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HISTORICAL 

EMA (the 1:1 copolymer of ethylene and maleic anhy

dride) was 1'1rst synthesized by Hanford (1), and later by 

the resear?h personnel' of Monsanto Chemical Company in St. 

Louis, JUssouri, under the supervision of Johnson (1). 

Maleic anhydride dissolve.d in benzene was charged into a 

standard 3-1. autoclave provided with agitation •. Benzoyl 

peroxide was added to the charge and the system was flushed· 

with high-purity e.thyl~ne. The charge was heat.ed to the 

polymerization temperature of 70°, and the pressure was 

adjusted to 300 p.s.i.g. and maintained at this level 

throughout the reaction. The polymerization time was 15-
. . 

18 hours. The polymer was recovered by filtration and dried 

in a vacuum oven at 110° for 18-24 hours. 

Personnel ot' Monsanto (2) have made an extensive 

study of EMA. Various molecular-weight polymers of EMA and 
. . 

its· chemical deriv.atlves have been prepared and studied. 

Table I shows the solubility of EMA, the corresponding 

acid, and the sodium salt in various organic solvents (2). 

The chemical structure of EMA is given below. 

H H H H 
-c - c - c - c -g H I I 

O=C C=O 
'\. / 

0 n 

l 



TABLE I 

Solubilities of' EMA in Organic Liquids 

Carbon tetrachloride 

Methyl ethyl ketone 

Acetone 

D1oxane 

Pyridine 

Dimethylformamide 

Benzene 

Hexane 

Ethyl acetate 

.Ethanol 

Anh.ydride 

I 

I 

s 
I 

s 
s 
I 

I 

I 

I* 

S - Sol~ble 

Acid Sodium Salt 

I 

I 

I 

s 
I 

s 
I 

I 

I 
' 

I 

I - Insoluble 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

*Dissolves with halt-ester formation after 2-3 hours 
at reflux. 

2 

Ethylene•maleic acid copolymer and water are completely 

soluble in each other. When the anhydride is st1rred·w1th 

water at 95°, it hydrolyzes to the acid form of the polymer 

in approximately ten minuteso EMA solutions are used exten

sively to change the viscosity of' ,solutions, dispersions, 

and emulslonso 

Following 1s a list of various fields in which EMA 

copolymers have found application: adhesives, control o·t 

crystal growth, detergents, foundry core binders, non-. . . . 

flammable paint removers, non-woven fabrics, oil well 

drilling muds, paper sizes and f'1n1shes, photographic film, 
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pigment citspersants, pqlymerization aids, resin.thickeners, 

cosmetics, toiletries, su~pending agents., cleaning oom-
. ,. . .. . . ~ . ..... ' . . . . . . .. , .. . 

pounds, lubricants,,_ ceramics, textile sizes, textile co.~t .. 

ings, and tumor 1nh1b1ters (3) ~:. The· use ot EMA as tumor 

inhibitors attracted our interest .and led to thls research. 
i . ; .. . . ·' . . ' . . .. . . : ~; ... 

·Hydrolyzed maleio·anhydride copolymers are known to form 

chelates witn alkaline earth metals.· Morawetz, Kotliar, and 

Mark (15) studied the chelation of alkaline earth ions with 

·hydrolyzed copolymers of maleic anhydride with vinyl ethyl 

ether and with styrene 1.n the presence of 1 :! potassium 

nitrate at 25°; chelate formation cons.tants varied from log 

1.36 to log 2.45. More recently Monobe (16) investigated 

copolymers of hydrolyzed maleic acid with vinyl acetate and 

with styrene at low and high ionic strengths and determined 

formation constants for the chelates with barium and calcium 

ions. The polymers gave.very different curves on titration, 

the difference being attributed to the tighter ·C,oillng of the· 

styrene copolymer. 

Gregor, Luttinger~ an<;i L9ebl (17) measured the formation 

constants for polyaorylio acid-copper. complexes by potentio

inetric ti trat1ons. The complexe.s have greater stablli ties 

than those of glutar1c acid (a monomeric analog). Wall and 

Gill (18) iivestigated the interaction of cupric iona with 

p·olyacrylic acid spectroscopically, polarographically, and by 

pH ti trat ions, .and found some evidence for the fqrmation of a 

complex between copper and polyacrylic acid. Kotliar .and 

Mora,etz {19) found evidence of a single coppe~ chelate of 

polyacrylic acid and of polY!flethacrylic acid which persisted 



3a 

over a wide range of conditions; the chelate seemed to in

volve four carboxylate groups (20). Gregor, Luttinger, and 

Loebl (21) measured the complexity constants for polyacrylic 

acid with magnesium, calcium, manganese, cobalt, and zinc 

ions. The complexes of the alkaline earth metals are less 

stable than the others, but none are as stable as the copper 

complexes. 

Jacobson (22) has shown that the btnding of magnesium 

ions to polyacrylic acid is dependent on configurational 

effects of the polymer. Divalent cations such as copper and 

magnesium have different affinities for different forms of 

polymethacrylic acid. The isotactic polymer has the higher 

affinity for copper(II) ions, while magnesium(!!) ions are 

bound more strongly to the syndiotactic species (23). 



INTRODUCTION 

Considerable research has be·en done in the P.ast tew 

years in the field ot cane.er chemotherapy. Included among 
r '.' . 

the· compounds. studied are·· seve~al ditteren~ moleculEµ" weight 

tractions ot various derivatives o.f EM.A. Table II shows 
. · .. · . 

data tor the inhibition of a mouse tumor, sarcoma 180, by 

some such derivatives of EMA (3)o The.doses shown for each 

oompou~d g~~e maxi1:11um inhibition- ot the tumor wi tho~:t being 

toxic. The higher molecular weight tractions show greater 
. ~·,. .. . ····-·· ..__ ..... 

toxicity $?ld greater tumor inhibition on a weight basis. 
. . .. .·~ I . . .. 

Our c)li~t interest was to find some property of the various 

molecular weight-fractions (2-3,000, 20-30,000, and 60-

70,000) of HEMA (hydrolyzed ethylene-maleic anhy~ride 

copolymer) which m_ight be related to their abilities to 
... 

1nhib.1t tumors. 

·Since the structure of these polyme:rs allows them to 

torm chelates· readily '9 ith m·e'.l;als, a comparative study was 
. * . made of the relative stability constants. · of several molec-

:ular weight tractions for the·· metal chela.tes of copper(II), 
. '\:;;: .. :~ . .., 

cobalt(I:t), and nickel(II). These me.tals .. were chosen 

1The term relative stability constant as used here does 
not reter t()·· a true_ sta:t?111tY""Cfonst·arrt-;-·bb.t'·to the ab·11tty 
of' the· ,three moleciilar weight trao·t1ons t·,r· c6mplex· the metals 
ment·1Qned. · Further discussion ... o:t this· point will be .t'ou:nd · 
&n :page 24. 

4 



Molecular 
Weight 
Fraction 

2-3,000 

20:..30,000 

60-70,000 

80-100,000 

120,000 
and up 

TABLE II 

. * Inhibition of Sarcoma 180 by Poly(Ethylene-Maleic Acid) and Derivatives 

1R1 H H H~ 
0---:-C-C-C. 
R H I I 

2 C=O C=O 
I I 

X . y n 

R1 = H, ~ = H, R1 = H, R2 = H, R1 = H, R2 = H, . R = H, R2 : OH3 
x = OH, Y = OH x = NH2 ,Y = ONH4 x = ~· Y = OH X = NH2 , Y = ONH4 

Dose, Inhibition, Dose, Inhibition, Dose, Inhibition, Dose, Inhibition, 
mg./kg. % mg./kg. % mg./kg. % mg./kg. % 

200 54 300 80 400 70 400 59 

100 72 50 81 100 78 50 67 

10 55 50 65 100 69 50 59 

4 46 75 83 25 58 

4 61 75 72 25 51 

* W. Regelson, S. Kukar, M. Tunis, J. Johnson, J. Fields, and E. Gluesenkamp, Nature, 186, 778 
(1960) ~~ ---

\J1 
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because they had shown antitumor activity when used with. 

2-keto-3-ethoxybutyraldehyde bis(thiosemicarbazone) (KTS) 

(4). The metal derivatives of this compound, particularly 

that of copper(II), showed greater inhibition of the growth 

of tumors than the ligand itself. These particular metal 

ions have important functions in biological systems (5). 

The stability cortstants of the metal complexes were deter

mined potentiometrically. The determination of stability 

constants b,Y this method requires the calculation of the 

ionization constants of the acids. The calculations for 

both the ionization constants and the relative stability 

constants were performed on an IBM 7040 computer (Appendix). 

The calculation of the ionization constants was made 

by the method of Noyes (6) as modified by Albert and 

Sarjeant (7) for the ionization constants of a dibasic acid 

with overlapping pK8 values. In order to permit the calcu

lation, the following concentrations must be considered: 

If one 

C, the total concentration of all species of the 
acid being titrated, 

B, the concentration of the added alkali (if no 
reaction occurred), and 

H, the hydrogen ion concentration. 

lets 

x ..... [H+](B - C + [H+])' 

y = 20 - (B + [H+])' and 

z = [H+] 2 (B + [H+]), 



then it follows that 

= 
Y1Z2 - Y2Z1 

X1Y2 - X2Y1 
and Ka = 

2 

.x1z2 - x2z1 

Y1Z2 - Y2Z1 

7 

· where x1 , Y 1, and z1 refer to values of X, Y, and Z calcu

lated from pH values obtained with less than one equivalent 

of titrant added and x2 , Y2, and z2 refer to values of X, Y, 

and Z calculated from pH values obtained with more than one 

.equivalent of titr~nt added. Pairs of readings are selected 

from either ~tde of the mid-point; the selection is prefer

ably, but .not necessarily, symmetrical. We chose symmetrical 

values for our calculations. The equations for the deter

mination of C, B, and H may be found in the 7040 IBM program 

for ionization constants in the appendix. 

The calculation of the stability constants by the 

potentiometric method (8) requires the calculation of two 

functions, [L=] and i;'.. [L=] is the concentration of the 

-free chelatints species and n is the average number of mole-

cules of ligand bound by one atom of metal. The following 

is a ~evelopment of the equations for [L=] and n, The con

centration of free and combined hydrogen ions [H~] can be 

expressed in two. ways: 

[H+] [H+] -
= + [LH-] + 2[LH2] - [OH] (1) 

0 

[H+] = [Lo] + [HCl04-] - [KOH] (2) 
0 

where [Lo J is the total concentratlon of ligand added. From 

equation 1 and equation 2 we get 
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[L0 ] + [HOl04] - [KOH]= [H+] + 

[LH .. ] + 2[LH2] - [OHJ (3) 

From the mass action equations 

the values of (LH] and [LH-] may be found. When these are 

substituted into equation (3), we get 

Solving equation 4 for [1=] gives 

[1=] = 
[Lo] + [HOlo4J -

By definition 

n = 

[H+] 

[LM+] + 2[L2M] 

[Mo] 

Ka 
2 

-[OH] 

[KOH] - [H+] -+ [OH] 

+ 2[H+] 2 

Ka Ka 
1 2 

where [M0 ] is the total concentration of metal added. 

(4) 

( 5) 



Therefore 

Solving equation (7) for; gives 

n = 
[L0 ] - [L=] - [LH""] - [LH2 ] 

[Mo] 

Substituting the values of [LH-] and [LH2] gives 

n = 

9 

(7) 

(8) 

(9) 

The stability constants (K 1 and K2 ) for the 2:1 complex are 

found by the use of Bjerrum' s summation equati.on which 

-relates n and [1=] to the stability constants as follows: 

(10) 

where n represents various small numbers, N is the largest 

-value of n, n has the usual meaning, and ~n is the product 

of all of the constants from K1 to Kn. 

The correct values of K1 and f3 2 can be found by the 

summation of equation 10 over n = o, 1, and 2 for the 

bidentate complex of a bivalent metal (11). This yields the 

equation: 

-n = (2 - ri)[1=] 

(ii - 1) 
(11) 
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Equation 11 is the equation o.f a straight line of which 
,, 

the slope is ~2 and the intercept is -K 1• From the com-
-puter program for stability constants, values of n, X, and 

Y were obtained for each pH reading taken from the titra-

tions on metal solutions, where 

(2 - n) [L=] .n. 
x = and Y = 

(n - 1) 

These values for X and Y were placed in a 7040 computer 

program set up to s.olve the simultaneous equatlo.ns for the 

least squares (Appendix) which are: 

b Y = na + b ..L!. X 

~ XY = aLJ x + b L! x2 

where n equals the number of observations, a is -K1 and bis 

fj2• Valu-es of· X and Y corresponding to n values between 

0.95 and 1.05 wer,e rejected because values in this range ate· 

too sert;it1ve to experimental error. 

A. study.was made of the parti'tion coefficients between 
' \ 

water and 1-oetanol for each of the three. molecular weight 

fractions of the acids. Hansch (13) has sho'wn that par

tition between 1-octanol and w:ater is helpful in relating 

th~ biological activities of several series of compounds to 

their structures .. This partition function maY_: be relate4/ 

to the transport of the compounds in biological systems. 

The chelates of the oopper(II), cobalt(II), and 

ntokel,(II) ions for the three molecular weight fractions 

were prepared and se:nt to the Cancer Qhemptherapy National 
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Service, National Institutes of Health, Bethesda, Maryland 

for determination of' their antitumor activities. A pre-

liminary study was made of the structure of the chelates 

formed. 



,EXPERIMENTAL AND RESULTS 

All titrations were made on a Beckman model 1019 

research pH meter. The temperature was controlled by a 

Brinkman model 550005 Thermocool unit and a Haake constant 

temperature circulator model Fe. The titrations were made 

under a nitrogen atmosphere at 25°.· The titrant used was 

O .lj carbonate-.free potassium hydroxide made up according 

to the method outlined by Albert. and Serjeant (8). Barium 

hydroxide was added to a solution of potassium hydroxide 

(analytical grade). The precipitate of barium carbonate 

was allowed to settle and the excess ba-rium ions removed 

by passing the solutions through a column of ion~exchange 

resin (Dowex 50-WX8) which was in the potassium form. The 

eluate was a solution of pure potassium hydroxide free from 

carbonate. Prior to the titrations, the pH meter was cali

brated and standardized against Beckman buffer solutions of 

pH 4.oo and 8.68. 

Ionization 0onstants 

Solutions of 0.02! acid were prepared from the anhy

dride forms by refluxing in water for 2 hr. During this 

ti~e the following reaction occurred quantitatively. 

12 
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_(H H H Hl L~-~-,-IJ, + HOH-+ .il-~-~-~1 
~ H I IJ 

c c 
I/\/ i 
0 0 0 

. ,A 1\ 
0 0 0 0 

HH 

Since one unit of the acid has a formula weight of 144 

and contains two carboxyl groups, the equivalent weight of 

the acid is 72. To make 700 ml. of a o.02N solution o.882 -
g. o.f each molecular wei.ght fraction of the anhydride was 

weighed and hydrolyzed. Fifty m111111ters of each solution 

was titrated with 0.1003N base in 0.50-ml. additions with a ·-
pH determination after each addition. Figures 1-3 show 

the acid~base titrations. The volume of base added and 

each pH reading w'ere then used in the computer program for 

ionization constants along with the number of points, 

initial volume, molecular we'ight, sample weight, and nor

mality of the base to determine the values for PKa1 and 

PKa2 for each acid. The results are listed in Table III. 

The Ka1 values corresponding to the addition of 2oOO, 2.50~ 

and 3.00 ml. of base were averaged to obtain the value 

listed in Table III and the Ka2 values corresponding to 

the addition of 7.00, 7.50, and 8.00 ml. of base w•re 

averaged to obtain the value given in Table III for Ka2 • 

T.his experiment was repeated in a s.olution of constant 

ionic strength achieved by the addition of 6.123 g. of 

sodium perchlorate to each 50-ml. aliquot, giving a solu

tion which was about 1 H with.respect to this compound. The 



titrations were made in the same way as before; data are 

listed in Table IV. Plots of the acid-base titration in 

the presence of added salt are shown in Figures 4-6. 

TABLE III 

Ionization Constants of Poly(Ethylene-Maleic Acid) 
in 0.02li Solutions at 25° 

Molecular 
Weight 

2~3,000 

20 ... .,0,600 
60-70,000 

1.47 

1.40 

1.21 

TABLE IV 

K x 109 
·a2 

1.54 

3.13 

2 .. 40 

Iotiizatlon Constants of Poly(Ethylene-Maleic Acid) 
in 0~02.li, Solutions with lM, Sodium Perchlorate at 25° 

Molecular 
Weight 

2·3,000 

20-30,000 

60-70 000 
' c 

7.10 

7.26 

8.34 

3.59 

6.49 

5.29 

14 
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Stabilitl Constants 

Solutions of the perchlorates of copper(!!), cobalt(II), 

and nickel(II) were prepared according to Serjeant (10). An 

ion-exchange resin column was loaded with Dowex 50-WX8 resin 

(cation exchanger) and flushed with water until the elutant 

had the same pH as the entering water. The column was com

pletely loaded with the metal ion and then 12.2 g. of barium 

perchlorate dissolved in water was fiushed through the column 

with enough excess water to give 500 ml. of th- perchlorate 

of the metal. Nickel(!!) chloride, copper(II) sulfate, and 

cobalt(II) nitrate· were used. When 12.2 g. of barium per

chlorate was passed through the column, 500 ml. of the per

chlorate of the metal with a molarity of approximately 0.0625 

was obtained. The molarity of each solution was checked by 

placing 2 ml. of the metal soluticin on a column lo~de~ with 

Dowex 50-WX8 resin which had been flushed with water to 

remove any excess hydrogen ion on the column and then passing 

enough water through the column to give a constant pH ~eading 

of the elutant (approximately 300 ml.). This solution was 

then titrated with 0.09931 carbona~e.;,free potassium hydroxide 

using phenolphthalein as an indicator. The hydrogen equtv

alents released by the metal solutions were calculated from 

the titrations and converted to the molarities of the metal 

solutions. Three titrations were made for each metal solu

tion and the results averaged to obtain the following values: 
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copper(II) perchl9rate, 0.0621 g; 
co ba:l t ( II) perchlorate, 0.0608 )!; and 

. . 

nickel(II) per~hlorate, 0.0512 l· 

Thre,e so~ml. aliquots were taken from the HEMA solutions 

which had previously been prepared tor determination of ion

ization constants. To one 50-ml. aliquot from each molec-
l 

ular weight fraction of HEMA, 4 ml. ot the copper(II) per-

chlorate solution was added to give a 2:1 ligand-to-metal 

ratio. These solutions were then titrated with 0.10031 caz,

bonate-free potassium hydroxide. The corresponding pH values 

for each addition were determined. The pH readings and the 

correspondJng volumes of base added were placed in thLcom

puter prog;ram. along.with the number of po1nts read, molec

ular weight ot ligand, sample weight of ligand, initial 

volume ot solqtion titrated, molarity of metal solution, 

volume of metal solution added, PKa1 and ·PKa2 of the ligand. 

Values of X, Y, and n are obtained from the stability con

stant program for each pH record~d. X, Y, and fi are defined 

1n the introductory discussion on the stability constants. 

X and Y values were then submitted to the least-squares 

program and values of~ and K1 were obtained from which K2 

values were c~lculated by dividing , by K.1• These results 

are listed in Table v. 
The above experiment was repeated with the solutions 

all made about 1 molar with respect to sodium perchlorate 

by the addition of 60125 go of this salt to each 50-ml. 



TABLE V 

Stability Constants of Chelates -0f Poly(Ethylene-Maleic Acid) with 
Copper(II), Cobalt(II), and Nickel(II) at 25° 

Molecular 
. Weight 

~~~~~--~~~----~~----~~~~~~~----~~~·~~~~~~--~~--~----~--

Copper(II) Cobalt(II) Nickel(II). 

log K1 log K2 log K1 log K2 log K1 log K2 

~~~--~~~----------~~--~--~--~---·~----~--~----~~--~--~~_.. .......... ~--------~---..,. .. --~--~~-·~--~~~----~--~~~--~ ..... -
2-3,000 

20-30,000 

60-70,000 

9.27 

9.21 

9.39 

3.32 

3.20 

3.03 

7. 79 

7.47 

7.72 

2.55 

2.95 

2.92 

7.84 

7.51 

7.78 

2.93 

2.86 

3.06 

I-' 
-..:i 



TABLE VI 

· Stability Constants of Chelates of Poly(Ethylene-Maleic Acid) with 
Copper(II), Coblat(II), and Nickel(II) in 1 M 

. -
Sodium Perchlorate at 25° 

IW'-- -· 
Copper(II) Cobalt(II) Nickel(II) ·- - w . --·--· 

Molecular log K1 log K2 log K1 log K2 log K1 log K2 
Weight 

~ WWW 

2-3, 000 5.60 2.14 3.11 1.54 3.14 1.75 . 

20-30,000 5.73 2. 30 3.09 1.97 3.11 1.98 

60-70,000 5.80 ---~ 3.02 1.59 3.05 2.29 

...... 
CX> 
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aliquot of acid. Results of these experiment.a are in Table 

VI. 

The potentiomatrio method of determining stability con

stan't.::S is .based on .a change 1n .pH upon chelation; therefore 

plots of the dlfferences in pH show the relative amount of 

chelation of the copper(!!), cobalt(II), and nickel(II) com

plexes of the three molecular weight fractions (Figures 7-12). 

Maxima in these curves occur at the points of maximum com

plexing~ These data are summarized in Table VII. 

TABLE VII 

Maximum Values of ~ PH for Copper( II), 
Cobalt(II), and Nickel(!!) Complexes 

___, ___________ ........., ____________________________________ _ 

Molecular 
·weight' . 

2-3,000 

20- 30.,.000 

60-70,000 

Copper.(II) 

2.804 

2.628 

2.702 

_farti ti.on Coeff'icieni§_ 

D.. pH 

Cobalt(II) 

1.921 

1.821 

1.892 

Nickel(II) 

2.054 

2.005 

2.034 

Water was saturated with 1-octanol by placing 50 ml. 

of 1-octanol and 360 ml. of water in a fl~sk and shaking 

for 24 hours. This solution was allowed to stand for 12 

hours. 1-0ctanol was saturated with water by placing 50ml. 
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of water and 360 ml. of 1-octanol in a flask and shaking for 

24 hours. ',fhis solution was allowed to stand for 12 hours. 

The anhydrides were hydrolyzed to the acids by heating 

0.126 g. of the three molecular weight fractions for one 

hour at 95° in 60 ml. of the l•ootanol-saturated water solu

tion. These solutions were diluted to 100 ml. with the 1-

ootanol-saturated water, giving solutions that were 0.02}! 

in the polymeric acid. Five-ml. aliquots of these solutions 

were titrated with O.Olli potassium hydroxide to determine 

the pH of the first end-point. 

Twenty-milliliter aliquots of the acid eolut.1ons were 

added to 100-ml. portions of the 1-octanol which had been 

previously saturated with water. These solutions were 

shaken for 72 hours and allowed to stand for 24 hours. 

Three 5-ml. aliquots of the aqueous phase were titrated on 

a Radiometer-Copenhagen type TTTIO titrator to the pH of the 

first end-po~nt of the acid solutions. Five milliliters of 

base were required to titrate 5 ml. of the original acid 

solution to the first end-point. The results of the exper

iment are shown in Table VIII. 



TABLE VI,II 

Partition of Poly(Ethylene-Maleic Acid) 
Between 1-0ctanol and Water 

Mo'lecular 
,Weight 
Fraction 

2-3,000 

20-30,000 

60-70,0QQ 

Base R•quired for 
5'ml .. of the 
Aqueous Phase~ ml. 

5.08 
4.87 

. 4. 95 

4.82 
4.77 
4e80 

4.75 
4.72 
4'.74 

Preparation of Complexes 

Ratio of Acid, 
Water/1-octanol 

620 

120 

91 

21 

Oopper(IIl Complexes. - Six and three-tenths grams of 

each ot the three molecular weight fractions of EMA was 

hydrolyzed by boiling in 800 mlo of a 7:1 mixture of water 

and dimethylf'ormamide. After boiling for 30 minutes to 

insure complete hyd;rolysis, 6.04 grams of copper(II) ni'trate 

was added to the so·lution. The pH of the solution was 

raised to 4.5 by the addition of potassium hydroxide. 

Upon the formation of the copper complex, the s.olutiori. 

tended to gel but by diluting the sdlution with water as it 

cooled, gelling was prevented. The solution was agitated 

continuously during the operation by means of a magnetic 

stirrer. The complexes were separated in a cen~rifuge and 
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dried on a steam bath. 

Nickel(II) Complexes. - Six and three-tenths grams of 
------....--------------

each of the three molecular weight fractions of EMA was 

hydrolyzed by boiling for 30 minutes in a mixture o.f 100 

ml. of water and 300 ml. of dimethylform,amide. Then 5.95 g. 

of nickel(II) chloride was added to this solution and the 

pH adjusted to 6.o by the addition of potassium hydroxide. 

The solutions were agitated on a magnetic stirrer-hot plate 

combination. No appreciable complex was visible but upon 

the evaporation of the solvent to approximately one-third 

of the original volume and addition of carbon tetrachloride 

the complex was obtained in the form of a gummy substance 

which was separated and dried on a steam bath. 

Q.£)balt(II} Complexes. - Six and three-tenths grams of 

each of the three molecular weights of EMA was hydrolyzed 

by boiling for 30 minutes in a mixture of 200 ml. of di

methylformamide and 200 ml. of water. After boiling, 5.95 

grams of cobalt(II) chloride was added to this solution and 

the pH adjusted to 6.0 by the addition of potassium hydrox

ide. The s0lutions were agitated on a magnetic stirrer-hot 

plate combination. Each solution was evaporated to approx

imately one half of the original volume and carbon tetra

chloride added to precipitate the cobalt complex. These 

complexes were separated by decantation and dried in a 

desiccator. 



I12:,vesti5ation of the Structure of !__Chelat~ 

An effort was made to determine the structure of the 

copper(II) complexes of HEMA,,molecular weight 2-3,000. 

23 

Solutions were made 0.02M, in acid and 0.01! in metal so as 

to give a 2:1 molar ratio of ligand to metalo The pH of 

one solution was adjusted to 4.53 and the other to 8.66. 

Th~se are the pH values which gave maxima in the 6. pH plot. 

Samples of these solutions were·. studied with a Cary 14 

recording spectrophotometer; spectra for th, two solutions 
0 

were obtained over the wavelength range of 4500 to 7300A • 
. . • 0 

Both solutions had maximum absorption at 7100A. 

The nuclear magnetic resonance spectra of the solu

tions were sqanned over the range of Oto 1000 cps. with a 

Varian A-60 spectrometer. Absorption by a carboxyl proton 

normally appears between 500-1000 cps.; however, no peak 

was found in this range. Peaks corresponding to the protons 

on the carbon chain of the polymer were pres.ent at 310 cps. 

(6- 5.17) and 182 cps. (6 3.03) along with the water peak 

at 250 cps. (6 4.17). 



DISCUSSION OF RESULTS 

Ionization Constants 

The ionization constants of the polymerlo acids were 

not as reproducible as those of a simple acido As the 

ti~ration proceeded Ka1 and Ka2 decreased. This variation 

is normal for a polymer owing to the change in charge den

sity on the chain as the protons are removed. The varia

tion in pK values can be minimized by the addition of a .a 

neutral salt, which raises the ionic strength of the solu-

tion. The increase in ionic strength prevents the polymer 

from changing co.nfigurations during the titration (14). 

This variation in pK has the same magnitude for all three a 
molecular weights; therefore, at the same degree of neutral-

ization the PKa of each molecular weight fraction could be 

compared with the others. 

Stabilitl Constants 

The method used to calculate the stability constants of 

the metal chelates does not yield a tru·e stability constant 

in the case o'f a polymer because of the change in pKa values 

with increasing neutralization. It was not our intention to 

measure .the true stability constants for these complexes, 

but to find the stabilities of the metal c6mplexes of one 

24 
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molecular weight fraction relative to those of the other. 

' molecular weight fractions.. By this method, we could deter

mine whether the degree of complexing between the different 

molecular weight fractions corresponded to the anti·tumor 

activities of the polymeric acids. This method makes it 

possible to compare the complexing ability of one molecular 

weight fraction to that of a. different molecular weight 

fractiono 

The values obtained from the solutions which were about 

1 molar wltb respect to sodium perchlorate cannot be used 1n 

a compari~on of the amount of complexing .. Since precipi

tation of the metal complex in the solutions containing 

sodium perchlorate occurred, the values so obtained have no 

meaning .. 

For solutions in which the ionic strength does not 

remain constant (solutions without added salt) the change in 

ionic strength upon the addition of the base will cause an 

apparent deviation i.n the pH; however, since all solutions 

were titrated identically, the change in pH due to change 1n 

ionic strengt~ will be the same for each metal solution and 

we may still use the diff~rences in pH as a valid compar

ison 6f complexing abilities. The plots indicate the fol

lowing order of strengths of complexes formed: Ou>Ni>Oo. 

This sequence is the same as that given by Irving and 

Williams (12). The corroboration of this known sequence is 
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an indication of the validity of this method of comparison. 

Partition.Coefficients 

The partition study showed that the relative solubility 

of the polymeric acid in the 1-octanol increased with in

creasing molecular weight of the polymeric acido This fact 

indicates that the difference in the antitumor activities of 

the molecular weight fractions may be related to thei:r trans.:. 

port in the animal. 

Preparation of Complexes 

In the preparati6n of the complexes for testing, it was 

noted that making the ligand metal ratio greater than 2:1 

speeds the redissolving of' the metal hydroxide which forms 

when potassium hydroxide is add~d to adjust the pH. The 

metal hydroxides precipitate immediately upon the addition 

of the potassium hydroxide and then dissolve as .chelation 

takes place. The solution is due to the greater stability 

of a chelate over that of a linear. type complex. The pH 

was adjusted to values at which the ~PR values were great

est in the base titration of the metal solutions. Since 

the difference in pH values of the metal complex solutions 

and the acid solution is due to protons liberated by the 

formation of complex, the maximum difference in pH occurs 

at the point of greatest complexing with the metal. 
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Chelate Structure 

The 6pH plot of each metal has two maxima. These 

indicate two major types of complexes which would be formed 

at different hydrogen ion concentrations. These should show 

two peaks in the absorption spectra of the solutions. How-
e 

ever, the spectra showed only the absorption peak at 7100A. 

Although the solutions were diluted and restudied the peak 

was not resolved. 

The nuclear magnetic resonance spectra of the solutions 

did no·t show, any absorption corresponding to a carboxyl pro

ton. This wa1;3 probably due to a very rapid exchange of the 

proton between the aqueous solvent and the acid. It was 

hoped that by a comparison of the spectra of the free acid 

and the chelated form, the number of carboxyl protons exist

ing per mole of chelate at the points of maximum complexing 

could be d.etermined and thus several possible structures of 

the chelate could be eliminated. Since no peak was obtained 

for the carboxyl proton of the acid, this could not be done 

in an aqueous solvent. 



SUMMARY 

Three molecular weight fract1ons of ethylene-maleic 

acid copolymer have ionization constants which are similar 

in magnitude; no relationship betw~en the ionization con

stants and antitum~r a6tiv1i1es of the fractions w~s found. 

The stability constants of the copper(II), cobalt(II), 

and nickel(II) complexes of three different molecular weight 

fract io.ns of the polymeric ac :td are somewh,at different, but 

are not related directly to the antitumor activities of the 

polymeric acids. 
•. 

The maximum amount of complexing with these metals 
I 

occurs at half neu~ralization of the acid. A charged com• 

plex represented by the fo.ltowing formula is indicated: 

H 
-C-

H ~ ~J-1] 
'o o' n ,+'' , H 

M 

This structure could not be fully verified by the data 

obtained from the n.m ... r. and u.v. spectra. 

When these acids are partitioned between water and 1-

octanol, a greater amount enters the 1-octanol phase as the 
. 

molecular weight. increases. Since their anti tumor aotivi-

t:tes also increase with mcdecular weight, the ant1tumor 

28 I 
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activities of the different molecular weight fractions may 

be related to their transport in the biological system. 
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APPENDIX 

Notation for Computer Programs 

CH ION 
or = Hydrogen Ion Concentration 

CONH 

CONLH 

OONL 

OONOH 

CONKOH 

INVOL 

= [Lo] 

= [1=] 

= [OH-] 

= [KOH] (if no reaction had occurred) 

= Initial Volume of Acid Solution Titrated 

MWLH = Molecular Weight of Ligand 

SWLH 

NO ROH 

VO LOH 

MOLME 

VOLME 

OONME 

NBAR 

= Sample Weight of Ligand· 

= Normality of Base 

= Volume of Base 

= Molarity o:f Metal 

= Volume of Metal Used 

= Concentration of Metal 

-= n (average number of ligand molecules attached 
to each metal ion) 
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SID S-666 
,,......,.$c..,l..,.O""B'-----'-~1_..,_0NllUl..ONC.OtolSL------·---

S J BJOB 
-~IBFTC . NODECK 

REALINVOLtMOLWT,SAMWT,NOROH,VOLOH,PH,C,B,CHION,X,Y,KAl,KA2• 
·. 1PKA1,PKA2 

INTEGER NOPTS,NPTS1,0NE,TWO,NPT12 
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___ __..n .... I...,M..,f_...NSl.OtL-'lOLOHl.5.0..Lt.E!:U.5.D..l...1.CLS.O.l-1..8.LS:Q..l . ..c.H!..ON.t..SO . .l.1.X..t..S.O.i......Y-LS~•-
lZC50 l ,A l10 l 

l FORMAT I lH 11 
2 FORMATII2,F5.2,F6e2,2F6o4l 
3 FORMATIF5.2,F6e3l 
4 FORMAT(/2X•l7HNUMBER OF POINTS=,J2,3X,16HlNIT VOL OF H20=,F6.2, 

----4-l..;;,.3x.....1.HMOLWI.;;.,E..7 .• 2,.3x,.1.0HSAMP-L.E--W!.;; . ...FJ ... 4._3x ... 1.0HN-OF--BASE.: .• .F. .. 1-.4/_J._i 
5 FORMATl2X,10A61 . ' 

. 6 FORMATl3X,5HML OH,5Xt2HPH,BX,1HC,BX,1HB,7X,5HH IONtllX,lHX, 
111X,1HY,11X,1HZ,BX,4HPKA1,8Xt4HPKA2///l 

7. FORMATl2X,F7e2t4X,F7e3t2C2X,F8e4l,4!2X,El0.31l 
8 FORMATl76X,4(6X,F7.3ll 

__ _9_EQRMA.I1-2.X.1.E.:z....2.1AX.1.F-7..a3 . .1 .. 2..L2X.1.EB •. 4J.,.4J.2.X.1£10.a3l/Ll.------------·-·-·-------
l O READ15,5llA(ll,I=l,10) 

READ15,21NOPTS,INVOL,MOLWT,SAMWT,NOROH 
IFINOPTS.E0.991CALLEXIT 
WRITEl6tll 
WRITE16,51 IACil,I=l,lOl 

______ _ldRll.El.6 . .t.4J NQP._LSt HIVOL.1.MOLW . .L.t.S.AMW.I_1NOROH ........ ____ _ ________ ----·-··· -·----·-····---
DO 11 I=l,NOPTS 
READ15,3l .VOLOHIIl,PHIII 

11 CONTINUE 
NPTSl=NOPTS,-1 
DO 12 1=2,NPTSl 

.. c. ____ C..U...l.:c.1.LSAMWJ.!10.00.)JMO.LWI.ll!_I.NV_QL±VOLOHLIJ.l 
BCil=IVOLOHIIl*NOROHl/lINVOL+VOLOHI Ill 
CHIONIIl=EXPl-2.302585l*PHIIll 
XI I l =CHI ON I I I* I BI I l -CI I l +CH I ON I l l l 
YI I l=2.0*C( I l-(B( I l+CHION( Ill 
Z C 11 =CH ION I I l **2* I BI 11 +CHI ON I Ill 

·--~ C.O.Nll NJ.J E ______ ·-----·-- . -·---------·- ·-~---··· --·-·------·-- -·---·----·---··- -· -- ··· -- -· -·-------·-·--- ----------·-- ---·-------·- ·--- .. -···-·- · 
ONE=2 
TWO=NPTSl 
WRITE16,6l 

13 KAl=IYIONEl*ZITWO)-YITWOl*ZCONE)l/(XIONE)*YITWO)-XITWOl*Y( >NEil 
PKAl= ALOGIABS!KAlll/1-2.30258511 

___ K.A2=<-~.LQ!'!f.l!liI~Q..L::~-L!!(OJ.*ZI.OlIELLLLY_.LOl'iEJ.!.Z.JJWOJ_~rJIWO_l..!.ZL1NEU __ 
PKA2= ALOG!ABSIKA211/!-2.302585ll 
WR I TE 16, 7 l VOLOH I ONE I ,PH I.ONE I ,CI ONE l ,B (ONE l ,CHIONI ONE l ,XI ON':l, 

IYIONE!,ZIONEl 
WRITE16,8)PKA1,PKA2 
WRITE16,91VOLOHITWOl,PHITWOl,CITWOl,BITWOl,CHIONITWOl,X(TWOl, 

___ _...l...,_Y_,_1_,__TWO_uZ_ (_ TWQJ ______ ··----------------------------· ----------
NPT 12 =NPT S l / 2 
JFCONEeGE.NPT12l GO TO 10 
ONE=ONE+l 
TWO=TW0-1 
GO TO 13 
END ----···--------· .. -----·-----------------·----------------·-· 

SE:NTRV 
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__ S IQ ________ . _,k,61,6 __ ·----·------·----· ----·-·-···-- ·-·--···---·---------·-·----. _ _. __ · -- ·--------------·····-·--·--.·--·····---· · ________ ·. -. -------
SJOB ... STABILITYCONST 2211-40004 . 

_ SlBJQB_ . ____ · ____ · ··--·-·--·-·-·----··----· ·----·-·---------··--------------------------··. ___ .. _________ ·-·- ·: _________ ··---- -------·--,. 
SIBFTC NOOECK 

RE AL I NVOL , M WLI:l.LS.W..L H.t...NOBOJ:l.1_}LO_L.Q1i.t.._eti.t.M.Oil1ELV.OLMu.COBME.t.C.ONOHI--. -· 
1CONH,CONL,KA1,KA2~NBAR,X,Y,PKA1,PKA2,CONKOH 

_________ lNlEGERNOPlS ___________ . ________ :___ _ ____ _____ _ ____ _ 
DIMENSidNVOLOHt50l,PHl50l,CONMEt50>,CONOHC50>,CONHl50>, 

---~~----lCONU 5QJ ,NBARl59 LtXl50 I ,Y l5CH ,CONLHI 50 > ,CONKOH 150 >,A< 10 l __ 
. 1 FORMATllHl) 

--~2~F.ORMAT I I 2 ,F5,Z.!.E2.!.2-t F6 •-4..t-2f_f!_.1_EL,f.~t._2-t_2_f.u~3~> __ 
3 FORMATl/2X,17HNUMBER OF. POINTS=,I2,3Xtl6HMOL WT OF COMPD•,F7e2t 

____ l~X,5HeKAl~ •F7., 3_,3x, 5HPKA2=o,f7. 3 l . _ _ . 
4 f0RMAT(2X,BHVOL 8ASEt3X,2HPH,5X,5HCONME,5X,6HCONKOH,5X,5HCONLH,~Xt 

__________ 14HCONH,_7X·, 5HCONOH t 6X ,4HCONL, 6X, 4HNBAR, 7 X, lHY t 9X I lHX/ I I 
5 FORMATIF5.2,F6e31 
6 FORM(\ T < 2K,_£.(u._2_.!_3)(_t_E_7_._3_1_3.12XtE.9 _ _._.()_Lt3-J.2.X .. 1_E_9__. 3J.,_2X.t..f.J_.__3 ,-21-2.lh.E!L-3..Ll;_ 
7 FORMATC2X,10A6l . 

_ 8. FORMAT C2X, l 3H IN IT .. VOL .H20"' 1F6•213.X, lOHSAMPLE -WT= t F7•413X I 
llDHN OF BASE=,.F9e6,3X,16HM OF METAL SOLN~,F9e6t3X, 

.. 218HYOL ·Of METAL SOLN=1F6.2l/l _ . . 
t FORMATi3El4eB,F6e21 

___ W=L!.._ ___ ·. __ ,· -·---·----· .· ----------- y: ___ .· _· __ ·. ------

10 READl5171CAIIl,l=l,10l . 
READ! 5-,_2.lNOPTS, I NVOL ~MWl,.J(, $WL.H ,NOROH 1MOLME ,VOLME ,PKAl ,PKA2-
IF C NOPTS. EQ.99 lCALLEX IT 
WR tTEJ 6, 1 l , _ .. _ . 
WRITEt6,711AIIl,I=l,101 

---~W.RITE<J,_,_:UJ'!OPTS,MWLH,.PKAl~PKA2. ________________________________________ _ 
WRITE16,Bll~VOL,SWLH,NORdH,MOLME,VOLME . 

·- ____ WRITE!6,41. 
DOl 1 I =l.,NOPTS 
READ!5t51VOLOHII~,PH<l1 
CONME{f)=IMOLME*VOLME)/(INVOL+VOLME+VOLOH(Ili 

. · __Q)N_KOH C _LI= I NOROH*VQ,l,,OH_( I.ill I_J NVO.L±VOt..ME +VOLQl:tl.J. U _____ _ 
CONLHIIl=CSWLH*lOOO.)/IMWLH*IINVOL+VOLME+VOLOHIIlll 

_CONHll)=EXP(~2.302585l*PH11ll 
CONOHCll=C6.808E-15l/CONHCil 
KAl=EX~l-2e3025851•PKA11 
KA2=EXPC-2~302585l*PKA2l 

~~----DHLLl.1.,;;,1-2 ..... '!_C.Q_NLJLLU:!:C.ONOl:t..U_l:_c_oNHLlL~LONJ(OJ:U-1.llLU.C.ON.1:lLU.LKA2J.~ 
12e*ICONHlll**2•1/IKAl*KA211 
_NBAR(Il=LCONLH(ll-(CONLllt*CONHllJlKA2J-tCONL1ll*ICONH(IJ*~2.J/ 

.11KAl*KA211-CONLllll/CONMECII 
_ Y.Ul=NBAR I I 1/ ( ( NBAR ( I l :"'..le l *CONU I l I _______ . 

XI I I= C C 2 • -NBAR C 11 I *CONLI I) l I I NBAR C I 1-1. l 
---~WRITE C 6 ,_6 )VOLOHI I ,_,PHI_I I ,CONME (JI ,C_ONKOH I u,cONLH (_I> ,CO_fil:U.J.JJ 

lCONOH I I l , CONLI I l, NBAR C I l , YI I l , X ( I I 
__ ___ ______ w~ JTI; 17, 9 ! X c U , x (J ! , lfrVO!..Ptll J > _ 

11 CONTINUE. 
__________ GOTO!O _____ , _________ _ 

.END 



LEAS!SQUAR.ES 
I SN SOURCE STA TE HEN I. 

fORfRAN SOURCE LIS1 

O llBFfC NOOECK 
C LEAST S{IUARl::S FIT ( M HRM POL.YNOHfAL USING WEIGHTED POUHSt 

l. Ol"1ENS10N X(SO),Y(50).,~(501dJC:i:Oi,Al20,2lltfl591,0Fl5~H,HAflitfC16), 
lVOLOHl50) 1 AKl501 . . . . 

. COHMONA,~,N2 
l fORt-14 T& l bAS) 
2 FORHAHlHl,25X 1 lbA5/IIJ, 
J fORNA.fUHL/11/dX,HHSTANDARD OEVUHON Of OROINAIE POIN!S11El1.,6i 
5 FOR.HATt 1HL,52HSTANDARO DEVI AT JON OF J<l_l.,I 4SSUri~N~ BEU_ IS CONSU,NT 

l ~f 17. 8 I . . 
l 6 fOR~AHltiL,2'tHINDIVJDUAl VALUtS FOR J>.:l,{/_42X_18E.L6.8I~." 

10 123 FDRMAll161. . 

-~iui~-;~g~~~;•~::: ~ : !: ~ ! • 61 

ll 115 fORMAJl40X,bH l J 1 22X,7H A!1,Jh4Xd7HCOEF!CU:NJ ~URIX/1 
lit 116 FORHUl40)(d3113,18X,E15.01 . . - ·- - -- . . 
lS 7ll' FORMAJ11HL,40X,3H J 823X 1 5H 01Jhl1X,13HR.H .. S .. ;,\AilUXJI 
16 719 fOl-lMAil40X,13,2lX.l:l5~01 - - .......... -·--. - - . 

02/lb/Ot. 

~~ {~! ~~:;:::!~~:~~~if~) ;;~:;SH B(l) ,i lX,.~l~)H~A~N~S~W~E~R_H_A_l_R~l-l~/~1----------

21 706 fORMAfllHL,9X,~HVOlUlid4Xu5H Xlll,2))1..llH Y HfA5URE0,20KdlH Y C~L 
lCULAHD, lOX,9HDEVIATION/ I. . ..... ·- -··-· ·- .. 

22 707 fQRjr,IA J 1101(,fb.2 !ax II Fl 5 .a, lbX,E l 5.6, rnx,e !5.a, 5)( ,E 15.St 
2'3 It FORl'ATClE14.8,f5 .. n· -- ---· -

C Nl JS II-IE NUMt:IEH. OF SETS OF DAU, WHICH ARE TO 0E FU fORH&.f iS 16 
---2-,--~EA01S,723JN1 

NAME 15 READ FROM fHf SECOND CARI) ANO APPEARS. AT fHE TOP OF THE P 
PAGE AS A HE Alli NG ALL 80 CHAR AC fEH.S CAN BE USED 

26 721 READ(~, l }NAME 
10 WRlfE(6,21NAHE 

C H RS fliE NUMKER Of DAU. POINIS .JHICH FOLLOW, H iS HtE NUMBER OF J 
-- C TERMS IN IHE fQUAIION TO BE fl! B-OTHAREFORl<TIT(OTI> ----------

31 R.EA015dOOIN,M 
EACH POINr CONSJSJS Of Y, x, " ANO vtiLOH 
V,X ANO WARE Rf.AD AS El4 .. 8 1 VOLOH IS REAO AS F5.2 

31'.i 007091=111N 
35 i'09 REAOIS,'°i lYI I) ,XI 11 ,WI I ),VOLOlil I J 
17 suM"6aO 
'iO DO 703 J::c1,H 
~l IHJ)=O.O 
42 DO 703 l=l,M 
43 703 A!l,Jl=O.O 
~b DO 725 J=l,M 
41 · oo-1is··,,.l,N -- ·----- ------···--·--------
so lf t J.EO. l lGOT0750 
51 GOTOl?'i 
1H 750 R(Jl:BIJltWlll•'l'III 
55 GCf072'i 
5b 724 l:l(JJ:::l\lJH-Wlll•'t'lll•X(llu(J-ll 

- s·1 i2s cONr"fi·,nJE··--
b'2 00 751 J=L,H 
63 DO 751 K=J 1 M 
b4 00 7'il l::l,N 
65 lflJtK,EQ.'llC.OTU752 
10 GOJOlll 

"··--~1 ·-· 752·-t~:-6;;-;AIJ_,KltW(II 

13 7ll AtJ,Kl=AIJ,K)tWtl)•X(lluiJtK-2) 
74 75l CONil/>HJE 

100 00712J=l,M 
101 L=J*l 

._ . .!O?. .. 00 _7_l2 .K=l1M 
103 712 AIK,Jl=AIJ,KI 
106 wa1rE10,1Ls1 
107 00 71" f: 1, M 
110 DO 114 J=l,M 
111 714 WKITE16,7l6Jl,J,A(l,JI 

... _l 14 __ ~ ~R!_T_f tb.t 7l,'ll ___ ·-------------------·-----------
l l':> 00 11 !-l J::: I, H 
llb 118 WIUrE16tll91JdHJI 
PO N2=1-'•l 
i.21 OOlOJ:L,M 
122 lO A( 1,N.? )=Bl 11 
124 CALLINIJf.H.I 
l25 00111=1,1'1 
l2b ll IHl)=All,N2i 
110 WR1Tfl6d\31 
h l l WR I TE I b, 705 It I, B (I I .J :r l, HI 
L-16 00 702 1,t1, N . 
137 Ofll)=O .. O 
1,0 FillaQ.U -
l'.l 00 "156 J:rl,H 
l42 lf(J.EO. l lGOlU"155 
145 GOT0708 
l4b 755 FHl=UIJltflll 
A'i7 GOf0756 
150--700 F(ll=tliJl•X(ll .. (J-l)iF,I) 
l 1H 756 CONflNUE 
153 Oflll•flll-Vlll 
154 702 SUM=- SUMt OF ( 11 •Of l I I 
156 STDEV 2 SQRJtSUM/fLOAJtNtl 

~:~ ~:: { ~::: ;~6S-7 :c.1,7v"'o"L"OH=--11"1c--,--c,.1·1--1-s, V"l"l"l-,"F'I 'I 1',"0FTn, -c.-.~.~N~------------
lb 5 'lriiR!Ht6t31STOEV 
i6b SUH=O .. O -
lt.al 00170,=1,N 
i10 AKt1,"'v,11-·x,11•aa"ia 

: ;~ HO !~~=~~~~~~~:'-'~'-'~~A=l~IN~l-
114 SUH=OO.O 
l7S 007711=1,N. 
176 . .?H SUH=SUt<h,AHEAN-AKllH••2 
200 STOEV=SCJRHSUMlfLOAnN..:til 

~g! ~:;::~:i:~:~:S~(~~~~~~!~'L'~l·~l~o~N~l-----------------~~-----

207 Nla;oNl-1 -·-----------· 
210 If INl;r.J .OIGOIOIZI 
213 72~ CALL EXIT ;fl', END ... - ·-. 
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Figure 1. 

4 6 8 10 
Volume of Base Ml. 

Titration of Oo02E, Polymeric 
Ethylene-Maleic Acid (Molecular 
Weight 2-3,000) with G~ .. l li Base: 
in the Absence of Metal Ions, I; 
in 0.005 M Cu(Cl04)2 1 a, in0.005 
M Ni (010412 A, in 0.005 I:[ 
00(0104)2, o. 
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Figure 2. Titration of 0.021 Polymeric 
Ethylene-Maleic Acid (Molecular 
Weight 20-30,000) with 0.1 I 
Base: in the Absence of Metal 
Ions9 t; in 0.005 M Cu(Cl04)2,o, 
in 0.005 M Ni(Clo4T2~; in 0.005 
M. Co(Olo4T2, o. 
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Figure. 3o Titration of Oo02N Polymeric 
Ethylene~Maleic Acid (Molecular 
Weight 60-70,000) with 0.1 N 
Base: in the Absence of Metal 
Iona, I; in 0.005 I Cu(Ol04)2, 
o ; in O. 005 I Ni (0104) 2 6 ; in 

0.005 I Co(Cl04)2, O. 
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Figure 4o 

4 6' 8 10 
Volume of Base Ml. 

Titration of 0.02 H Polymeric 
Ethylene-Maleic Acid (Molecular 
Weight 2-3,000) with 0.1 H Base 
in 1 M, Na.0104: in the Absence 
of Metal Ions, t; 1n 0.005 M 
Ou(Cl04)2, o; in 0.005 M -
Ni ( 0104) 2, !}.. ; in O. 005 ~ 
00(0104)2, o. 
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Figure 5. Titration of 0.02 !! Polymeric 
Ethylene-Maleic Acid (Molecular 
Weight 20-30,000) with 0.1 li 
Base in 1 M NaCl04: in the 
Absence of Metal Ions, I; in 
0~005 M, Cu(Cl04)2, o ; in 0.005 
![ Ni(Cl04)2,t::.; 1n 0.005 ! 
Co{Cl04)2, O. 
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Figure 6. Titr~tion of 0.02 li Polymeric 
Ethylene-Maleic Acid (Molecular 
Weight 60-70,000) with O.l I 
Base in 1 ~ NaCl04: in the 
Absence of Metal Ions, I; in 
0.005 H Cu(Cl04) 2 ,o; in 0~005 
M, Ni(Ol04)2, 6.; ln 0.005 li, 
Co(Cl04)2, O. 
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Figure 7. 

Volume of Base Ml. 

Differences in pH of 0.02 N Solution of 
Polymeric Ethylene-Malet[ Acid (Mol~c
ular Weight 2-3,000) when Titrated with 
0.1 N Base, First Alone· and then in the 
Presence of: 0.005 ~ Cu(Cl04)2,o; 
0.005 ~ Nl(Cl04)2,A; 0.005 ~ 
Co(Ol04)2, 0. 
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Figure 8. 

42 

Volume of Base Ml. 

Differences in pH of 0.02 N Solution with 
Polymeric Ethylene-Maleic Acid {Molec
ular Weight 20-30,000) when Titrated 
with 0.1 (·Base, First Alone and then 
in the Presence of: 0.005 t! Cu{Cl.04)2, 
o; 0.005 }! Ni(Cl04)2,A; 0.005 }! 
Co(Cl04)2, O. 
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Figure 9. 

4 6 8 
Volume of Base Ml. 

Differences in pH of 0.02 N Solution 
with Polymeric Ethylene-Maleic Ac id 
(Molecular Weight 60-70,000) when 
Titrated with 0.1 [ Base, First Alone 
and then in the Presence of: 0~005 M 
Cu(Cl04)2, o; 0.005 I1, Ni{Cl04)2, /.S; -
0.005 ~ Co(Cl04)2, O. 
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Figure 10. 

Volume of Base Ml. 

Differences in pH of 0~02 N 
Solution of Polymeric -
Ethylene-Maleic Ac id (Molec
ular Weight 2-3,000) when 
Titrated in 1 I NaCl04 with 
0.1 li Base, First Alone and 
then in the Presenc~ of: 
0.005 I Cu(Cl04)2,o; in 
0.005 I Ni(Cl04)2,b.; in 
0.005 I Oo(Cl04)2, O. 
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Figure 11. Differences in pH of 0.02 I 
Solution of Polymeric 
Ethylen,e-Maleic Ac id (Molec
ular Weight 20-30,000) when 
Titrated in 1 M NaCl04 with 
O.l N Base, First Alone and 
then-in the Presence of: 
0.005 1:1 Cu(Cl04)2, o.; in 
0.005 I Ni(Cl04)2, 6.; in 
0.005 1:1 Co(Cl04) 2 ,_ o·. 
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Figure 12. Differences in pH of 0.02 I 
Solution of Polymeric 
Ethylene-Maleic Acid (Molec
ular Weight 60~70,000) when 
Titrated in 1 I Na0104 with 
0.1 N Base, First Alone and 
then-in the Presence of: 
0.005 I Cu(Ol04)2, o; in 
0.005 I Ni(Ol04)2, 6; in 
0.005 1 00(0104) 2 , o. 
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