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HALF-WAVE POTENTIAL OF THE MERCURY (II) p-TOSYL~-
IL-GLUTAMATE COMPLEX AS A FUNCTION OF THE
p-TOSYL-L~-GLUTAMAGE ION CONCENTRATION

P30 M 5 Al A P 20 P M

Totel p-Tosyi- -Ey vs 1y

L~Glutamate | s Slope of
Moles/liter pH S.C.E, W amp. Log Plot
0.005 11,05  0.1005 2.7 0.036
0,01 ‘11,35  0.,1318 2.5 0.0k
0.02" 11.65  0.1588 2.6 0.0k
0.03 11.80 0.1850 2.6 0.036
0.0L 11.90 0.2021 242 0.029
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whiéh had been added to suppress the maximum. In this
analygis the high slope value might be due to bulkiness of
the molecule being studied. The plot of E%/ Log C,
give a slope of 0.125, for n equals 2, the co-ordination
number is 4, thus for the complex the formula is

[Hg(pftosylunglu)4]++. | -

p-tosyl-~L~lysinate. These solutions were cloudy
and a preciﬁitate formed on bubbling nitrogen through them.
The height of the zinc Wave_was-depressed to 0.65 micro-
amperes,‘élthough the concentrations were to the order of
10"4 M., No attempt was made to evaluate these polaro-

grams.,

Lead (IT)

p-tosyl glycine. Lead'complexes were studied in a

0.1 M KN03 supporting electrolyte with Q.OOZ% Triton ¥-100
as the maximum éuppressor. The height of'the simple wave |
was 3.45 amperes with halfawéve potentiél of -0.370 V and
ks/k0 = 1, These solutions became turbid on stahding and
had to be made up immediately prior to oxygen removél.‘ On
use of appropriate data p is found.to be equal to three,
with the forﬁula of the complex as [Pb(p-tosyl glu)3].
Although Pb(e1)2 (30) is listed as being determined

-potentiometrically, no mention is made of a higher complex

of lead and glycine. ‘A Russian worker (42) reports a
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tartrate complex of lead as [Pb(H Tart)j]. There is no
reason to beiieve that this is a lead hydroxo complex.
Lingane (25) hés shown that the half-wave potential of the
lead hydroxo complexes increase linearly with concentra~
tion of sodium hydroxide only in the range 0.01 Mlto 0.5
~The §§gggg§§pﬁqpnpgntxation of glycinate ibn used was
0.006 M, yet a linear increase in Ey was obsérved at these
low concentrations. From'Lingané's observations, this
would not have been true were the complex being formed that

of the hydroxo...

p~tosyl-L-glutamate. Analytical conditions were

generally the same as those in the preceding glycinate
runs. These éolutions were perfectly clear. ‘From slope
of plot it is evident that there is a genuine one electron
reduction, with slope values.ranging from 0,050 to 0.073.
The co-ordination number is célculated to be one. The -
formuls of this.complex is postulated to be
Po(OH)p~tosyl-L-glu. There is ample evidence (32, 5) for
the existence of Pb(0H)'., Pederson (34) of the Royal
Veterinary Agriculture College of Copenhagen explains the'

formation of Pb(OH)+ on the basis of three eqﬁilibriums:

++ ot

Pb™" + H,0 = PbOH' + E' + H,0 = Pb,0H

and

++ et

4Pb™" + 4H,0 = Poy, (OH)),



TABLE X

HALF-WAVE POTENTIAL OF THE LEAD (II) p-TOSYL
GLYCINATE COMPLEX AS A FUNCTION OF THE
p-TOSYL GLYCINATE ION CONCENTRATION

b2

A T e Tans et

Total-p-Tosyl — - ~BE, vs id

Glycinate < : - Slope of
Moles/liter . PH S.C.E. U _amp. Log Plot
0.003 8.70 0.475 1.90 0.035
0.002 8.80 0.486 1.90 0.036
0.004 10.20  0.534 1.40 0.032
00005 lO.L;'S 0051‘"2 1060 00030
0.006 10.55 0.554 - 1.40 . 0.029
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HALP-WAVE POTENTIAL OF THE LEAD (II) P~TOSYLr L~
GLUTAMATE COMPLEX AS A FUNCTION OF THE -
p~TOSYL~L-GLUTAMATE ION CONCENTRATION

o s

B, Vs

)

Total p~Tosyl- a _
I~Glutamate . . = Slope of
Moles/liter PH S.C.E, u_amp. Log Plot
0.002 6.55 0.371 3.35 0.050
0.005 6.75 0.402 1 3.20 0.073
0.01 6.90 0.428 3.0 0.070
0.02 7.1 0.443 2.90 0.060
0.04 75 0.469 2.88 0.050




TABLE XII

HALF-WAVE POTENTIAL OF THE LEAD (II) p-TOSYL-I~-
LYSINATE COMPLEX AS A FUNCTION OF THE
p~-TOSYL~-I~LYSINE ION CONCENTRATION

Ll

Total p-Tosyl=-

. ve iy
L-Lysinate = - Slope of
Moles/liter : pH S.C.E. amp. Loz Plot
0.0005 | 8.70 0.4665 1.82 0.039
0.00055 9.20 0.4700 1.45 0.04
0.0006 9.30 0.4722 1.25 0.04
0.0007 - 9,60 0.4773 1.1 0.04




i
FIGURE 8 ’

-1.0

-LOG C,

| R | L
=036 -0.40 -0.44 = -0.48 ' "Q.52 -056

E: v (v5.5.C.E)

VARIATION "OF HALF-WAVE. POTENTIAL OF THE LEAD (1r)
COMPLEX ION WITH CONCENTRATION .OF THE P-TOSYLAMINO
" ACIDS: O, .P-TOSYL GLYCINATE.A.;P-'TQSYL“ L- GLUTAMATE ;.

5, P=TOSYL-L~ LYSINATE f A R



L6
The presence of oxonium ions in solution is supporﬁed by
the low pH values of the solutions. Usually the pH of a
0.04 M solutioh of the glutamate was approximately 11.9; -
in this solution it is 7.5. |
The presenoé of hydfogen ions in solution may hydro-
77W;iz§gs§@e79fmphe glutamate and make posslble the formation
of Pb(OH)Glu., much in the same manner as Zn(OH) Tart™ (31)

is formed.

p—tosyl;g—lysine. Supporting electrolyte and maxi-

mum suppressor,:ére the same as for the glycinate ion. The
shift of the half-wave potential is very slight, between
that of glycinate and glutamate; the lead wave, however,
1s depressed more than that of glypinate or glutaﬁate. P
is calculated to be two. The formula of the compléx would

be [Pb(p-tosyl-L-lysinate)2].

Manganese (II)

p-tosyl-glycinate. All solutions in the manganese

(II) serles were de-aerated completely before preparing the
-solution to be analyzed. ‘This additional precaution was
necessary to prevent basic manganeSeF(II) from oxodizing
to the dioxlide. Although the solution gave a very‘light
tan color on addition of the glycinate, no precipitate was
observed to form. p is found to be one. The formula then

1s [Mn(p-tosyl-gly)l’.. Monk (31) reports the same type



TABLE XIII

HALF-WAVE. POTENTIAL OF THE MANGANESE (II) p-TOSYL
GLYCINATE COMPLEX AS A FUNCTION OF THE
p~TOSYL GLYCINATE ION CONCENTRATION

k7

Total p-Tosyl - =B, vs iz
Glycinate = _ B _ Slope of
Moles/liter ‘pH_ - S,.C.E. u_amp. Log Plot
- 0.0005 9.65 1.513 2.85 0.04
0.001 7 9.85 1.521 2,84 0.04
0.002 ‘ 10.05 1.529 1.72 0.036
0.003 | 10.10  1.537 1.00 0.036

0.004 10.25 l.554 0.55 0.030
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TABLE XIV

HALF-WAVE POTENTIAL OF THE MANGANEZE (II) p-TOSYL~

L-LYSINATE COMPLEX AS A FUNCTION OF THE
-~ p-TOSYL-L-LYSINATE ION CONCENTRATION

AV LR e lad ki W AY - A

Total p-Tosyl- -E1 vs 1d

L-Lysinate i 2 Slope of
Moles/liter pH S.C.E. U amp. Log Plot
0.0005 9.85 1.5217 - 2.38 0.038
0.0007 10.00 1.528 1.90 0.038
0.0009 | 10.15  1.5310 1.45 0.038

0.002 . 10.20 1.540 1.10 0,040
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formula for Mn(II) with glycine and alanine.

g—tosylugmglutamate. No apparent shift of the half-

wave potential was observed.

p~togyl-L-lysinate. While the ghift of the half-

__ _wave potential for lysinate complex is greater than the
glycinate's the n and p values are the same, making the

formulaFEMn(p-tosyleL«lysine)]+.

II. DISSOCIATION CONSTANTS AND FREE ENERGY
| OF-FORMATION OF COMPLEXES |

Dissocliation Constants

Dissociation constants for the complexes studied
' .
are listed in Tables XV, XVI, and S8VII (see pages 52, 53,
end 54). The order of stability of the p-tosyl glycinate

conmplexes as found in this study is:

ng»Cujyfb}?Cd}?Mnijn

This order of stabllity of complex formation among metals
is different from that reported by Albert (1) for the
unsubstituted acid,

Cu'prZn »Ca > Mn

but is in substantial agreement with that found by Blood and

Loras (10) for the unsubstituted glycine,
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Hg%» Cu pZn">Cd

Maley and Mellor (28) working with glycine alanine
and valine 1list the following order of stability of com~

pleXes:
CuPZnPMn

In this study of the p-tosyl-L-glutamate complexes,
the order of stability is about the same as that of the
p-tosyl-glycinates:

Heg -Cu";p Cd % Zn »Pb

&

In group IIB, there is an increase of stability of
p-tosyl glycinates and glutamates metal complexes with an
increase in atomlc weight (Figure 10, page 56). Perkins
(34) in working with glycine reports the following order

for group IIB:
Hg»Zn pCd

In this instance there is no apparent relationship

between stabllity and atomic weight, as found in this study.

Throughout this investigatibn.it was apparent that
the metal was the dominating factor in the stability of
the complexes studied.

A comparison of pK values of metal complexy ions of

glycine with those of p—tosyl_glycine (Table XVIII, page 55)

pore

SRS N ——




TABLE XV

52

CONCENTRATION DISSOCIATION CONSTANTS AND pK'S FOR

THE p-TOSYL GLYCINATE-METAL COMPLEX IONS

et e e vmtse

Metal Mean
Ton ~-Log C Kg Kg¥ pK |
-15
2.3010 2,0%10
cutt T 1,22x10715 14,92
1.3979 1.5%107 17 | -
' =10
2,3010 7.0x10"
catt : 1o 3-2x10710 9.50
1.3979 2.4x10710
3.0000 6.3x10"7
gn T 4.3x10~7 6.36
: 2, 5229 2,7x1077
~-16 '
2.0000 2.5%10 o
Hgtt 16 3+5%10 16 15,46
. “13
3.,0000 1.3x10 |
Pb | _1s 1.3x10713 12.88
2.2218 1.3x10™%3 |
-10
3.0000 5,0x10 |
Mntt A 1.43%x10~7 - 8,85
2.3979 15x10-10 v

o

#Meen of five values.,

s



TABLE XVI

CONCENTRATION DISSOCIATION CONSTANTS AND pK FOR
THE p<TOSYL~L-GLUTAMATE-METAL COMPLEX IONS

Metal : Mean , _
Ion ~Log Cx : Kgq Ka* PK
_ T 2.3010  3.1x10°16 )
cutt 15220 7 ox10-16 3410716 15,47
- » 2 «JX .
. o-16 -
.3010 .5%10
catt 7+3 ) 3.6%10~6 5,46
| 2.9208 L, 0x10~16 |
' ~14
.3010 1.0x10 ]
gntt 7+3 | 9.5%10" 12 14,02
3.0000 0.9x10~1H#
2.3010 b 4x10-17
He Tt 0% 8.,0x1017 16,10
‘ -6
2.6990 3.63x%10 ; |
po "t g ¢ 1.68x107° 5.77
1.3979 0.15%10
+3 - -

Mn - -

#Mean of five values.
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TABLE XVII

CONCENTRATION DISSOCIATION CONSTANTS AND pK FOR
THE p-TOSYL~L-LYSINATE~METAL COMPLEX IONS

‘ _ Mean
Metal ~-Log Cy N Kd Kgq# pK
Ion

R REE——————————— e

Cﬁ++ | o o | : ) : K )
3.3010 . 1.8x10"10L1 - -

catt : . ' 2.1x107191  100.68
3,2218 2.4x10"101

znt ) - - -

HgH - - : _

© 3.:2596 1.32x10710 _

Pb T 10 1.78x10710 9.7k

3.1871 1.29%10 |
o "

- 3.1549  1.29%10

Mn*t : i 1.76x107% R
2.6990 1.45%10™" ‘

*Mean of five values.



TABLE XVIII
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pK VALUES OF METAL COMPLEX IONS OF GLYCINE
COMPARED WITH THOSE p-TOSYL GLYCINE

ot snsmm st crmpees.
et

o

pK
Compound
Mn Cu Zn Ccd—Hg Pb
Glycine o ltl 16.27 9.6 8.1 18.2 9.3
(41) (8) (33) (48)  (44) (31)
p~Tosyl »
Glycinate» 14.93 6.37 9.49 15.46 12.93

8.55
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indicates that in some instances there is an appreciable
effectAon the stab11ity of a complex when the hydrogen
atom of the glycine amino acid group was substituted by
the p-tosyl group. The diffefences are small however
(except in the.case of MnII) when compared with the metal

effects.,

Free Energy of Formation of Complexés

Towards the end of the last century it was found that
an energy quantity called its free energy (F) can be assigned
to each‘substanoe_in a reaction, such that a reaction in a
systen held at constant temperature tends to proceed if 1tg
is accompanied b& a decrease 1in freevenergy——that ig, if the
frée energy of the reactants is greater than that of the \
products. At egquilibrium the driving force of the heat
content (AH) accompanying a reaction is exactly balanced
by the driving force of the probability change 4 5).

The discovery of the relation between equilibrium
constants and free energy has simplified the task systen-
atizing chemical reactions.

The magnitude of the equilibrium constant of a reac-
tion is an approximate indication of the completeness of
the reaction under specified conditions. A large K, indi-
cates that the reaction goes from left to right, a long
way toward completion, a small value indicates that the

reaction proceeds right to left.
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The relationship between the equilibrium constant

and free energy is expressed in the equation,
F =-RT In K (16)

Ii and Doody (6) have reported the freé energy of

formation of cuprlic complexes of aspartic acid and alanine

‘from polarographically determined dissociation constants.
The fréé energy of formation of the metal complexes’
- of p-tosyl glycinate and p-tosyl-L-glutamate are shown in
Table XIX. For the lead (II) lysinate complex F = 13.3
kcal and for the Manganese (II) lysinate'F = 4,99 keal,




- TABLE XIX

FREE ENERGY OF FORMATION OF p-TOSYL GLYCINATE
- AND GLUTAMATES COMPLEXES

59

L F (kCal)
Conpound A E—

Mn Cu Zn Cd Hg Pb
p-Tosyl » : *
Glycinate 1202 “20.00 "'8.68 "12.90 _22010 "17.50
p-Tosyl-LQ | |
Glutamate - . -21,10 -27.80 -5.77

"'1901

-21.1




CHAPTER V
SUMMARY

This study has been fruitful in that the complexes
synthesized are new, consequently there is no data available

~.in the literature concerning these compounds, thus it repre-

sents a contribution to knowledge.
1. The names and formulas of the fouftsen new and
‘previously unreported complexes are:
- Copper (1I) p—toéyl glycinate,
o [Cu(p-tpsyl~gly)3]".
b. Copper (II) p-tosyl-L-glutamate,
[Cu(p—-tosyluglu)BJ-.
c. Cadmium p-tosyl glycinate,

[Cd(p—tosyl-gly)2]++

- de Cadumium p~tosyl~Lleutamate,
| [Cd(p-tosyl~Lnglu)3]-.
e, Cadmium p—tosyl-L—lysinate;.
[Cd(putosy1~lysinate)5]3—.
f. Zinc p~tosyl glycinate,

‘[Zn(b—tosyl-gly) 2.

2

B Zinc‘p—tosy1~L~glutémate
.on(p—tosyl—glu)B]".

he Mercury (II)»p—tosyl glycinate,
[Hg(p-tosyl;gly)4]2+. |
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i. Mercury (II) p-tosyl-I~glutamate,
| | [Hg(p-tosylanglu)u]z_
j. Lead (II) p-tosyl glycinate,
[Po(p-tosyl-gly)s]17.
k. Lead (II) p~bosyl-L-glutanate
Po(oH)* p-tosyl-L-glu.
1. Lead (II) p-tosyléialysinate,
. -EPb(p—tosylFLmiysinate)é],
m; Mengenese (II) p-tosyl glycinate,
LMn(pmtosyl—gly)]+
n. Manganese (II) ?—tosyl—L—lysinate,
anp«tosylwiwlysinate)]+
2. Of the aminpo acids studied, only the dissocia-
tion cohstants of the metal (Cu II,.Cd, Zﬁ, Hg II, Pb 1I,
and Mn II) compleiés of the unsubstituted glycine were to be
found in the literature, hence only the stabllity of these
compléxes can be compared with the p~tosyl glycine com-
- plexes prepared in this study. _ |
The pK values of Ma (II) and Pb (II) of the substi-
tuted glycine (ﬁ-tosyl) are a little higher than those of
theﬂqgtal complexes.of the unsubstituted glyoine, denoting
a 1essér'degree of stability.» of fhe remaining metal com~
| plexes of. the substituted and unsubstituted glycine there is
practicaily no difference in pK values.

A careful appraisal of these data would seem %o
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indicate that the substitution of the bulky p-tosyl group
for a hydrogen on the amino group of glycine does not
draétically effect the stability of the metél complexes
exanined in this study.

3. The order of stability of complex formation

©
]

among metals with the substituted glycine is in gener

agreement with those 1iéﬁéﬁ‘iﬁ*fhé‘iitera%urefnﬁfimﬁ%iﬁe._
The notable. exception is the zinc'oompiex, which is thé_

most stable instead of being among the least stable of the
complexes. The data for the ordeerf stebility were obtained
by a variety ofwtechniques, generally not polardgraphic.

This method might account for the difference in pK values,.
along with the nature of the co~ordinating agent.

With the glutamate complexes the order'of stability
is in fair agreement with the expected order of stability.

b, The Copper II coumplex of p-tosyl glycine pK values
were essentially the same as those reported previously for
the unsubstituted glycine, further evidence that steric
hindrance of the p-tosyl gréup does not appreciably effect
the stability of the simple amino acid éomplex.

5. Group II B metal complexes of the glycinates
and glutamates shbw an increase iﬁ'stability with atomic
weight.. |

6. 'Polarogréﬁhic evidence indicates the existence

of the mercury compléxes [Hé(p~tosyl~gly)4]++ and.
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[Hg(pmtosyl—gly)4]++. A search of the available literature

showed that mércury complexes of organic addends with p

equal to four, have not been previously reported.
7. In their complexes, zinc and cadmium have co~
ordination numbers 2, 4, 5, and 6. In this study both the

cadmium and zinc giutamates have the rarely reported

co-ordination number of three,
8. Only single wave polarograms were observed in
this study, indicating a cohétanoy of oxidation state of

the metal lon during experimentation.
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APPENDIX A



 POLAROGRAM . . 5.0 x 30"4 B Cd(No

3)2
SOLVENT . . H,0 , |
ELECTROLYTE . . 0.1 M KO,

P
SAMPLE . . 0.1 M p-Tosylglycine
CURRENT RANGE . . 10

'DROP TIME . . 3 seconds

MAXTMUM SUPPRESSOR . . Wone
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Values of 1 and i, are taken from the polarogram

wo.on the preceding page end converted into workable date as

“ghow in the following table.

"When a plof‘ﬁf lOg iﬁid; i“_VS Ed e

3 iquaies o tnch

d i - 7a
0,70 ©2,5/25:5 | ~1,0086
GV 5/23 B  ~0.6627
TTTToae | eim | ot
R fQ975 | 12716 | «0.1249
vé;jé T 19 - Nf ﬁlo.2895;~
uugf75r  b en.5/6.5 | S 045195

- gives a straight line,
the reaction is reversible at the dropping electrode, and
thus the data from the polarogram can be used. Arplot of :the
date from this polarogram is shown below. Ei/? ig the

-

potential where the value of i equals idai or at log 1.




T1

1, - 4 N
The slope = » : = 1228l 40,5
ABy 0.05

then 30:05 = 100359 :

n = (30.5) (0.059) = 1.8 or 2

The data used to Caculaﬁe p, is obtazned from figux
3, page 28, the plot of By /p VS Log G ( of the amino: aoid) s

“and’ plugged into equation (9), page T

i3E1/2 . 0.0591
g R
Alog Cyp 2

.65 = 0.T56.. . _ ; (0.0296)
1.52 = 1,39




