 1F ERR=71 THEN PRINT *Put the disk in ""SOSU! 2150 RESUNE SMQ
4470 POKE LHS5B, |

.. mo N ERROR 8010 o .
“ 4440 REN sttt input iwnl\ior RINIQUADB! HAH
4470 LARS=] ‘every point is used - :

4400 INPUT °How ‘aany formation constants are there 1n this sxstu

T 4490 INPUT 'no- ,0any of these will be deterained with MINIQUADBL *; -

4300 NAXIT=50 * saxisus nusber of iterations w o

- 4510 IPRIN=0 'iterations are not eonitored

.|'

4520 PRINTINPUT *What is the nusber of rmtam (sass balance equauonssmqan -

“dsebaetalsel) *;MBE
453G NC=NMBE-1 ’numr of unknown free concs. por dau pomt B

4340 PHCAL=1", -
s* ﬂ!l INPUT *Do you' want to refine Eo (Yes/No) "jANSS
e THEN INPUT *Do you want to refine pHcal (Yes/No) °; 1 ANSS..

AE70° ANSS=NIDMY s, L 1)
. 4580 IF ANSS= ’ a&sz v* THEW IREF= ELSE IREFs0 . : '
09 .

- 4590 TEWP=25' .
L4600 PRINTRL LARS, N .MHY IPRIN MlE.NC,PHCAL REF TEW :
bcs of the. ﬂwuhq\ :mstanti, :

S

-

4610 PRINT:P m :PRINT: *Now start” entering the L
or estisations of such:®

8620 FOR 11121 10 MK

4636 PRINT: mm-rnm “Constarl nusber 111i"...... ..mumLscousr

* 4640 JPOT(I11)=INT (ILGCONST) .
4650 BETA(111)10'~ (ILBCONST-JPOT (111)) e -

4560 PRINT "What are the rdictant stoichiosetrit mﬂs at t‘tl pK;'»i‘n the order: -

of setal {if goomt%,.l.le amm{ Jthen protons... ,

4670 PRINTHL,JPQT(I1] MIIL R R :
4480 FOR& J*l e : .
4690 PR] -=- of~reactant ’; JJJ' I% AN o

4700 INPUT J R1(LIT,I) - W
4710 PRINTS! mmh A0
4720 NEAT JU3 .
S0 - 4730 INPUT *mill thu mutm cnnsunt be rmnod (Vullo) b MSO
. mo msu-um K
gnt' mp,x'y THEN IKEV(IH)-I ELSE lmmn-o :
mo n IXEY( MY :
. AT70 NEXT -
4180 IF zomn' THEN JEL-i ELSE m-o :
4790 PRINT

A ‘o

- 4800 PRIIT'?‘IIT. *Now -mtor in the xmtul nudm of ssoles each rncttnt (Mm‘ )

- ave 1 m-)‘m the mms.

v

o

l.,

.

4810°REN SR ) B, » o
- 4820 FOR m:x 10 MiBE .o
* 4830 PRINT . =~ ssales reactant 1!((; RN A
4840 KUUT TotCaKkG - > R A .
. .. u&v . R ‘
i - < . ’ . ‘ ) 4
M . [—
‘{: * i = ¥ i N - ’*’



“ .

»

»

A}

»

L nw m g
. 5500 REM ;&umﬂbrontm to :onti»uonsly read tM pH utor »uuumm . .

LY

50 0 PRINTOL TOTCUIKK) o - o

4850 NEXT 1K .

4870 IF JEL=1 msu INPUT *What 15 the Eo value-"4EQ ELSE E0sQ! , .

4880 PRINTSL,E ' ’ :
mg SRIIY ‘Mt are the :om:mratnons of nch reactant in the TITRANT® (ncqmv

el .

4900 FOR LLL=1 TO wupf - J
4910 PRINT * === of ructant 3 LLL'
4920 INPUT ADDCIILLLY . ) : ! -

-

~ 4930 PRINTOI,ADDC] (LLL) . R : e Lol

4940 NEXT LLL . ’ B -
4950 INPUT 'lMt is the untul voluu of the solutnon m.)'aVllll

4950 PRINTOL, VINIT ‘

4970 PRINT: Pﬁlm SPRINT:PRINT “WASN'T THAT EASY?'*:PRINT: PRINT » . . .
:::0 REM forpatting the initial data for einiquad . -

3000 FUR I=1 10 10:PRI T‘ZFK!T I o . . S T,

- 5010 PRINTA2,* *3TITLE

$020 PRINTEZ, USING *  B°SLARS, NK,N,NAXLT, IPRIN, WADE, K€ e
5070 PRINT#2, USING *0.809%;PHCAL; . »
$040 PRINTA2, USING® 8% IREF;

9050 PRINTE2,* 0* ' ' . T
5050 PRINTAZ, usm L 111 K LH xm - .
5070 FOR NWNs1 , , .
5080 PRINT#2, usm R | O“M':KTMMD, - ! : .
3070 PRINTZ, USING * 04°5JPOT (NNN); . e .
5100 FOR MMM=1 TO NWBE . . , .
SU10 PRINTO2, USING *  S84°3JOR1 (NN, N} § LT . _ R e L
. 5120 NEXT pih o o e L
$130 PRINTS2 USllG * 005 IKEY HiN) - - e
SI40 NEIT Ntk : . .
5150 PRINTH2, USllG' 15 0EL . . v .
S140 FOR T1l=1 TO WMBE .o . v
170 PRINTOZ USING "S848. I“N';TDYC(IIIM : T . T .
5180 NEXT 11} - .
£190 mmz. y B
5200 PRINTH2, US]NS ° MM E0 Lt | S : . h
5"18 FOR JJJ=1. T0 NMBE : o Loy o , .
3220 PRINTA2 usm .00 M)I)CHJJJ). t . <
5230 MEXs 43l L T
. 5240 mmz USING * 89008, 000°;VINIT o . 4 .
- 9250 RETURN 109 ’ ' o . e, :
5260 REN subroutine to aet [ araseters 6ru arfiled T .
3270 INPUTEL LMS N, N, RALTT l BE, NC, PHCAL, IRE TEnP e -- :
5280 PRINT: tPRINT } There are mpatxon constants‘ iN; > o be nhned... co e
. 5290 PRINT: PRIII * loq(bcta) . - refined ? )
9500 FOR 1=1 10 .
S SHO IneuTay JNNH BETA(L) _ ' - .
5320 PRINT Uél'ﬂﬁ ‘N, "N E' IETMl) ‘PR!II USING "o8 ,
$330 FOR J=i T0 MABE
5360 INPUTAL, JORL (T, J)
350 PRINT abei Ji . A )
. 3360 NEXT ‘ i N ~ .
0 TRUTOL ke 1T R SER .o
5380 1 usvhm THEN PRINT ‘-m- ELSE PRINT ,"No - . , '
- 5390 NEXT 1 ca RN
3400 antm} JEL ' ' " : - : . .
5410 6070 e T RN ’ . -
9420 -60SuB 4990 . - N . N Vet
5430 RETURN : o . s ,
. A0 END . o - .
450 REM sssasisegieses wbrutlu t o 0-and | tesabessssantens | .
60 IF VPAGET=DPABEY. THEN SCREEN 0 3 ELSE SCREEN 0,0, APABER, | : S
g&‘g }é VMSEM THEN VPMEW) ELSE . i . e S

310 TESTaT - 'sef the test flag . L
.~ S520 KEV(1) . OFF:XEY12) OFF ’tngwmly ture ml of o ’ b e .
- 3330 KEY(3) NF:IEYH) F:KEY ‘. T
. 3540 ON KEY{b) 6OSUD S5 O.KEY (6) SIOP ' proaraa ny Fé to m out ot thu . . R £
- - ‘ P} ".“ N . \ . —
Ay ’ \
. ’, - . . N V - .
. ‘-l. - .' : ) “v ,h .':;‘: *-i ; . ; . T .
X %, . - PR ;-v - oy \:‘ ""Y._.;‘; :“ . ::‘,. :}- “-;_:“ - ¢
» ' : A T s T
; ' 4 9 te, Vi T s, TR -2
R PR Y1 : L



-

Ve

7 5930 FOR ;3 1000 NE

- 5980 O KEYI

(o) DN
3690 605UD 1460
5700 KEY () OFF
5710 LOCATE 12

40 and rnd" the dw . .
'start pnntm ph snter rndmp .o

.

§§i% eeummw #W“ﬂ' ( m‘im 5“"“ position on dats page
5500 LOC ) m up line 2%
5590 com 23 b (PRINT * Neter Test  *1:COLOR
5600 PRINT® press *3:COLBR 0,7:PRINT PR ;cﬂm 7,0:
. 5610 PRINT® to return®
$620 LOCATE 1,1 , ‘ -
5430 PRINT * “SCHRY(1TY) - y S
5640 FOR =1 34 10:PRINT * *+CHRS (195) NELT | AR
5450 PRINT 'oW(l?SNBTIIINU 196) .
§o80 FOR 341,70 10:PRINT * (195) :NELT |
5‘70 PR n L3 "Cm’( ' ‘w
5580 KEA(6) <

2720 IF MODES=* p THEN PRINT USING °04. 0800 PHINUMBERY 4.
730 IF MODES="a® THEN PRINT USING "4490. w;mmm e

3740 FOR [1s1 TO NTIMEST

750 l; METER®= 0" THEN 1C0Ls11 ELSE 1CO0Ls1411

9780 1
UMERL)) /)

S770 IF TRONC1” THEN xgﬁwn-v .
5780 IF IROM)23 THEW

ﬂ

. 3790 LOGATE IRDM,2¢1COL+Y .PMII THR$(254)

1800 ‘
I8 LOCMé 25, 40. I USIN “ N, ““"SLOPE' L
Slﬂ 00005 SWSL& PRINT ')' R T

36820 PRIIT "

MDEM:p HEN IMIZ-(HIZ)-PNIW"HI 001 ELS( lm-ﬂ-(l(ll)-?ﬂil

>

* S840 80T 5570, 2 R rm the seter tmtmmsly unlus Fb i prnm

5850 REM return Fros test routfne.
70 KEY1b)
5890 SCREEW 0,0 BPME»I,IPAGE!
5 j old |
5910 COLOR 0, 7:PRINT * F1 '“m. 1,00

3920 COLOR 0 1:PRI ;2 *$:COLOR 7,0:
5930 COLDR 0 TAPRINT * 3 955COLOR. 7 00!

SCREEN 0,0.TRHGEL, 0AGEL: "#1ip back to dats page
5380 TEGTeFALSE reset the test flag - %

;-

v
.«

m 25 ny amn.

ihh

INT *
INY

* Stop mntm 'i’

5940 TOLOR 0,7:PRINT * F4 *5:COLOR 100: mn * Sereen *
. 59%0 COLDR o 7:PRINT * FS o 1:COLOR 1,Q.r m * Test ';

10 to prmm position on data puo

5980 LOEATE AOW(DPAGEX) counmm
$970 KE¥L]) go_mm OH:KEY(3) ONLKEY(D)

508UB 5500: xev {5) Ow
5990 RETURN

"turn, keys on aqm

e e,

Pmoﬂv Igmm '( , '
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e New set of titration parameteslh

1 ’ ' .

. v y% ﬁ

| T S . )
. ( ) ‘18w PC Titration Pro ‘ T 07-11-1983 12:39:3) -}

R w k.
.~ - i .

| Are the- ntrn!on 0"0”&": lﬁrndy stored tn o disk H\c (!/n)7}o
“then enur the parameters now...... .

.innr ] sh\t. cncnpun title IN CAPITALS:

TITRATION 1 %o

- Hill this the meter rndin” n u:v or PH (mV/pH)? mv
end mv? -400 . *
Will this titration be in conuant\nv or volume Mcrncnu(ﬂ/pﬂ)’uv
mY fncrement? -0
. What do you want the first two voluu additions to be? 0.2
maximum equitibration delay (seconds)? 120
maximum allowed change of mV per min. vor oqunibriun’ 0.1

- N— - .
- r

What
What
RN
What

L hoee

is the file in which these m:m:'mzs wil) de stona’ivnto par

fs the file in whfch the DATA !s to be stored? Jul,noo; dat
this dats be processed with MINIQUADAL, of in another way (m/0)? o
is the initia) burnu valume (usually 0,0f courn)"l 23!5 .

MAKE SURE THAT THE 1.ow'aL 'oun:n: 15 READY

teoee
[}

R . .. -
' . s, N ' . N
: . N .
2 ° ‘-\ Y]
¥ : T
.)' . . [} <T
'] Are the titn‘uon PARAMETERS .lrudy stored in a8 disk Hlo\(}/n)?
. 1 Enter tho nme of this file: mvmviO.par ) ..
“Enter & "Mort. hscr,iptfn tgtlc R CAPITALS:  TITRATION a2 .
Tho following tj;rnibm parameters will be und-.wﬁ» & N Y X
¢ @nd mv -400 : T ey g v .
seximum: »volume of Ntrcm 1 nl.. .
* MY fncrement -10 . B
the first.two volyme 2 ttuns will be .0,2 oL each . .
saximum equilibration:deVay 120 seconds - e .
maximum 8l)owed cungo of mY per min, for oquﬂnru-. 0.1
What "is the file 1n which the DATA 13 to be stored? JuHIOO? dn
Wil1 this dets be processed with MINIQUADB1, or 1n another way (m/0}? o
What s the 1n1t1.l dburette volume (usually 0, of coursc)' 0. oooo .
I eeeee paxe suRE YMAT mt 1.000ML IURIT]L 1S READY -oveee ;
N —— — L »
N . . * - * . ~
“. . ’ T ¢ 1] “‘ .
. .§? . . . e l . : ) .
- " [] L) - ° i .
t: ¢ P Yo , 4 ) : T
T 5* s, >. . ’ ’ . * e Al “

'y
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Lf_MINIQUADS] s to be vsed for Dats Processing: °* .- '

\ MIMiONADS] catculates the overal) assoctation constants
colled #'s, sccording to tive following relatfonships:

. ; ; pt & qb o PH () lean
. . , -
. . [HquMrJ
N TSI
” . “
whete M, § and M represont metel, Yigand and protons,
rospcct'voly with’' the stiochiometric coeificionts p, q and r.
The program will format the dats for direct use with
MINIQDADR] (MINIQBIDOPTH) 1f specified. What follows 13 o
1isting of the prompting for setting the initial progrem
parameters - how many constants are torbe determined,

initisl amoles resctants, etc. - with Sl-plo‘responsol -
incuded. . .

[ it) this gatalde processed with MINIQUADB], or in ancther way? &}
— : 7

) 1f these paramaters have already been stored in the
parameter file opoaod for this titration they will be yritten

to the terminal screen for<you to see. .Otherwise, you wil) ’ . ‘
enter them in as follows: *
How uany fornatton constants are there in this systea!?! 2 § Y . .

Mow many of these will be determined with MINIQUADEL Y 1 v
. . - -

.~

What.is the number o( recctants (mass balancc -quotionz-a\1gandso

ametplsel)? 3 . . Y

Do you wadt to Fefine fo (Yes/No)? yes < - 0r f%CAL tf |

e ) , B - PH -mode
Now-start eptering the LOGS of the foraltion coartants.;’ . .
estimations of such: , - 1 : »
Constant musber 1 ....... .10.745 ‘ ) .

- Mhat are the reactant stolchiometric coefficients st this - ‘ogK, . . Vs
in the order of mets? (tbpr-nu;). Hund(s). then protons (t1 ‘ '
on-. cntcr a negative coefr.)....

_ ‘ e-c of reactant 17 1 og. for MLN2 co-p!cx )
. o ---_af reactant 21 1 then 1 1 2: .

««-"0f resctant 3! 2 v
\_ Uill this fonnarion conxtant be refined (Yes/No)? no

-) . 'A“'.v
'ronpt'ng 7or ontering for-at'oa corstants v!l!“eont'nuo . .
until the numbder of formation constants for the cxporiltatcl o
system specified obovo is-resched (here, 2). . o
. -— ‘ 4

r v \

T Mow unzcr the 1niti1al number] of amoles or ooch rooctant (ncgctive - N )
17 0Om.) 1n the TITRATE: . . -} .

Lo .anoles rooctant 11 04573 — . AN .
T ‘ees mmoles resctant 27 0.479089 : t : .

T ¢ ees -uol#s reactant 37 1.45384 kg 11 ust W .
Unat Os the fo value! 4405 ‘- not aske nsing p o it
What are the concenbrations of each vcoctant 1n the TITRANT ' L

. (negative 1f OH.) : . " m PR B .
e of rooetunf 17 0 ) . " ¢ . AT e
- ese of Pesctant 2? T e : ,,' P .
‘eee of resctant 37 - -1.0034 - P .
. Cwhet 13 thd 0n1!1¢l veluse of the soLu&ion(uLl‘ Zl $06 " U .
~/ . - ‘
LI ’ ’ 4 u : A .
- "-- ." = i W, '.. s ¢?~ . ’ . ._‘«. . .
" “ - ' ‘ . _‘ M ' 4 “ «.L_:.‘_: - ,,,. LA L .
’ \ . : [ - a tet -



