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ABSTRACT

The c¢helating agent 1, 3-bis{2-hydroxyethylamino)-2-propanol dihydro-
chloride was prepared a.ﬁd preliminary examinations of the Cu(ll) and Fe(Ill)
complexes were carried out spectrophotometrically, This dihydrochloride
as wellas 1,3 bia(tria(hydroxymeﬂxyl)methylaminol-2-—-propa.nol dihydrochloride,
were converted fro-m t.b;e chloride saltls to their corresponding ammonium bases,
The conversion was carried out by passing an aqueous solution of each chloride
salt through an ion exchange column containing Amberlite XE-78 resin,

Solutions of these bases were standardized for uselin potentiometric titrations,
Each ammonium base was titrated with standard perchloric acid at 20°C, 30°C,
and 40*C. The dissociation constants were calculated using these data, Aqueocus
solutions of Cu(ll} at low pH were titrated with the standardized ammonium bases
at 20°C, 30°C and 40°C., These data were used to calculate the stability constants
of the Gu{Il) complexes,

Comparisons of the two copper chelates were made with respect to their
thermodynamic properties calculated from the sgtability constants, Possible

structures of the copper (II} complexes are proposed,



INTRODUCTION

It ia the purpose of this study to determine the factors influencing
the chelation of Cu{ll) with i, 3~bis{2l-hydroxyethy1amino)-Z-prupanol. To
determine these f.a.ctors, potentiometric measurements were made in oxder
to calculate Il) the equilibrium constants of the chelating agent, 2) the stability
1":cmssi::ﬂx.t:vl: of the complex, and 3) the associated thermodynamic properties,
éo:pper solutions were used because copper ions are strongly chelated, while
at the same time a highly colored complex is formed thus facilitating spectro- |
photometric studies,

The chelating agent 1, 3-bis(2-hydroxyethylamino)-2-propanol, which
we have given the trivial name "Bi:_;_:-mon", is the first rnember in 3 series of
substituted 1, 3-diamino-2-propanols. Beginning with CH3~NH-CHgp-CHOH-
CHp-NH-CHj3, if one hydrogen atom from each of the terminal methyl groups
were substituted by hydroxymethyl groups, then the resulting compound
(HO - CHjz) - CHz- NH- CH2-CHOH-CHy- NH-CH-(CH0H) is Bismon. Subsequeﬁt
Bubstitution of a hydrogen atom from each of these same carbon atoms by ancther
hydroxymethyl group yields the second member in the series which has not yet
been prepared, Finally, if the last hydrogens on these two carbon atoms were
replaced by hydroxymethyl groups, the resulting compound (HO-CH,}3 C-NH-
CHZ-CHOH-CH;;-NH~C(CHZOH}3 is 1,3 Ibis(tria(hydroxymethyl)met.hylamino)-2-

(R6Yz7)

propancl. The trivial name for the latter compound is Disec since the reagent

is 2 diamino secondary alcohol,



In order to understand the behavior of Bismon and Disec, we have
reviewed the chelating properties of the aliphatic diamines and hydroxydiamines
with Cu(ll). Because substitution in a chelating agent directly influences the
éta.bility of the chelate, correlation of stability and structure is important, A
compariaon of the Cu(ll) chelates having various diamino ligands is desirable
in that the values for the stability constants are direct measurements of the
effect of substitution within the structure of the chelating agent,

It is to be expected that the diamines have been studied extensively, In
a series of plapers coneeirning the steric effects and stability of Cu(ll) complexes,
Basolo and Murmag)have found that alkyl or aryl substitution on the carbon atoms
of ethylenediamine, had a relatively small effect on the ligand's coordination
tendency toward Cu{ll). A single alkyl substitution seemed to increase the
stability of the Cu(Il) complexes to some extent,

log Kge o ethylenediamine = 21.29 H;N-CH,-CH,-NH,

log Kgec propylenediamine = 21,77 HpN-CH-CH,-NH,
CHj;

However, a second alkyl substitution seemed to result in an appreciable
increase of stability only if there was a racemic mixture formed,
CHy
log K HyN-GH-CH-NH,:Cu(Il} = 22,87 @ 0°C (dl-buen) *
CHj

log K HoN~-CH-CH-NH:Cu{ll) = 21,55 @ 0°C (meso-buen) *
CH3CH3

The methyl groups of the dl-buen-Cu(ll} complex are on opposite sides of the
chelate ring, For the meso-buen-Cu(ll) complex both methyl groups are on

the same side of the chelate ring resulting in a crowding of the adjacent groups.
This apparent internal strain was noted by a smaller increase in the stability

*  en = ethylenediamine
buen = butylethylenediamine
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constants of the two forms,
To test this hypothesis, the chelating tendencies of tetramethylethylene~
diamine and isobutylethylenediamine with Cu(l) were studied,

CH3 CH3
log K H,N-C - c - NHZ.Cu(H) = 23,85 @ 0°C

61‘13 ¢H3

log K HyN-CH,-C{CHj) 3—NH3.Cu(II) =21,19 @

It was noted that the tetrameen-Cu(II} complex was more stable tha.n

*
the i-buen~Cu(Il) complex. Therefore, the apparent internal strain must not
have been the most important factor,

()4}

Gonsideration of the basicities of the Iigands did not seem to be the

determining factor for the unuaually high stability of tetrameen~Cu{ll) complex,

for tetrameen was found to be a weaker base than all other bases studied in

aqueous solution,
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* tetrameen = tetrame thyethylenediamine
i-buen = isobutylethylenediamine
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An increase in the number of carbon atoms between the amine groups
appeared to decrease stability of the Cu(Il) complexes. In comparing the
stability constants of various Cu(Il} diamiﬁe complexes, it was foungq)that
the log K for the Cu(ll)-ethylenediamine complex had a value 19. 60, whereas
the log X for trimethylenediamine-Cu(II) was smaller, No value was listed
for the Cu{ll)-tetramethylenediamine complex,

log K HyN-CH,CH,-NH,:Cu(ll) = 19. 60 @ 0°C

log K HZN'CHZCHZCH,Z' HZ_:Cu(II) = 16,62 @ 0°C

log K HpN-CH,CH,CH,CHy-NH,: Culll) =

A similar decrease in stability is noted when substitution is at
the amine groups., A studﬁ%f N-alkylethylenedlamine-Cu(ll} complexes
maicea this apparent by subsequent substitution of methyl ethyl n-propyl, .

n-butyl and i-propyl groups on a single amine group of ethylenediamine,

R

s r 25‘( "\.___._____-.—___4

ak ‘-"""--..g..—-o\
NS

en { N-iéten ! l#nEuen
N-Meen Nn-Pren N-.i-Pren

Two very interesting facts exist concerning the general trend of the stabilities

in going {rom N-n-Prék, N-n-Buen to I -i-Prgn derivatives, It was first

*  Pren = n-propylethylenediamine

i-Pren = isopropylethylenediamine
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noticed that the N-n-butylethylenediamine-Cul{ll} complex was more stable
than the N-n-propylethylenediamine-Cu(Il) complex,

log K H _N-GHa-CHa*NH-C;aHT:Cu(ID =19,19@0°C

2
log K HyN-CH;-CH-NH-C4Hg:Cu(ll) = 19,29 @ 0°C

The authors attribute this to the coiling of the four carbon chain around the

central copper ion thus shield.ing'it from the solvent,

It was also noticed that Btraight-ch'ain-N-alkylethylenediamine-C__:u(II_)
complexes had only slight differences in :-ata.biliﬁi.eg. However, if the alkyl
ﬁubstituent was branched, the stability of the com.ple;: was greatly reduced,

This was the case for the Cu(ll)-N-i-propylethylenediamine. complex where

the log Kge® 17. 46, It was assumed that the branched propyl group prevented
t.hn‘a close association of the central metal ion and ligand, thus causing steric
hindrance,

Exazninatio‘g)of the N, N’-dialkylethylenediamine~Cu(Il) complexes
makes it apparent that alkyl substitution on the second amine group causes a
further over-all decrease in chelate stability, For instance:

log K CH3-NH-GH2-CH3-NH-CH3:Cu(II) = 19.53 @ 0°C

log K. CyHg~-NH-CH,CH,-NH-C,Hg :Cu(ll) = 18,69 @ 0°C
This may be seen m;re clea.;iy by the following graph:

. ,;.-S-:-g“\-

o % ‘\\

i zk. \:‘*—-—-— .K‘
) CNT~
-l ~T
st ~ s
* -
2 =
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Again, the N, N'-dibutylethylenediamine derivative shows a greater stability
compared with the N, N'-dipropylethylenediamine derivative,
log K C,H,~NH-CH,CH,-NH-C3H,:Cu(ll) = 15.54 @ 0°C
log K C4Hg-NH-CHyCH,-NH-Cy4Hg:Cu(ll) = 15.98 @ 0°C
Continued alkyl substitutioz(x' ‘Qn the same amine group resulted in still a further
decrease in stability of the N, N-dialkylethylenediamine-Cu(ll) complex. For
instancet
log K HZN-CHz-CHZ-N(CH3)z:Cu(II) = 16,34 @ 25°C
loglK H,N-CH, CHz"N(CzHB)Z=C“(m = 13,84 @ 25°C
Consideration of stability constant values therefore, indicates a definite
ti’end with substitution, In general, -fhe following statements may be assumed
to be true:
i.. Alkyl substitution on carbon atoms connecting the two
amines results cither in an increase of stability, or no
appreciable change,
2, An increase m the length of the hydrocarbon chain between
the amine groups results in a decrease of stability of the
complex due to internal strain within the chelate ring.
3.  Alkyl substitution on the amine groups decreases stability
proportionately to the number of alkyl groups substituting,
as well ag the size of the alkyl groups,
Steric hindrance is only one of several factorsszgﬂuencing chelate

stability. More than one factor may be in operation at one time, For

instance, the basicity of the ligand is indicated by consideration of the
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digsociation constants of the ligand, The values of the dissociation constants
vary with different alkyl substitutions, and the influence of substituted alkyl
groups on basicity should be in agreement with results obtained for the
stability of the Cu(il) Chelatgz.wi). e, the stronger the base the greater the
stability of the Cu(Il) chelate, This is not always the case, however, For
instance, ethylene diamine is a weaker base than 1,3 diaminopropane. .

PK, ethylenediamine = 17,67 @10°C

pKq 1,3 diaminopropane = 19,97 @10°C
Yet, the stability of the Cu(Il)~ethylenediamine complex is greater than the
stability of the Cu(Il) 1, 3 diaminopropane complex, The reason for the
apparent disregard of ligand basicity, is due to an increase in the internal
ltx;ain with the formation of a six membered ring by 1, 3 dlamino propane.
It has been demonstrated that, in general, five membered chelate rings are
thacmagitingsoanecthe most stable for the complexes having aliphatic Iigandfiy)

The ability of ethylenediafniﬁe to form stable five membered rings with
Cu(Il) has been emphasized recently by studie(;?n hexacoordinate Cu(Il) in
- trisethylenediamine sulfate, The compound was studied by infrared as well
as by visible spectrophotometric methods, Optical rotation studieg also were
conducted, Mention should be made that Cu(en)3SO4. H,O crystals had to be
grown in an 80% solution of ethylenediamine; An octahedral structure is
proposed for the compound,

Very little work, up to this time, has been done on aliphatic hydroxy
diamine-Cu(Il) complexes. In a study of metal complexes with 1, 3 diamino-

(g

2-propanol, Fernelius et, al, found that 1, 3 diamino propanocl was a weaker base



10,

than 1, 3 diamino propane or 2, 2-dimethyl-1, 3-propane diamine,

PKy (HaNCHj),CHOH = 19,79 @ 0°C

pKy (HpNCH,),CH;, = 21.55 @ 0°C

PKg (HaNGH,)C(CH3), = 20,29 @ 0°C
All metal complexes so far discussed, except the Cu(ll} complex of
1,3 diamino-2-propanol approached the expected value of fi = 2% . The value
obtained Cu(Il) complex wasn = 1.5 . In a separate study of the Cu(Il) - 1,3
diamino-2-propanol system, the authors suggest that this anomalous value for
T arises from the ligand acting as a terdentate complexing agent; In this case
the hydroxyl group takes an-active part in the chelation of the metal, but in so
doi_ng. the structure is non-planar,

CH

N
CH, o) CH,
{ { \
NH, Cu NH,

This forced non-planar configuration meant that the copper ion was held
more weakly than if it were in a planar configuration which is normal for
most cépper complexes,

The value for the entropy change should have increased since the number
- of rings in the chelate was increased. However, it i.s stated that this increase
was offset by the entropy decrease caused by the forced non-planar structure.

It is of interest to inspect several substituted 1, 3 diamino-2-propanol-
Cu(ll) complexes in order to understand more fully the importance of the
secondary alcohol group in chelate formation. With this question in mind, -

* n= average number of ligand molecules bound per metal ion
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studies on Disec and Bismon have been carried out, Further studies are
desirable with Cu(ll)-polyhydroxy diamines, Listed below are a number of

compounds which may be of future interest.

C,H,-NH-CH,-CHOH-CHp-NH,  (3/)

(R).,N-CH,-CHOH-CH,N(R)

2 2 2 2 0 7)}(2 %)
R= (CnHZn-l’ fromn=1to 10 _
_ CH(CHy),
NH,-CH,-CHOH-CH3-N

2-CHz -

C3Hy

CH,-CH - CHOH
: 7
* Nciy), N(CHy), (17)

(CH3) N-CH,-COH-CH,N(CH3),  ( 17)
CHj
(CH3)2~N-CH,-CH(CH3)-CH,-N(CH3), (17)
CH, | _CH,
™ N-CH,-CHOH-CH,-N
~ ~

(HO-C,H ) ,N-CHy~CHOH-CH,-N(C2Hy-OH) (2¢)

Cy
NHz-CHz-CHOH-CI-Iz-N: " (29
C2Hg
CH
P
NH,~CH,- caor—r-cuz-n\ , @9)
- ~C3H,

(C2H;) ;N-CHz-CHOH~CH,N(CyHg), (1)
C3H,~NH-CH,-CHOH-CH,-NH-C3H, (7)
(HO-CH,GH,) ;N- CH;, - GHOH-CH,-NH-C(CH,0H), (2()
((HO-CH,CH,) ,N-CHz,CHCH (26)

HO-CH,CH,

Mo +
N-CH,-CHOH-CH3-NH-C(CH, -0 26



Dissocia. Cu(I1) Chelate Thermodynamic Properties tOC /.I Ref,
Diamine Constants  Stability Constants -’ ]
pﬁ pk2 Form log k; log k, ~0F, -aF, —AHI —AH2 a3y AS,
ethylenadiamine 7.98 10.73 HA, 11.34 9.95 1l4.16 12.4.3 8.6 8.6 21 14 0
R N-CH,CHy-NH,  7.47 10018 % 10,76 9.37 25 0.5 647
N=bethyl~an 8.00 10.83 ‘HA2 11,12 9,03 13.89 11.28 8.5 T.0 20 16 0 0.5
HZN—-Cllzc}lz—NH-Cli3 7.56 10.40 10.55 8.56 25 h
N"’Etrhyl"‘ﬂn 8.1-6 llnll HA 1‘0055 8.81 13-18 ll.m SOL 60‘4 29 17 Q 0&5 I
H,N-CH.,CH - Ni~C g 2
< 7.63 10.56 10,19 8.38 25
N"n’"PrOpyl"‘Cn ' 8.2"0 1.1.0‘& HAZ 10 0“9 80?0 13 'm 10 .B’? 796 8.0 m n 0 005 "
}EZN-CHZCIiz-MI-C]H
T 7,56 10.34 9.98 8,16 25
N-n-Butyl-an 8.11 10.93 MA2 10.47 8.82 13.08 11.02 8.0 8.2 19 12 0 0.5 "
Hzn-aizf;ftz-m-ch}{?
7.53 10.30 9.9 8.27 25
Nei~Propyl-en 8.30 11.15 MA, 9 .Lb 3.00 11.82 9.99 5.8 8.2 22 7 0 0.5 Y
7.7 10.62 .07 TS5 25
NN'-dimethyl-en  8.30 10.89 Ma, 1l.22 831 - - - - - - 0 0.5 {5
CH3~NH-~CH,~CH ,~ N~
CH T.47 10,29 10.47 7.63 25
3
NN'~diethyl-en 8.53 11.06 ¥a, 10.8,  7.85 ¢ 0.5 .
¢ ZHS—HH-CH 2(}{ z-m- . 23,30 17.5 2 25
7.70 10.46 9.30 .32
Colig
NN'—di-n-Prapyl-en 8.14 12,97 MA2 7.3% 5,18 - - - - - - 0 0.5 '
7.53 10.27 B.79 5.55 25



Dissccla. Cu(II) Chelate Therrodynamic Fropertiesa +%¢ Vs Hal,
Diamins Constanta  Stability Constants .
Ak — r - ‘ - — - — — i
pkl ka rorum Lo k) towx k2 Ay -AF. Mll AH, a8, AS,
NH1-di-{-Proyyl-en 7,26 11.12 A, - - - - - - - - 0 0.5 4+5
MNT—dl-n-Tutyl~en 3,13 10.97 Fﬁz RISRA 54 - - - - - - C 0.5 i
7.0 10,19 : 8,67 4B 25
N, N-dimethyl-en , . ) ‘- -
i CH —af 6.0 F.53 MAS 3 6Y .63 - - - - - - 25 0.1 "
Ho ¥~ 20112 N(C.*.,’)?
HyhNiethyl-en
H —,N"‘C”z"ct{‘j—ﬂ ?’ .{)’u‘ \-L) QOI: Mhz -’3. 17 5 -b? - - - - - - 45 0 . 1- r
(Czrls}z
Propylenediardine 7.00 9.70 !-b\z 10.58 Ja08 - - - - - - W 0.5 /3
CEaCH -
HZN (‘3 Ci12 NH2
CH3
Lhac atove) 7.81 10.76 Mﬁz 1l.n4 0.1 - - - - - - G 0.5 J*V
7,13 1w, 10.78 3.28 25
2,2-Dimethyl-1,2- '
diamimmethane T 10T MA 11,01 7.98 - - - - - - 0 0.5 !
CH “
Hnrs—crfz—(::—ﬁHl 6.79 10.00 10.53 2,05 25
< CHy
Meyo~-2,3-d1-
arinobutans 7.55 10.83 My 11.50 10.05 - - - - - - o 3.5 "
st.z.ts—fr{nq‘a-m,} 2
-.JH}’u {3 = 6992 ?l?? 1\).72 -’.3’}1 25
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Diamine Constants Stability—06nstants
pkl pk Form log k1 log k2 - Fl - F2 -H ~H Sl S

2 1 2 2
Racemdic-2,3-di-
aminobutane 7.60 10.87 HA, 12,22 10.65 - - - - - - o 0.5 3¥+7
Fq
HZN—g{— H=NH 6.91 10.00 11.39 9.82 25
{
3
Tetramethyl-en 7.18 10.73  MA 12.22 10.88 ] 0 0. 7
i CH;CHJ ) "2 29.9 2L 19 °
}i,)N—i-:C—-}NH 6.56 10.13 11.63  10.24 25
- y ﬁH 2
\‘IABV:}
Trirnethylena- 9.69 1l.5 MA, 10.52 7.94 13.2 9,71 12,5 12.3 2.3 -8.7
dianmine @0°C  @n°C < e0°c  eC /5~
H,N=( Cit,) 3=Mi, 8.218 .95 9.008 6.5 $.02 404 $.5 4.5 $1.7 #1725 .15
“ 49.1°C 49.1°¢ 4L9.1°C 49.1°C
(as above) 9.0 107 MA, 9.8 7.1 - - - - - - Rl
(as above) 7.95 11.60 Ma 10.74 8.05 13.3 9.7 14 13 -3 =12 0 1.0 R0
8.95 10.54 < 9.62  7.00 30
2,2-dimethyl 9.07 11.22 10.95 8.25 0
1,3 diamino-- "
profane 8.18 10.22 Ma, 9.94 7.5 13.8 10.3 12 12 7 -7 30 1.0
- 9okl 6.80 50

- 7.55  9.65
CH2 NH2



Cu(II) Chelate
Stability Constants

Thermodynanic Properties

ror. log kl log ks -AF, '—AFZ —Ala -zﬂiz AS, AS

~

1 <

t°c M Ref.

Nisgocia.
Diarine Constants
Pk1 Fk..’
1,3 diamino- 8.12 9.96
+.04 4.05
2-propanol 7.93 5.6y
$.02  $.03
H N-CHoCHOMCH,-  7.68  §.42
) N'H2 *.OZ %.06
.38 BUR
$.05 10
1,3 big{2=hydroxy- 7.10 3.8C
ethyl 'ar:dno{-L’— $.10 401
propanol
( HOCH2CH2—NH-CHZ) 2 6.&10 3.77
#. < %.\1
CHOH 5,63 B.51
$.0.  +.03
1,3 bis{tris(hy- 6.15 &.15
droxymethyl) $4.01 .08
methylamino)-2-
propanol .
F(HOCHB)C—NH-CHE], 5.89 I.9a
N 7 ¢.03 410
cod 5.67  7.72
$.09 4.2

MA

MA

L] .
O\JF‘:J!0.0*.C/.\I
QENIWEDR

o= W W

13.51

1337
12dus

11 42

1123

1091

4.9

18.12

18.54
17.83

15058

15.58
15.63

5.2

22.4

14.68

-1 -

-14.6

-12-7
_lblé

3.07

2.97
3.04

10

30

30

30
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PePer
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EXPERIMENTAL

Preparation of Chelating Agents
(A) Reagents:

Sodium Hydroxide - Reagent grade, Carbon dioxide-free

solution, standardized against potassium acid phthalate
primary analytical reagent, Mallinckrodt,

Ethanol Amine - Eastman Organic Chemicals, #

Distillation Products Industries,
Acetone - Analytical Reagent grade, Mallinckrodt
Chemical Products,

Acetic Anhydride - Analytical Reagent grade,

Mallinckrodt Chemical Products,

Epichlorohydrin - Shell Chemical Corporation,

Hydrochloric acid - Reagent grade, '"Baker Analyzed"

reagent, J, T, Baker Chemical Co,

Pyridine - Reagent grade, "Baker Analyzed reagent,

J., T. Baker Chemical Co,
(B) Procedure

Disec: The method for preparing Disec was followed exactly as
Pierce and Wotg'bc{escribed. The procedure imfolved the reaction of
epichlorohydrin with tris (hydroxymethyl) methylamine in alcohol, The di-~
hydrochloride was separated from solution by precipitation with HCl, Re-

crystallization from hot alcchol was necessary for the pure compound, The

Disec used for this experiment was from the third recrystallization, The
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melting point of the recrystallized compound was exactly 188°C, compared
to the listed value of 184-186°C.

2 (HOCH2)3C-NHZ + CHZ-CH-CHZ-CI —
' O

(HOCHZ)3C-NH-CHZ-CHOH-CHZ-NH-C(CHZOH) 3 + HC1

Bismon: 122 grams of ethanolamine and 100 ml of 95% ethanol were
placed in a 3 neck 500 ml round bottom flask, The center neck was fitted with
a2 mercury sealed stirring rod. One neck was fitted with a separatory funnel
which served as a reéervoir for the epichlorohydrin, The remaining neck
was fitted with a combination reflux condenser and thermometer, (see diagram
on the following page). The flask was immersed in cold water during the
addition of the epichlorohydrin since the reaction was greatly exothermic, The
entire apparatus was placed under a hood becéuse of the toxicity of epichloro-
hydrin. The epichlorohydrin was added slowly from the’separatory funnel
while the reaction mixture was stirred vigorously., The temperature was kept
between 20°C and 30°C l:.hroughout this addition by adding ice to the water bath,
Cn complete addition of the epichlorohydrin, the mixture was allc;wed to remain
at room tempe;-atﬁre overnight, The mixture was then refluxed in a water
bath for six hours, allowed to cool, and‘tra.naferred to a one liter beaker, To
" the mixture were added slowly, with stirring, 160 ml of 95% ethanol and 160 ml
of reagent grade concentrated HCl, The dihydrochloride separated as a viscous
oil; the supernatant liquid was decanted and diacarded.

Crystallization was slow, therefore the oil was allowed to stand for four
to five days. Separation of the crystals from the oil was carried out by filtering

with suction, Washing the crystals with Reagent grade acetone was necessary,
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because the crystals were to some extent soluble in 95% ethanol., The impure
crystals were dried over P,Og under reduced pressure. M, P, = 103-120°C

2 HOCH,CH,-NH, + CH,-CH-CH,-Cl —> HOCH,CHj-NH-CH,CHOH-CHz-NH
O

CHpCH,OH + HCl

(C)  Purification

Bismon was pufified by successive recrystallization. The
crystals were dissolved in the minimum quantity of hot water, and absolute
ethanol was added, On cooling, the prociuct éeparatcd as a very viscous white
syrup. The supernatant liquid was discarded, The white syrﬁp wa.s treated
with hot absolute ethanol which partially dissolved the syrup, and the super-~
natant liquid was added to one liter of acétone. Repeated treatment of the
syrup with small portions of absolute ethanol followed by addition of the
dissolved portion to acetone, eventually dissolved all of the white syrup. The
pure crystals of Bismon formed in the acetone-ethanol mixture within three to
four days., The purified crystals were filtered with suction, washed with
acetone, and dried over P,0g under reduced pressure. Second and third
recrystallizations were carried out, Loss of about half the original amount
of impure crystals was caused by the extreme solubility of Bismon in water.
The samples were stored in 2 desiccator with P205 under reduced pressure,
M. P, 139-44°C,
(D) Proof of Purity

Three samples of Bismon were analyzed for carSon and hydrogen
by Schwarzkopf Microanalytical Laboratory, 56-19 37th Avenue, Woodside 77,

New York, The results are as follows:
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Calculated 7 Found
(1) (2) (3)
%Ci= 8%/251 = 33,4 33,2 34,14 34,19
% H =20/251 = 7.98 8. 27 8. 48 8. 55

The recrystallized Disec samples were used directly, and assumed to
be pure from the melting point data,
(E) Proof of Structure of Bismon
Acetylation procedure of Bismon was carried out acéording
to the method outlined by Ogg, Porter and Willét:g_3 ? The results are as
fonoﬁm:
NaOH = ,4869 Normal

Weight of Bismon crystals

Sample #1
Sample #2

0.569 gm
0.507 gm

Volume of NaOH needed for titrations:

Sample #1, 40.90 ml
Sample #2, 42.00 ml
Blank, 53,30 ml

Calculations:

9% oH = A( NaOH)(OH)(100)
Gm sample (1000)

Sample #1
A=53,3-40.9=12,4ml

% OH = (12. 4)(.487)(17)(100) = 18. 1%
(. 569) (1000)

Sample #2

A=53,.3-42,0=11.3ml

% OH = {11 3)(. 487)(17)(100)
(. 507) (1000)

18. 4%
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= 20.3%

Theoretical value = 3 (OH) 51
MW 251

These experimental values are of the same order of magnitude as the theoretical
value, and can only serve as an approximate indication of the number of hydroxyl
groups within the formula of Bismon, Since the Bismon crystals were hydrosckopic
it wﬁ.s impoesible to keep them dry while weighing, The error due to the amount
of water absorbed during this time was large enough to alter the OH percentages
greatly, The values were close enough to the theoretical to assume three hy-
droxyl groups per ligand molecule, Knowing the nature of the reagents used

in preparing Bismon and the number of hydroxyl groups per ligand, it was
assumed that the reaction for preparing Bismon took place as desired, and that

the structure is symmetrical.

Preparation of Solutions
(A) Reagents

Cupric Nitrate - Reagent grade, Baker and Adamson Co.,

General Chemical Division of Allied Chemical and Dye Corp.

Sodium Hydroxide - Reagent grade, CO, free solution

standardized against potassium acid phthalate primary
standard analytical reagent, Mallinckrodt Chemical Products,

Perchloric Acid - Reagent grade 70% assay, Mallinckrodt

Chemical Products.

{(B) - Standardization
Copper Nitrate - a stock solution of copper nitrate was made
28)

up approximately to 0. 1 Molar, and standardized by electrodeposition(

of the copper. Platinum electrodes were used; a current of 0,5 amperes
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was used overnight since the electrodes remained stationary, The
average molarity of the stock solution was 0, 1042 Molar. .

Perchloric acid - Concentrated HC1O, (70%) was diluted to
approximately 0.2 M and 0.02 M and standardized with standard NaOH.

The stock solutions used had the following concentrations:

0.2090

1

Myclo,

0.0211

Muclo4

Stock Solution of Cutt-Ht mixture - the Cut+-Ht mixture
was made by mixing the following amounts of each stock solution,
and diluting to 500 m1l final volume,

to

50 ml of 0. 0104 N Cu (NC3),) diluted (1.04x 10> M Cut+
500 ml

50 ml of 0, 0211 N HCIO,4 2.11x 10°3 Mt

Disec Free Base - Approximately 18,55 gm of Disec dihydrochloride

wag weighed out and dissolved in 500 ml carbon dioxide-free water, This

weight of crystals made approximately a 0,1 Molar solution,

MW Disec : 2HC1 = 371

371 gm/1l = 1 Molar

37.1 gm/1 = 0,1 Molar

18,55 gm/500 ml = 0.1 Molar

The solution was passed through an ion exchange column containing Amberlite

XE-78 strong anion exchange resin. After the conversion from chloride to

free base took place, the solution was diluted to 1000 ml final volume by

passing 500 ml carbon dioxide-free water through the column to wash through

any base which remained, The final solution of Disec free base should have

been approximately 0.05 M. The exact concentration was determined by a
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potentiometric titration with standard 0.209 HC104. The end-point for the
titration was found by plotting a differential curve of -Z"P\-,g‘—' vs, V ml acid.
An example of this is shown on the next page.

Sample calculation for Disec standardization:

N acid = 0, 209

V base = 50.0 ml

V acid=24,0ml , . . from differential titration curve,

NHAVA _ (0.209)(24.0)

VB 50.0

= 0.1003 Normal

Since there are two amine groups per ligand molecule, then the molarity of

0.1003

5 = 0,0501

the base is one half the normality, i,e. M=

Bismon Free Base - the same procedure as that for Disec was followed
except that the original weight of Bismon dihydrochloride was approximately
2.513 gms. in 500 ml solution,

M. W, Bismon : 2 HC1 = 251
251 gm/l = 1 Molar

25.1 gm/1 0.1 Molar

2.51 gm/1 0.01 Molar

2.51 gm /500 ml = 0,02 Molar

i"wou

Conversion of dyhydrochloride to free base, and dilution to one liter final

| volume resulted in a solution approximately 0.01 Molar. The exact concentra-
tion was determined, as before, by potentiometric titration with standard 0,209 M
HCl1O4. The exact concentration of Bismon free-base was found to be 9. 24 x 1073
Molar., Subsequent preparations of Bismon free base were approximately

0.01 M. The exact concentrations were determined by the same procedure as

above
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Potentiometric Titrations

In all cases the titrations were carried out in a nitrogen atmosphere
with the temperature varying no more than 0,05 degree. The nitrogen gas
was saturated with carbon dioxide-free water vapor before it entered the ti-
tration vessel, The temperatures of the solutions being titrated were regulated
by circulating water from a constant temperature bath through a water jacket
surrounding the titration vessel. For temperature below those of the room,
ice water from a reservoir was pumped through the coils of the constant
temperature bath, The rate at which the ice water flowed through these coils
was regulated by connecting the pump to a Powerstat., A magnetic mixer was
used to stir the solutions in the titration vessel, and therefore a concentration
gradient was avoided,

It should be pointed out that grounding of all equipment was neceesary.
Any small charge built up by the electrical pumps, heaters, or mixer caused
abnormal deflections of the galvanometer, and inaccuracies in the pH readings
The ringstand which held the buret was grounded, as well as the solution itself.
The solution was grounded through a piece of platinum wire which was coiled
around the thermometer in the titration vessel, A diagram of the apparatus
appears at the end of the discussion of potentiometric titrations,

A list of the individual pieces of apparatus follows:

1) Beckman Model G pH meter equipped with a saturated

calomel electrode and a Beckman Model E No, 1190-80

glass electrode,
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2) Sargent Constant Temperature Water Bath, S-84805,
accurate to + 0.01°C
3) Powerstat-116, Superior Electric Co.
4) Mag-mix magnetic stirrer
5) Eastern Industries water pump, model B-1, type 100,
regulated by the Powerstat,
6) Gormann-Rupp water pump, No, 16R1-A8BC8F558, with

constant flow.
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Determination of pK values for the "ligands

The general procedure for determining the pK values for the two
ligands involved the potentiometric titration of 50 ml of the free base with
standard perchloric acid, The titrations were run in triplicate at 20°C,
30°C and 40°C; the end-points were determined by plotting the differential
curve of VHC104 Vs, .QA VEH . The equilibrium constants for the ligands
were determined graphically _e titration curves, and reading the

values for k;, and k, directly from the graph. The following equilibria exist,

since dissociation takes place in two steps:

H2A++ = u* ;4 Hat F > = (u) (HAh)
(H AT

At = uw' o+ Ak = (H)EB)
(HAH)

where (A) stands for the free ligand; (HAY) and (HZA'H') are the protonated
species, At the end-point, essentially all the base had been neutralized. At
one-fourth the end-point volume HAY = H2A++, and H' = kp. At three-fourths
the end-point volume, HAY = At and gt = kl’ By reading the pH values at
points one-fourth and three-fourths of the volume of perchloric acid at
neutralization, the values for pk2 and pk1 were obtained. An example of

for Disec
graphical determination of pkj and pkjy/is given on the next page. From the

pH values at -6: ml and 18 ml, pkz and pk1 were obtained,

The following charts summarize the determinations for the constants.
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EQUILIBRIUM CONSTANTS OF DISEC

SUMMARY OF VALUES OBTAINED FROM GRAPHS

22,

pH
Temp. Vneut, V 1/4 neut, (pk,) log H+ ko~ H4
20°¢C 24.00 6.00 g.12 1.88-10 7.59x1077
" 24.00 6.00 8.18 1.82-10 6, 61x10~?
" 23,98 5.99 8.16  1,84-10 6.92x10-7
300 C 23.95 5.98 8.00 -- IxIO'g
" 23.95 5.98 7.92  2,08-10 1.20x107
" 23.97 5.99 7.90 2.10-10 1,26x10"
40° C 23.97 5.99 7.67 2.33-10 2.14x10°8
" 23,96 5.99 7.76  2.24-10 1,74x10-8
" 23,95 5,99 7.74 2.26-10 1, 82x10-8
- pH ,
TempV 3/4neut. (pky) log H+ kjzH+  Kgzkjkp  pKe (pki+pk;)
200C 18 6.14  3.86-10 7.24x10" ¢ 5, 49x10-15 14, 26 '
" 18 6.15  3.85-10 7.08x10-7 4, 68x10-15 14, 33
"o 17.99 6,15  3.85-10 7.08x10-7 4. 89x10~15 14, 31
30° C 17.96 5.89  4.11-10 1.29x10-6 1.29x10°14 13,89
" 17.96 5,88 4.12-10 1.32x10'£’ 1.58x10°1¢ 13, 80
" 17.98 5.90 4.10-10  1,26x10"° 1.59x10°1% 13,80
40° C17.97 5.62 4.38-10  2.4x10"° 5.14x10-14 13,29
" 17,97 5.69 4.31-10  2.04x10~® 3.55x10"14 13,45
"o17.97 5.69 4. 31-10 2.04x10-6 3, Tix10-14 13,43
AVERAGE VALUES
k2 I Ke
20°C  7.04x10°9  7.13x10-7 5.02x10"1°
30°0C  1.15x1078  1.29x10"% 1. 49x10-14
40°C  1.90x10"%  2.16x10-® 4.13x10-14
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Summary of values for the equilibrium constant of Disec in terms of average

deviation and 95% confidence intervals at the three temperatures:. .. following

Dean & Dixon as cited in "Elem. Quant. Anal." by Peursem and Imes, pages

174-175. In this instance when nz3, twsl. 3, Q=.94.
| 95% confidence
Range w Ave.Val.x Ave. dev, Wtw interval (xtwtw)

pk, 20°C .06 8.15 1oz .08 8.15-. 08
ply 20° C .01 6.15 too .o 6.15%, o1
pke 200 C .07 14.30 .02 .09 14, 30, 09
pky 30° C .08 7.94 to4 .10 7.94%.10
iy 30° C .02 5.89.  to1 .03 5.89%,03
PKe30°C .09 13,83 tos 12 13.83%, 12
pk, 40°C .09 7.72 toe .12 7.72% .12
pk, 40° C .07 5,67 to3 .09 5.67%. 09
PKe 40°C .16 13,39 tor .2 13.39%, 21



EQUILIBRIUM CONSTANTS OF BISMON - SUMMARY OF VALUES
OBTAINED F ROM GRAPHS ,

pH -iog—H";

Temp. V neut.  V neut, pPH -log ut ; k H"' V3/4 1'H+ Ke=k k pKe
P (pk,) x 10 neut,  (pk,) , x 1018
20°C _4.40 1,10 8.83  1.17-10 1. 48 3,30 7.10 2.90-10 7.94x10"% 1,17 15,93
4, 39 1,10 8,80  1,20-10 1.59 330 7.14 2.86-10 7.24x10°% 115 15,94
4,33 1.08 8,77  1.23-10 1.70 3,25 7.05 2.95-10 8,91x10-8 1,51 15,82
30°C 44,12 11.03 8,77  1.23-10 1,70 33,09 6,91 3.09-10 1,23x10°7 2,09 15,68
4,43 1.11 877  1.23-10 1.70 332 6,94 3,06-16 1.15x107' 196  15.71
4,38 1.10 8.78  1.22-10 1. 66 3,29 6.85 3.15-10 1.41x10-7  2.54  15.63
40°C 4,29 1.07  8.52  1,48-10 3,02 3,22 6,65 3.35-10 2.24x10-7 6.76  15.17
4,31 1,08 8.50  1,50-10 3,16 3,23 6.62-.:3.38-10 2.40x10~7 7.58  15.12
4,30 1.08  8.52. 1,48-10 3,02 3,23 6,63 3,37-10 2.34x10"7 7.06  15.15
Average Values
ky Xk Ke
20°C  1.59x10"9  8,03x108  1.28x10-16
30°C  1.68x10°9  1.26x10-7 | 2. 12:,-.10"716 o
40°Cc  3,06x10"9 2,32x10"7 7, 10x10™ 16 &
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Summary of results for Bismon's equilibrium constants in terms of
average deviation and 95% confidence intervals at the three temperaturess
+o.following Dean and Dixon as cited in "Elementary Quantitave Analysis"

by Peursem and Imes, pages 17h-175.

tWg,g95 = 133 Qg g0~ +Ih

In this instance when I=3,

95% ccnfidence

Range W Ave.Val ; Ave.dev. - Vitw interval (% & whw)
520°C 06 8.680 ¥,02 08 8.80 * .08
120°C .09 7.10 1,03 12 7.10 £ .,12
£20°C 012 15.90 f.05 .16 15.90 ¥ .16
1309C .01 8.77 *,00 .01 8.77 & .ox
30% .09 6.90 2,03 12 6.90 ¥ .,12
30°C .08 15,67 1.03 .10 15.67 %10
Lo®c .02 851 5,01 .03 8.51-« ,03
1% .03 6.63 =.01 .0l 6.63 & 0l
40% .05 15.14 £.02 07 15,14 + .07
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Spectrophotometric Studies

A Beckman Model DU Spectrophotometer and 1 cm. Corex cells
calibrated against each other were used. Investigation was restricted to
the Bismon-Cu (1) chelate, since studies of the Disec-Cu (II) chelate have
been reported earlier.(lb)

Absorption spectra of eight solutions containing Bismon and Copper
nitrate in a molar ratio of 1:1 were determined between 400 and 1000
millimicrons at pH values of 3,00, 3.91, 4.92, 5.90, 6,96, 8.06, 8,88 and
9.95. This is shown in figure ([ ).

The absorbency maximum shifted from 625 millimicrons to 615
millimicrons as pH was increased. This plot also showed variation of absorbency
with ﬁH. Once the wave length allowing maximum absorbency was obtained, it
was used in the determination of the molar-ratio of metal ion and ligand in the

chelate., It should be mentioned that solutions of Bismon alone showed no

measurable absorbency in this rarge,
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(A) Determination of Ratio of Bismon to Copper (II) in the Chelate:

Method of Yoe and J’ones(Bz)

Solutions at pH 8,5 containing 0.005 molar Cu(ll) and increasing
concentrations of Bismon free base were inspected at the wave lengths 550,
600, 650 and 700 millimicrons, The absorbency increased with-increase in
mole ratio of ligand to metal ion until the point was reached where essentially
all the metal was chelated, At this point maximum absorbency occured and
a higher mole ratio produced no increase in absorbency. It was previously
proved that a pure solution of the ligand did not absorb light significantly in
this wave length range., A élot of the mole ratios vs. absorbency showed a
plateau region where chelation of the copper ion with Bismon was greatest,

It will be observed that the absorbency becomes essentially constant at a

molar ratio of one to one,
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DATA FOR METHOD OF YOE AND JONES

Diluted to 100 ml,, and adjusted

to pH 8.5
r A Y
Molar Ratio Volume 0,01 M Volume 0,01 M Wave Slit As,
Cu (II) Bismon Length Width

0.3 :

1. 00 25 ml 7.5 ml 550 .146- ,062
600 .095 101
650 .065 ,113
700 .049 .106

0.5 ,

1.00 25 ml 12,5 ml 550 .146 ,078
600 .095 127
650 .065 142
700 .049 ,128

1.0

1.0 25 ml 25 ml 550 .146 144
600 .095 .196
650 .065 169
700 .049 .107

L2

1.0 25 ml 30 ml 550 .146 ,152
600 .095 203
650 .065 169
700 .049 ,105

L5

1.0 25 ml 37.5 ml 550 J146 141

600  .095 196
650  ,065 165
700 ,049 096
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(B) Determination of Ratio of Bismon to Copper (II) in the Chelate:
Job's Method (22)
Whereas in the method of Yoe and Jones the metal ion concentration
was held constant, in Job's method the total concentration of metal and
ligand was held constant., For a constant total concentration of metal and
ligand, the concentration of the chelate is greatest when the metal ion and
ligand are present in the same molar ratios in which they exist in the chelate
compound, The maximum chelate concentration was determined using wave
length 550, 600, 650 and 700 millimicrons., The pH of each solution was
‘adjusteld to 8,5 to insure basicity, A plot of absorbence vs, molar ratios
of ligand to metal ion showed a peak corresponding to the molar ratio of the
chelate. This peak was at a molar ratio of one to one. It may be noted that

only when the Cu (II) concentration was in a large excess did ahy precipitation

occur, even after standing several days.



DATA FOR JOB'S METHOD OF CONTINUOUS VARIATIONS

Diluted to 100 ml,.,, and adjusted

30.

to pH 8.5
Molar Ratio Volume 0,01 M Volume 0,01 M Wave Slit As,
Bismon Bismon Cu (II) Length Width
0. 40 20 ml 30 ml 550  .146 .11l
600  .095 179
650  .065  .195
700 .049 . 169
0. 45 22.5 ml 27.5 ml 550  .146  .139
600  .095  .196
650  .065  .193
700 .049. 151
0. 50 25 ml 25 ml 550  .146 . 146
600  .095  .198
650 .065  .160
700 .049  .100
0.55 27.5 ml 22.5 ml 550 .146 . 146
600 .095  .193
650  .065  .159
700  .049 096
0. 60 30 ml 20 ml 550  .146 . 111
600  .095 155
650 . 065 . 125
700  .049 073
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Determination of Stability Constants
(A) Theoretical Treatment
(r8)(1)

A thorough account of complexation has been made by Bjerrum in
his treatise concerning complex equilibria. In following Bjerrum's method
for determining stability constants, it is noted that in the general equilibria
between a meatl ion, M, and N donor molecules of ligand A:

M+A=MA

MA + A = MA,

MA, + A = MA,
vess MA +A=MA

N-1 N

The individual formation (stability) constants are:
- (MA)

(M) (A)
(MAz)
k2= (Ma) (A)

e
[
1]

(MA5)
(MA,) (A)

(MAy)
N = TMAL) (A)

Rearranging these terms, the concentrations of each species may be found

n terms of (M), (A), and the formation constants,

EquationsI ((MA) = k, (M)(A)
(MA,) = kp (MA)(A) = kyk,(M)(A)2

(MA3) = k3(MA,)(A) = kjkyks (M) (4)3

UMAN) = kn(MAy_J) = k Kok, LT (M) (AN
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where (M) and (A) are concentrations of unbound metal ion and ligand
respectively,
The quantity n is defined as the average number of dongr groups

! :
bound per metal ion present in any form:

2 - (MA) + 2(MA,). ... N(MAN) = Ca-(A)
(M) + (MA) + (MA,). .. (MAY) S

where CA is the total concentration of ligand, C

of metal ion, and (A) the concentration of free ligand,

M the total concentration

When Equations ] are substituted into the expression for n, the values

»f n may be found in terms of the stability constante and free ligand concentra-

¥

jons, {A):
2 3
5 = K1{A) + 2K k5 (A)7 + 3 Kk ko ks (A) ..o
1+ K)(A) + k kp(A)° + Kk ka(A) ...

= CA - (A)
Cm

Bjerrum named this expression for fi the "Formation Function' of the
»ystemn, and the curve obtained by plotting n against -log (A) was called
the "Formation Function Curve',

Experimentally, values of (A) are directly determined or calculated
From the data, From the different concentrations of the unbound ligand (A),
}arious vaiues of i may be found from the above equation, Once the values
f{ & and (A) have been found, the stability constants may be obtained by
l) graphical determination using the Formation Function Curve, or 2) golution

;f the simultaneous equations by mathematical calculations,

B) Experimental : Determination of (A) and &
The stability constants of Bismon and Disec were determined from data

ibtained by the potentiometric titration of 50 ml of solution 10~3 molar in cupric
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ion and 2 x 10"3 molar in hydrogen ion withA 10 ml of standardized base
(4.94 x 10~2 molar Disec freé base, or 9 24 x 10”3 molar Bismon free
Base). The titrations were run in triplicate at 20°C, 30°C, and 40°C for
each amine. The titration procedure‘and cquipment have been déscribed in
an earlier section,

(/3)

The method of Carlson, McReynolds and Verhoek was used in the
determinations of various values of (A) and n. ‘Beginning with the equation for
the Formation Function, expressions for (A) were derived in terms of the
! :ydrpgen fon concentration and dissociation constants of the basic ligand.

Since the ligand was basic, allowance had to be made for the fact
‘hat ligand was removed by reaction with hydrogen ion as well as with metal
.on, For the diamine, the total concentration was expressed:

Ca = (A) + (AHY) + (AH,*) + AC

M
ind the twb dissociation constants of the base:

K, = (ANHY)
AR T
k. . = (aHH) (HY

AH
2 (AR,

The term X, was defined as the fraction of the amine not complex bound
yvhich existed as free amine;
L | X = “AH kAHz

kapkaH, + k A, (H) + (%) 2

‘The term D Was defined as the mean number of hydrogen ions bound to not-
.complex-bound amine:

s o _(aH) + 2(aHpH)
A~ A) + (AHT) + (AH, ¥T)




= kam, (HY + 2 (02
A=
kapkam, k AHZ(H‘f) + (H")=

Therefore, by appropriate substitutions in the expression for n, it was found
that i could be obtained in terms of the known dissociation constants and

hydrogen ion concentrations,
(aHt)
fp

-yt
CA - CH(H)

N

Cp+

n=

C
M Cym
vhere CH was the total concentration of added strong acid, The terms C,

nd CM were directly measured throughout the experiment.

Similarly (A) was obtained in terms of the dissociation constants and

ydrogen ion concentrations,

(A) = ochH"‘) =_ & (Cy - HY)
B n

A DA

Every set of experimental values of n and (A) therefore fit into the

‘ormation Function, and the corresponding stability constants were obtained

y solving a series of equations.



o 1] ky ko kyko k] [i]2 Denominator X
3.00{1 x 10%7  [8,03 x 1078[1,59 x 1077{1.28 x 10746 1,59 x 10712{1 x }qf B &gia JEEZE 10710
3.10]7.943 x 10=4|  # “ P 1.263x 10712]6.309% 10~7 6.309x 10-712.03 x 10710
3.20{6.310 x 074 o g z 10.03x 10713{3.982x 10-73.982x 10~7/3.21 x 10710
3.30{ 5,01 x 10~h z ’ {' o 7.97 x 10713} 2,51 x 10=7/2.51 x 1o-7z5.09 x 10-10
30503416 x 1074 |« . I 5,02 x 10713{9.99 x 10~819.99 x 10-8{1.28 x 109
3.70{1.995 x 1074 | " i p 3,16 x 10-13{3.98 x 1078{3.98 x 10-8/3,21 x 10~9
4+00{1,000 x 1074 2 | 1,59 x 107131 x 0% 11 x10°8 {1,238 x 2078
4.30{ 5,01 x 1075 0 o " 7.97 x 10=14 2,51 x 10~9]2.51 x 10~9 5.09 x 10~8
4.50{ 3,16 x 107 o ’ » " 5.02 x 10"11‘2 9.99 x 10-1‘}59 99 x10~11,28 x 10~7

2IH’ﬂ2 Numerator Denominator L
2 x 10~6 2 x 1078 1x 1076 2,0
1,262 x 1076 1.262 x 1076 6.309 x 10~7 A= kp(ut) +2 (a+)2
sk.ok, + k, (H¥) 4 (H*)¢
7.96 x 1077 7.96 x 10~7 3.982 x 10~7 - 12"
5.02 x 10~7 5.02 x 10~7 2.51 x 10=7 “
2 x 10~7 2 x 10~7 9.99 x 10-8 Z
7.96 x 108 7.96 x 10-8 3.98 x 10-8 .
2 x 10~8 2 x 10~8 1 x 1078 “
5,02 x 1079 5.02 x 107 2.51 x 1077 o
2 x 10~ 2 x 109 9.99 x 10-10 “




Ave. pH = 2.9333 = =(,0667-3)

20°C Bismon A= _ & (cy~(m)) At start -%
fi | Ave. H$ = Cy, = 1.166 X 10™3
V total soln, x 105 X

Ave. Xgé;'gase (50 zd geg?se ;(r_g%ﬁ-?ﬁo ,ﬁA (CH-Hf)x 102‘ (A) log A pd
1.27. 51,27 1,137 6.4 x 10711 137 8,77 x.10'i5 »9430-15 14,0570
2.87 52,87 1,103 1.015 x 10710 3.087  3.1333 x 10~k JL9596-1  13.5040
3465 53.65 1.087  1.605 x 10~1° 4560 7.319 x 10-1"4 »B86LL5-14 13;135u»
h.is 5415 1.076  2.55 x 10710 5.79 .76 x 1_0'1h 1.1691-1L 1é.83o9,
478 511,78 1.06 6.4 x 10720 b U7.62 x 107X 167780y 123022
5.30 55.30 1.05° 1,61 x 1079 8.50  13.69 x 10713 1.1364-13 11.8636
6413 56413 1.0&4 64l X 2077 9.40 60416 x 10713 1,7793-13 11.2207
7.33 57.33 1.02 . 2.55 x 107 9.70  2h.7h x 10712 1.393k-12 10,6066
8451 58.51 1.00 6.l x 1078 9.68 61.95 x 10712 1,7920-12 10,2080

"9¢



| 20°C Bismon

o= Gy - & (Cy-li#) o Cyp -(A) = Vol. base added

C jo!
A~ Iotal vol, soin, ' DBase

ese where M = 9,1h x 1073

“i * u
Cy = o 321. e MMatal +es wWhere M = 1.04 x lQ"3

<, x 104 (cp- A)x10h Cyx 108 &
2.26) 2.26), | 1.0 .223
Le962 La962 9.853  .50L5
6.218 6.218 9.692 L6416

7.005 7.005 9459 730

7.975 7.975 .49 «840

8,760 84760 99.40  ,932

94982 9.982 9427  1.077

11.686 11.686 9.08  1.267

13.29) 13.291  B.89  1.149%

.
-
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30°C Bismon Otz '

klkz-;-};z(Hﬂ-i—(H'}“)"
pH (irh ky k, Kk, ",kz-(ﬂ"") (ah2 Denominatokr oc
2.85 1,761x10°3 1,26x10-7 1.68x1079 2,12x10716 2, 958x10-12 ,3.‘1091::"10"‘6 3,101x10"¢ 6, Bax10-1
3.00 1,00x10"3 g " . “ 168210712 1ag-6 1x10-6  2.12x10-10
3,30 5,01x107% " e 8, 17x10"13 »”Z.Sixlﬂ'_? 2.5110°7 8, 45x10-10
3.50 3.16x10"% . 5, 309x10"1? j9.99x'1'o“8 ‘9».‘99‘5:10‘8 2.12x10"9
3.70 1,995x10"%  « " o 3.352010-13 3, 98x10"8 3.98x10"8 5, 33x10"9
4,00 1,00x1074 2 s 1.68x10°13 1a0~®  xi0°8 2. 12x10"8
4.30 5. 0110”7 “ " ‘“ 8. a17x10°14 2, 511077 2, 5110~ 8, 45x108

°g¢



- kyEhezE?
30° € Bi smon A kky + kp(H)+(HT)Z
Z(H*)z -~ Numerator Denominator ﬁA
6.202x10"8 6. 20221078 3,101x10- 6 2.0
2.x0-6 2x10-6 1x10~6 2.0
5. 02x107" 5.02x10"7 2, 51x10”" 2.0
19, 98x10"8 19, 98x10"8 9.99x10-8 2.0
7. 96x10"8 7. 96x1078 3.‘9‘8::10‘8‘ | 2.0
2x10~8 2x10-8 1x10~8 2.0
5, 02x10-9 5, 02x10" 9 2. 51x10"9 2.0

"6¢



Ave. pH = 2,7966 w = (.2034~3)
30°¢ Bismon  (A)= (Cy ) At start «% o, 3
A Ave. WG, = 1.596 x 10
AVe.Kgiégase ‘{53:,:1:;]}5:);:' ?fs‘g__-cﬂo = ( ct)x 102 (a) log A pA
1.40 51,40 155 3.2 x 1071 209 T8 x 10715 85u2-15 k.58
3.2 53.12 1,50 1.06 x 1070 S50 5.300 x 1071 .7243;5-11,, 13.2757
.58 51,458 146  4.23 x 10710 959 4,057 x 10713 ,6082“‘..13’ 12.3918
5,17 55,17 145  1.06 x.2077 L3 1,202 x 10712 ,0799-12  11.9201
5,70 55,70 1,43 2.67 x 1077 1230 3.28, x 10712 [5164-12 11.4836
6.77 56,77 1.1 1,06 x 1078 1.31 1.389 x 10"11' J1427-11 m.8573
8.43 58443 1.37 b3 x 1078 5.584 x 10711 747011 10,2530

1.32

- o¥



- - “ hl | i >,
n=CA~T3A (CH'I#) - Cp— A

c‘,L = Vol. base added e ¥page ... where Mpgge = 902 x 1073

Ty Gy | vol. total soln. -
Oy = o tots'.gl =" YietalssWhere MHuetal = 1f°"’ x 1073

G, x 107 (Cp- K) x 107 Gy x 107 T

2.517 2,517 10.1 | «249

5.2 5u27 9.79 554

7.75h 7.75h 9.53  .8W

8,659 8,659 9.3 1918

9456 9.456 9.34 1,012

11.019 11.019 9.16 1,203

13.331 13.331 8.90  1.498

.I%



40 °C Bisunon

kykp

i i . 2 T (/2 Denom, &
2.70 1,995x107° 2.32107 3.06x10™7  7,10x107°  6,105x1071%<  3.98x10"8  3.98x10~% 1.768x10740
3.00 1x 1073  2.32x1077 3.06x10-9 7.10x10716 3,06 x10712 1x107% 1x107% 7.10x10-10
3.30 5.01 x107%  « o 15.33 x10733  2.51x10~7  2.51x10~7  2.83x10~9
3.50 3.16 #10‘-‘* & . o 9.67 x10-13 9.99x10-8 9 .99xi0'9 7.11x10~7
3.70 1.99507%  ~ & v 6.105x10~13 3.98x1078 3.98x107¢  1.78x10~8
400 1 x 107k z - 3,06 x10713 1 x 108  1x108 7.10x10-8
430 5,01 a5 - < - 15.33 x1074  2,51x10°9  2.51x1077  2.83x10~7
_ k(194 2(i)?
o Ik, £ k(7] £ ()2
| Z(H"')‘ Numerator Denominator EN
7.96 x 109 796 x 00 3.98 x 100 2.0
2 x 1076 2x10% °  1x106 2.0
5.02 x 107 5,02 x 107 2,51 x 10~7 2.0
19.98 x 10~ 19,98 x 1078 9.99 x 10~8 2.0
7.96 x 10~8 7.96 x 108 3,98 x 10-8 2.0
2 x 1078 2 x 1078 1x 1078 2.0
5,02 x 1077 5.02 x 10™7 2.51 x 1077 2.0.

A4



40°C Bismon

{Ave, PH = 2.6300 = («3700-3)

(A)= X (g - #) At start - (
N (ave i = Cy_= 2,345 x 1073
. & ,

A\@.Xgé;ﬁaae ‘{Sgo;::i%g (g___.c:Ho kY | (cﬂ-m‘)x 10k (1) 1§g A (-10§AA .
.89 50,83 2,31 .89 x 10710 3,15 2.0 x 107 781, 13.5522
3,15 53415 2.21  3.55 x 10730 1,21 4,296 x 10733 ,6331-13 - 12.3669
o3 5443 216 1415 x 107 16,6  2.357 x 10712 37212 11.6276
5.05 55405 2,13 3}";55 x 10~7 18.1 6.426 x 10712 _go79-12 111921
5.83 55483 2.1 .89 x 1078 19,1 1,700 x 10711 230411 10,7696
6487 56.87 2,07  3.55 x 1078 19.7 6.994 x 10711 ,gn45-11 - 10,1556

8,72 58,72 2,00  1.415 x 10~7 19.5 2,759 x 10710 ,44,08-10

945592

K44



400 Bismon

et P4 £ 1 AR SO S ‘,,‘.,b.
n GA nﬁ (CH‘H%) = Ly (A) CA = Vol. base added K " = 899 x 10-3
O Gy Total volume —— ° ~Base where “‘Base

, 50 . . 3
Cu = total vol. M Ftal where ‘Metal = 1 Ok x 10

G, x 1ok (c- Hx ©° g, x 10k kS
1.468 1.468 10.2 oLk
5.328 5,328 9. 515
74317 74317 9455 <766
8.247 8.247 945 873
9.388 9.388 9431 1.008
10.860 10.860 91k 1.188
134350 13,350 8.86 1.507

4 4
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20° C Disec

pi (BHx 103

2,70 1,995
2.80 1.585
2,90 1,259
3,00 1,000
3,10 0,7943
3,20 0,6310
3,30 0,502
3.0 0.3981
30° ¢ Disec
2,70 1,995
2,80 1,585
2,90 1,259
3.00 1,000
3.10 - 0,793
3B 0,6310
3.30  0.5012
3.&0 0.3§81

ky

X =

ky k5

ko

R -
7.13x10°  7.04x10°

r

17

U

»”

I

‘4

e

-6
1,29x10

L4

1.15x10

*”

/7

8

“
17
er
)
77
”

v

| 12 ‘
k3 kp  kp(H$)x10 (m+)Zx107

Ky kp + kp (2%) & (5h)2

S.Olea - 1&,05

»
74

L]

r
l,‘
’r

7}

1;h9x16ﬂ4

’7

L4

rr

8,863
7,040
5,592
hobh2
3,528
2,803

22,94
16,23
14,48
11.50
9913“

7.257

5,764
L.578

39,80

25,10

15.85

10,00
6,309
3,98
2,51
1,585

39.8
25,10
15.85
10,0
6.309

3,98

2451
1.585

Denom,
x 107

39,80
25310
15,65
10,0
6.309
e
F2451
1.585

3998
25.1
15,85
10,0
6.309
3.98
2.51
1.585

10°

1,261
2,000

3,167

5,02
7957
12,61

20,00

31.67

3.7hk
5,936
9.ho1

90

23,62
37.Lk
59.36
ol .01



K (%) & 2 (2hH?

"

RA T ok kp bk (8 4 (h)2
20° C Disec |
9. , Iiume:atzor Denom,
2 (g)x 107  * 10/ x 107
79.6 79.6 39.8
50,2 50.2 25,10
31,7 3.7 15,85
20,0 20,0 10,0
12,62 12,62 16,309
796l 496k 3498
5,02 5,02 2,51
31.67 3417 1,585
30° ¢ Disec | |
7946 79.6 39,8
5°9é 50,2 | 25.1
31.7 31.7 - 15,85
20,0° 20,0 10,0
12,62 12,62 6.309
7496 7.96h - 3,98
5,02 5.02 | 2,51

3.17 3.17 1.585

2,0
2,0

240

2,0
2.0
2.0
2,0

2,0
2,0
2,0
2.0
2,0
2,0
2,0
2,0

46.
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(a) = = oy (mhy) 8% Start (hve'p¥ W 2,6900 & ~ (.310023)

200 ¢ {Ave Hf = Cg, * 2,042 x 103
20° ¢ Disec | ‘
Ag:;e\loi.' ggt{;} Vol.  CH x 3:23 ;ﬁf_x 109 (Cx-E¥)x10° (a) x 102 1ég A P?;l i
Added  (504V added) “VEot o og
O 50,0 2,040 631 0,045 L0284 .L5332-1ly  13,50,668
.23 50,23 2,033 1.000 0.448 JAihy80 ,65128}1_3 12.34872
Jo 50,40 2,003 1,58 0,76 1,210 ,oB279-12 11,9172
-5l 50, 2,020 2,510 1.020 2 9566 ‘31408_'4"& -2 11.59176
468 50,68 2,015 3,979 1,221 k858 :68646-12 11,3135k
a9 50.79 2,000 6,305 1379 8,695  .93927-12  11,06073
i90 50,50 2,006 10,00 3,505 15,05  1,17754-12 10,8226
1.02 51.02 2,001 15,8} 1;603 25,39 1.40466~12  10.59534
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(4) =
30° C Diseo
Ava, Vol, Total Vol.
Agggg | ?g%;gfadaed)'
116 | 56’36
$317 50,317
487 50,487
.63 50,63
o173 50,773
92 50,92
1.07 51,07
1.213 51,213

A .

(CH-H*)3163

At Start

(c g = (u8¥) ) 30% ¢
cnoz 303 ot 4 10

.tot, na
2,35 1,872 359
2,347 2,968 762
2,339 l.700 1.080
2.333 7.45 1.333
2,326 11,81 1.532
2,319 18,72 - 1.688
2,313 29,68 1.812
2, 306 47,00 1.908

H
{Ave Ht

- 3
=
(A) x 10

2,262 .

5.076

9,931
18,09
31.60.
53,78
89.68

12

o6266 - - (03731"3)
Ho = 2,362 x 10-3

:  PA .

- .82737-13 12.17265

o35419-12 11.6455

© \70552-12 11.25hlg

.59699-12 11.0030;
1.257hh =12 10.7425%
1.49569-12 10,5003
1.73062-12 10.2663g
1.95274-12 10.047%
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YA = (A)
C N
C e Vol, Baso added

.-
-
n -

Total Vol 8o1'n.” Y Base where M = 4.9, x10-i2
,G M= TEEE%”%%IT"§EITH . ¥ yatal where M = 1.04 X10~3
20° ¢ Digea |

€ a)x 10t (Guor) x10h  (og)m 103 -
3549 23549 1.039 .0380

2,262 2,262 1.035 .2186

3,921 3,921 1.032 <3799

5.278 5.278 1,029 +5129

6,628 6.628 1,026 6460

7.68) 7.684 1.02) + 750k

84735 8.735 1,022 :L0Y

9.876 $.876 1.019 9692

30° ¢ pises

1.576 1.576 1.037 .1520

3.112 3.112 1.033 .3013

L7685 4,765 1.030 626

6.147 6.147 1.027 5985

7.521 7.521 1.02) 7345

8,925 8,925 1.021 BT

10.35 10.35 1.018 1,017

11.70 11.70 1.015 1,153



50.

LO®C Disec oL = ky kg ,
kiko # ky (W) # (87) <

pH o [H?‘] | iy k, gk, k., [ip‘]x 1012 (%) 2 106 Dxe;'loezlfx. o x 108
2,70 1.995 x 1073 2,16 x 1070 1,90 x 1078 4,13 x 107 3.79 3.98  3.98  1.038
2,80 1.585 x 10=3 3.01 2.51 2.51 1.646
2,90 ©  1.259 x 10~3 2.39 1.585 1.585 2.606
3.00 1x 1073 1.90 | 1.00  1.00 4el3
3,10 7.943 x 1074 1,509 6309 6309 6.546
3.30 ‘5».01 x 1074 952 251 J251  16.46

2[H7£ 12 ¢ 10 6 Numerater « [0 Den:m:}l.ga ° . T A
796 7.96 3.98 2,0
15402 5.02 2.51 20  § = %
3,17 3.7 1.585 2,0
2,00 - 2,00 1.00 2.0
1,262 1.262 .6309 2.0

«502 «502 .251 2.0




40°C Diagec

(2] =

ot A
n

(o =[1 #))

At Start- (Ave. pH = 2,6033 = <(,3967-3)

( B
(Ave. W = Gy = 2.492 x 1073
0
Ave. Vol. Base Total Vol.  Cy x 103 X g . pA
Added Solution 50/V totaleCy, ~H, * 100 [ox - w‘] x 103 [4) log A (-log )
216 50.216- 2.481 .519 486 2,522 x 10712 40175-12 11.5982
417 504417 2,471 823 886 7.292 x 10712 ,86285-12 11,1371
«593 504593 24463 1.303 1.204 1.569 x 10711 [19562-11 10.3044
730 50,73 2456 2,065 1.456 3,007 x 10~11  47813-11 10.5218
+900 50.90 2,448 3.273 1.654 5.4l x 10711 (7335211 10,2665
1.22 51422 2.433 8.23 1.932 1.59 x 10710 201410  :9.798

R =Cy =[]

A —————

C. = Vol Base added

Oy = 50

: ;‘ Total Vol. Solution

Total Vol. Soln.

., M Metal ... when M = 1.04 x 1073

. }i Base .;, where M = 4.94 x 1012

¢, x 0 [CA-A] x 103 Cy; x 10k 7
2125 +2125 10.35 «2053
4086 4,086 10.31 «3963
<5790 +5790 10.28 *5632
+7109 +7109 10.25 6936
«8735 8735 10.22 8547
1.1766 1.1766 10.15 1,1592

‘19
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(C)  Craphical Estimation of Stability Constants
(24) (13) :

Several authors have made complex equilibrium studies based on
Bjerrum's meth;nd for approximation of stability constants, At>a first
approximation, the following relationship holds true when fi = 1/2: |

k= 1/(4)

log k, = log 1/(A) = -log (A)

‘ 1
log ky = pA

Therefore, when i was plotted against pA for the Formation Function Curve,

the value of log k; was read directly from the graph at o = 1/2. Since it has

been found that N = 1 for the copper chelates of both Bismon and Disec, tljzere

was only one Btabiiity constant associated with each complexation at any particular

temperature. The values of these approximations are designated on the various

plots of the Formation Function Curves,
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(D) Mathematical Evaluation of Stability Constants

Beginning with Bjerrum's Formation Function:
2 3
ky (A) + ZklkZ(A) + 3k kok3(A)7. .. _ 1\172 ‘I,‘}.Kn (A)R

o=
: AT =

where K e‘quals the product k1k2k3' . ;kn, and n équé.ls’ the actual number
of ligands bound to a éivenz metallic ion, Since N = 1 for the copper chelates

of both Bismon and Disec, the exp;essioﬁ was simplified to the following:
ky (&)
1K, (a)

n=
Therefore, n + ﬁkl(A) =vk1(A)‘ '

5 = kl'kA) - &k (8) = k,; [(a) - ﬁ(Aﬂ

i . &
k= mEYTEGET @) d-a

()

Block and McIntyre introduced certain simplifying notations* one of which

was J,, where Jn = (n - n) (A)n. The specific equation above took the form:

L
kl =..J.i._....

The following calculations for the individual stability constants were made

using this simplification.

% It should be stated that even though the simplifying terms used by Block

and Mclntyre apparently are unnecessary when N = 1 these simplifications
have proven very helpful for systems where N= 2 or N= 3, In these systems,
the expressions for kn are more complicated, and any simplification is
desirable, ‘
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Jo = (1-8)(A); k, =8 _
1 ( \1 J1

20° Disec pH = 3.00; n=0.5129; (A) = 2.56 X 10~12

3, = (1-0.5129)(2.56 X 1071%) = (0.4871)(2.56 X 10712) = 1,247 X 10712
k = - 5129 - 412x 10 ; log ky = 11,615
1.247 X 10712

30° Disec pH = 2.90; # = 0.4626; (A) = 5.076 X 10~12

3, = (0.5374)(5.076 X 10712 = 2,729 X 10-12

ky = =_0. 4626 = L.695X 1011 ;log K, = 11.2292
2.729 X 10714

40° Disec ~ pH= 2.90; & = 0.5632; (A) = 1,569 X 10-11

3, = (0.4368)(1.569 X 10711y = 0, 6853 x 10~11

k. - 0.5632 =8.21X101%; 1og k; = 10,914
0.6853 X 10-11 - -

20° Bismon  pH = 3.10; & = 0.5045; (A) = 3.133 X 10~ 14
T, = (0.4955)(3.133 X 10719 = 1,552 X 10-14

k, = __0.5045 __ =3.24%x1013 5 log k; = 13,510
1,552 X 10”14

30° Bismon pH = 3,00; & = 0. 554; (A) = 5.300 X 10”14

) = (0.446)(5.300 X 10~14) = 2,364 X 10-14

= 0532 =2.34x101 ; logk, 13.369
2.364 x 1071%
40° Bismon pH = 3.30; & = 0.545; (A) = 4,296 X 10-13
7y = (0. 455) (4. 296 X 10~13) = 1,955 X 10-13
ky = __ (0. 545) =2.73X1012; log k, = 12,436

1.995 X 10-13
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Thermodynamic Calculations
{A) Theoretical Treatment

dinX = A H.
dT T RTZ

dlnk=_4H 4T
KT qE

Jomessi [ o
famx= 4R [ 12ar

' - : 2
In K] i:: = ARH [ ;]
. .

1
mf{z e 1')'
K R \Tz T)
™ . -4H /Y
xR (Tz' -—Tl

% .
) R TlTa
( T ‘1‘2 ) (Kl)

T,T | |
o= L2 (R) (2.3) (log K; -log K,) Temp, Range; 20-40°C

11

A H

, '('B) Calcuiationa
For Disec

AR =1293313)  (1.987)(2. 30)(11. 615 - 10.914)
293 - 313 -

3
ol =21 TX 107 4 57y(. 701)
-20

AH = (~4, 58 X 10%) (4, 57)(. 701)

AH = =14, 68 X 103 ‘¢al,

AH = ~14, 68 kcal,
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For Bismon

AH = (-4.

58 X 10°)(4. 57)(13. 510 - 12, 436)

AH = (-20.7 X 103)(1. 074)

pH = -22.4 X 10° cal

AH = -22,

Disec at 20°C

Disec at 30°C

Disec at 40°C |

Bismon at 20°C
Bismon at 30°C

Bismon at 40°C

Disec¢ at 20°C

Disec at 30°C
Disec at 40°C
Bismon at 20°C
Biémon atr 30‘°C

Bismon at 40°C -

4 keal

AF=-RThhK
AF = -(1.987)(293)(2. 30)(11. 615) = ~15580 cal or - 15. 58 keal
AF = -(1.987)(303)(2. 30)(11. 23) = 15576 cal or -15, 58 keal

AF = -(1.987)(313)(2. 30)(10, 91) = ~15634 cal or -15, 63 kcal

AF = -(1.987)(293)(2. 30)(13. 510) = -18117 cal or -18,12 kcal
AF = -(1.987)(303)(2. 30){13, 37) = -18544 cal or -18, 54 kcal

AF = -(1.987)(313)(2. 30)(12, 44) = -17827 cal or -17. 83 kcal

0H- AF
AF = AH-T 45 ; 88 =———"—

2511468 X 10% + 15,58 X 10%) - .90 X 10 . 900 _ 3,07 ca1/deg

‘ 037’93 3 3

pg=(-14.68X 1 +15.58 X 10%) _ .90 X 10 2200 _ 5 97 cal/deg

303 303 303
| 3 3 3 |

05 ={-14.68 X107+ 15.63 X 107) _.95X 10° _ 950 _ 3_p4 cal/deg
313 313 . 313 .

AS =1-22.4X 103+ 18.12 X 103) _ -4.28 X 103 = 428044 ¢ c’al/deg

; 293 293 293

5 ) 3 :

5= 224X 103+ 18,54 X 10°) 3,86 X 107 _ 3840 -2, 74caldeg

303 303

3 3 -
a5 =(-22,4X 103+ 17.83 X 10%) -4.57 X 103 _ 4570 =-14. 6 cal/deg.
313 313 313
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(C) Discussion

In the formation of the copper cheiétes of Bismon and Disec, it
1s apparent from thé 16g K values that both compounds have high stabilities,
Inspection of the associated thermodynamic quantities is sigﬁiffcant even
.*‘when the log K values a?e given entirely in terms of concentrations, It is
seen that the -AF and -AH véiueg are in agreement with the corresponding
stabilities of the Vcompounds. | The high -AH véiueé 4signify the‘ relative‘bond |
strengths between metal and li’gand; and are in a.ccora with the reskpe‘ctvive
basicities of the ligaﬁcg.a‘ On the other hﬁhd, the values for the change‘ in
:eniropy upon formation of ’the two compolundvé',are verjr' different.: Wh’er'e‘z;s’the
fdfxﬁatién Vofbi';he coApper-Diaec chelaté is’ acbbmpanied bjr a favorable’ entropy
'char;ge (approximately +3 e. u.), formation of the copper-Bismon chelate is
acccmpémied by a;ﬂnegative entfopy change (approximately ~14.5 e, u.),
According to other workerg?)this may mean that the structure of the ring ise
under strain. At ﬁrst glance, one might assume this strain to arise from
the presence of a 6-membered ring in a system where 5-membered rings are
usually more stabl(tf.‘/)However, the copper-Disec chelate also may have the
same ring structur;e. Therefore, this séems not to bg the significant factor
since the entropy chénge is favorable in the case of the copper-Disec compound,

Regardless of the cause of this negative entropy change, it is assumed
that the enthalpy (-AQ H) effect is favorable enough so as not to be significantly
offset by the unfa{rorable entropy effect,

As a direct comparison of the stabilities of the two compounds, the

following reaction may be written:

Cu(Disec)** + Bismon = Cu(Bismon)*t } Disec
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The associated thermodynamic quantities for the reaction are therefore:

©ve LF aH _AS

20 -2,62 -17, 67
30 -2.96 -7,72 -15,67
40 2,20 -17.64

Formation of the copper-Bismon chelate is in harmony with the relative
strengths of the ligands, as seen by the favorable AF and aH valuesl. The
small value for (- AH)iﬁ this case is expected since the reaction involveé a
more negative entropy value. Replacement of Disec molecules by Bismon
in the chelates, apparently causes an increase in strain upon ring formation,
Even with this‘fincrease,_ the copper-Bi'smon chelate is more stabl,e than
the copper-Disec chgl;:xte. This is primarily an enthalpy effect due to th'e‘

greater basicity of Bismon,
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STRUCTURE GF BISMCN : Cu(lll CHELATE

It has been shown that the mole ratio of Bismon to copper ion is
1:1. Since Cu(ll} is usually considered as having a coordination number N
of vfour, and the copper chelates as héving a square planar configuratioan)
it is assumed that for the 1:1 mole ratio of Bismon: Cu(ll) the Bismon is
quadridentate, This being the case, a structure may be proposed whereby

both the nitrogen atoms and the two primary alcohol groups take part in

chelate formation,

_CHp-CH-CH,
CH,-NH ~_ NH'
~cH

++ o2

CH, / Cu'm CH.
Yo o 2

The secondary alcohol group appears not to take part in the chelation, since
the resulting compound would be non-pianar. This 'second;ry alcohol group
does ha.ve a teﬁdency to contfibute to the ci:ela.tion of Cu(Il) as this was de-
monstrated in the chelation of Cu(Il) by 1, 3-diamino-2-pxopanel{?) The ligand
in that case, was apparently terdentate. whereas for the copper chelates of

Bismon and Disec it is quadridentate, No indication of polynucleation or

polymerization was noted,
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‘SUMMARY

Two polyhydroxyamines, 1,3 -bis(tris(hydroxymeth&l)methylamino) ~2-
propanol dihydrochloride and 1, 3-bis(2—hydroxyethy1amino)-errOPanbl di-
hydr,ochloride,;-jh,ave‘be‘en prepared; and the melting points of the compounds
were found to be 188°C and 139-44°C respectively. These hydrochlorides
were converted to their corresponding aixunonium bases by passing aqueous
solutions of each salt through an ioﬁ exchange column containing Amberlite
XE-78 resin., Standardized solutions of the bases were potentioniétrically
titrated with 0,209 N perchloric.acid at 20°C, 30°C and 40°C, and the
equilibrium constants were determined from the data, The pk values for the
bases are listed in the following table:

1, 3 bis{tris(hydroxymethyl)methylamino)-2-propanol

20°C 30°C 40°C

Pk, 6.15 5. 89 5,67
pk, 8,15 7.94 : 7.72

1, 3-bis(2-hydroxyethylamino)-2-propanol

20°C - 30°C 40°C
Pkl 7.10 6. 90 6. 63
pkz 8. 80 8. 77 . 8,51

The molar ratio of ligand to Cu(ll) ion for Bismon was found to be
1:1 by applying Job's Method of Continuoﬁs Variations and the method of
Yoe and Jones. Stability constant values were determined for the Cu(ll)
chelates o% both bases by means of pofentiometric titration measurements

at 20°C, 30°C and 40°C. The log K values are listed in the following table:



61.

Cu(ll) ; 1, 3-bis(tris(hydroxy'methyl)methzlamino)-Zi-prop‘anol

20°C 30°C 40°C
log K 11, 62 11.23 10.91

Cuf{Il) : 1, 3-bis(2-hydroxyethylamino)-2-propanol

20°C 30°C 40°C

log X 13, 51 13.37 12. 44

Thermodynamic considerations supported the relative stability
‘of the two chelates. It was found that 1, 3¥bia(2-hydroxyethylamino)-2-
propanol formed the more stéble chelate with Cu(Ill). This was in accord
with the more basic characteristics of the ligand. The negative values of
the entropy change upon chelation with Cu(ll} are, in both chelates, attributed
to the strain within the structure upon ring fbrmation. Each chelate appeared
to involve two Sémembéred rings and one 6-membered ring. No apparent
chelation was fdun& to exist involving the secondary alcohol group of the

ligands,
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TABLES OF DATA

Disec Standardization

Maximum N

vBismon Equilibrium Constant
Disec Equilibrium Constant

Cu {II) : Bismon St#bility Constant

-Cu (I} : Disec Stability Constant



22. 0
23.80
23,20

33.5&
23.60

F.92
8.57
8.03
775
7.13

hSO

3.50
3.13
3.00
2,688
2.81
2.73
2.62
2.54
2.48

2.10

2.19
2,03
1.93

DISEC STANDARDIZATION

Ag{{

«L0
.21
.79
37

3
12
«07
.08
11
.08
06
06

019
ogo
el
16
17
23
30
«28

#50
60
«20
<30
20

010
10
<10

«20
«20

o20
22

50

«20
10
10
10
«10
+10

[ = {9
Y

|

(e 129
qm

'23 |
1.05
1.60
1.70

2.30
3.00



2 cont'd.
| HO10),

b ——

3470
3.80
3,90
k00
Le20
Leli0
‘l‘.‘ 60
500
6,00
8.00
9.00

3

0,00
2,00
5405
7.00
9400
0402
2,00
400
6.02
8,00
0.00
1.00
1.50
2,00
2,50
3.00
320
3430
3.40
3450
3.60
3.70
3.80
3490

3.37
3.19
3.02
2490
2,75
2463
2453
2410
2.20
2.03
1.93
1.85

9.99
8459
8.07
7.18
Tehi7
7:28
6.87
6.1
6.13
5.87
5.56
5436
5.26
5.11
L1
460
4.38
.22
4.01
3.72
3.55
3629
3.11
2,99
2.89
2.72
2.61
2452
2.h41

219

2.05
1.93
1.85

apH

<18
o7
12
o15
12
+10

ApH

20
31
022
16

29

e26
«18
012
<10
o17
o1l
+09

«10

«10

010
20

. 020

+20

50
50
«20
.10
$10
.10

10
10
10
.10
«20
«20
«20

[~ 3 -3
-
b%

o110
62
1.10
1.60
2.10
2,90

2.60
1.80
1,20
1.00
85
55
NS



Determination of Wavelength for Greatest Absorbency . . , Varlation

of Absorbency with pH

Sample of Bismon crystals made up to a 1:1 ratio with Cutt (5ml ,1 N
Cut* diluted to 100 ml with H;0 and/or NaOH soln, for pH adjustment,)

#1  31.5245 S#1 29,8758
31,3987 ' 29, 7476
. 1258 gm . 1282 gm

S#4 30,2813 S#5 - 29. 6030
30, 1546 29, 4746
1267 gm , 1284 gm

#1 pH

St
S#2
5#3
Si#4
S#5
S#6
S#7

"t
14
n
11
13}
[1]

"

30, 0069

1311 gm

, 1289 gm

o« & 4 o &
OO LVLOVOOVO

-

oo n N U

B0 0OoNn bW
nMoooorQ N=O

29,7476
29,6192
. 1284 gm

29,3457

- 29.2193

., 1264 gm



Abs, 1 A Slit Width

e 400 . 405
= v 425 .335
- 450 <299
- 475 . 255
T 500 . 210
- 525 . 170
.002 550 . 135
.002 575 .110
. 006 600 . 086
.010 625 .071
.016 650 . 057
. 024 675 . 050
.036 700 . 042
. 046 725 . 040
. 057 750 .036
.060 775 .032
. 065 800 S
.063 825 . 029
. 062 850 .026
. 059 875 .026
. 056 900 .025
. 052 925 . 027
. 046 950. . 031
. 042 975 .036

. 040 1000 . 041



Cell 1: distilled H,O; Cell 2: S#1; Cell 3 : S#2; Cell 4 : S#3

Abs, S#1 Absg, S#2 Abs, 5#3 A S1it wWidth
. 085 . 129 . 096 400 . 420
.032 . 046 .028 425 .368
,013 .019 .006 450 .308
.011 .016 .010 475 . 255
. 009 .025 .028 500 .213
.014 . 056 .073 525 . 169
. 024 111 . 146 550 .135
.035 . 168 .219 575 . 109
, 047 . 209 L 270 600 .086
,056 . 222 . 283 625 .070
.063 .214 . 265 650 . 059
L 067 . 197 . 231 675 . 050
.074 . 183 . 202 700 . 045
L0717 . 154 ;162 725 .039
.082 . 133 .131 750. . 037
., 083 . 108 .097 800 . 030
.078 .096 .082 825 .029
L0172 . 080 . 064 850 .028
. 067 .072 . 056 875 .026
. 062 . 062 . 046 900 .025
.056 ,051 . 037 925 . 026
.052 . 044 .028 950 .031
. 049 .039 .025 975 .037

.045 . 034 .021 1000 .041



Cell 1: distilled HyO; Cell 2: S#é- -

Abs, S#4 A Slit Width
, 188 400 422
062 425 .373
. 027 450 : .313
.034 475 . 259
.068 500 - L 213
.127 525 .170
. 206 550 . 139
. 281 575 . 110
. 331 600" , 088
. 345 625 -
. 332 650 , 059
. 299 675 -050
. 256 760 . 045
« 217 725 , 040
. 183 750 . 036
. 150 775 .033
.124 800 1032
.102 825 ,030
. 083 850 .028
.067 875 . 027
L 055 900 .026
.044 925 .027
1036 950 J031
.028 975 -039

.023 1000 . 044



Cell 1: distilled HyO; Cell 2: S#5;.  Cell 3: S5§6;  Cell 4: S#7

Abs. S#5  Abs. S#6 Abs, S#7 BN Slit Width
. 139 121 .101 400 , 435
. 050 . 039 .027 425 . 380
. 028 .027 .023 450 . 318
. 046 .052 . 060 475 . 260
.090 . 115 . 119 500 .212
.164 . 179 5201 525 L 171
. 253 . 268 . 290 550 .138
.326 . 337 . 351 575 . 110
.370 379 . 385 600 . 089
. 375 .382 .386 615 .076
.370 . 376 . 370 625 - .070
.335 . 337 . 320 650 . 059
. 287 . 285 . 264 675 . 050
-, 236 . 236 L 215 700 . 044
..185 . 185 . 168 725 . 040
. 146 .148 . 136 750 .035
L116 .122 .110 775 .034
. 093 . 095 . 086 800 .032
. 069 .073 . 066 825 .030
., 056 . 060 . 058 850 ., 028
. 047 ., 050 . 048 875 - . 026
.036 . 040 . 041 900 .025
. 030 . 033 . 036 925 . 026
.025 .029 . 033 950 ,032
. 020 .023 .027 975 .038

. 017 . 021 . 024 1000 . 042



DATA FOR BISHON EQUILIBRIUM CONSTANT

ing 50 ml of Bismon free base (.01 M) and titrating with ,0211 N HC10) at -
° ¢ = 15t run |

E ApH
i ¥ ml HCIO) P 8pH_ VmlHCly, AL AV
Ol 0,00 5.80 »:ié 12,00 :gg -;33
.61 2,00 [5e6k a0 k2o 50 L8
.37 4,00 9.0 032 - 13,00 - %0 .6l
7.26 5.00 5.08 .ho L‘B.SO - .50 .80
X1 9,00 L.68 36 Lhk.OO B0 W72
W77 12,00 L.32 .26 Lli.50 S0 52
.62 13,00 L.06 2L L5.00 S0  JL8
.10 16.00 3.82 16 L8.50 W50 032
2 e g Ee oam B
) . [ 4 ° ' hd . .0 °
485 22,00 3.21 ¥ 18.05 - 1.00 i
W16 23,00 3.10 19400
467 214400 3.00 50,00
P.5‘8 25000
W18 26,00
'0»39 zgogg
»30 28,
W22 2pH 29,00 V- %%H
06 56 3100 50 - 0B
$90 36 3300 o0 08
oTh o0 35.00 o0 30
b a9 3790 2.0 095
Rl 2



lsing 50 ml Bismon free base (,01 M) and titrating with ,209 N HC1Qy at

30° C = 2nd run

pi

10,08
9.69

.21

b7

o35
69
69

4.50

A0 CO\W O

. a pH
ml HC10), pH apH av leHCth a V
[ ] [ O . L]
0.00 3.61 .;.:g .%.0 Ll.éo %:.
«20 3-18 .18 .10 h.?Q 1.
'28 g'gg 13 »10 h'gg l.
*80 2.76 oll 10 600 1.
1.00 2,61 5420
1.20 2.50 5.0
1.60 2431 5.80
-1.80 2.27 6.00
2.00 2.13 6.50
220 2.04 7.00
2.42 1.90 8,00
2060 1.30 9.00
2,80 1.7 10.0l
3.00 - :
3-1243 :
T P
] L] / .20 . -
L.00  [2p %§’§
h.20 ,.10 3.50
5.30  q0 6.90
L0 .30 6,50



Using 50 ml Bismon free base (.01 M) and titrating

at 30¢ C = 3rd run

pH,

10,20
9.83
9.1
9,20
9.01
8.85
8.69
8.52
Bolily
8,26

8.08

7,82
7.6
Tl
To2ls
7.12
6.91
6.?7
6,57
6.34
5499
5.72
5.28
kL9
3.85

apH |
«20
23
.35
27
Ll
.79
6ls

ml HCth

www\.»\::mmmmm

A L4
COONE N O omOhNET

8QOOOO00088

*

ke

a¥_
«20
«20
.20
+10
o]0
12
.08

with (,209 N) HC10)

A pH
pH_ apH_ nlHC10, ¥ i
i .10 L.10
3.l w2l L.50 30 2.1,0
3.20 17 k.60 .10 1.70
3.03 a5 Loy 1.36
2.80 g 1.0 - 23
2.73 -0 5,00 .
2.61, 5.21 '
2.8 5,10
2.50 5.60
2.6 5.80
2.1 %.00
2.32 6.50
2.§E g.gg
2. .
2.07 9.00
2.0 [ apH 10.00
av
1.00
1.15
1.75
2.70
.40
6.58
8.00



ing 50 ml Bismon free base ,01M and titrating with .209N HCLO) ab

¢ - 1lst run

4pH
.18
39

.26

A9
- 1.62

m1HC
HCth

0.00
220

60
.80
1.00

1.L0
1.60
1.82
2,00
2420
2.0

2.60
2.85

Av:

.20
.20

.10
.10

.20

pH_ apH_ mLHC10), I\ .f%?i__.

¢ .b3 10 .
3'bu X h‘ O .10 ’-"30
3.06 .10 h.?a 010 llug
2.96 "5 ;.80 .10 1.00
2.87 h.90 010 090
2.25 5,00
3:50' 2‘%3
2.13 6:Sof
2.39 7.01

AEH

aV

.90 '

1.95.

2,60

L490

8.10



Jeing 50 ml Bi ; ’ :
eoéng A iﬁ:mcn free base .01 and titrating with 209 NHC1Qy, at

i

.68

oli5
o3l
12
1200
3|62
.72
460
e 1t6
8,27
3,10
.88
413
45
140
27
.10
.89
167
be36

01 -

550
L6
18

apH
022
31
o35
«51
oTh
«58

mLHC1O),

0.00
«20
o0
60
.80

1.00

1.20

1.40

1.60

1.80

2.00

24,20

2.40

2.60

2.80

3.00

3 030'

3.0

3.60

3.8

Le10
Lo20
k.30
L0

o2l

19
10
«10
«10
«10

: ApH
BB opH mUEl, oy 4V
67 10 8
5 . [ '70
3.13 .15 h. -011 1.36
3.03 .10 .'éé . .09 1!11
2'9h .09 h' ‘10 090
2.87 2220
2.67 5'50
2.57 6.00
2.47 6,50
2.37 7.02
apHd
oV
1.08
1.63
g.10
740
5.80



ging 50 ml JO1H Slsmon free base and titrating with ,209 NHGth at

00 § = 3rd run

apH
1 mlHC1O), pH_ opd_ Wl HCIO, ¥ -
8 0.00 | 3,29 - k60 29 320,
07 & 3' . k o
B 20 Lo 3 ka 1 227
-39 -1 294 o7 BB .10 <70
10 60 2.67 . 90 : 70
.96 .80 2.81 07 5400 +10 7
Sl 1.00 2.60 5.50
57 1.1 2.40 : 6.50
42 1.60 2.32 7.00
.30 1.80 :
o1l 2.00
.92 2420
‘?7 2:’40
60 2,60
.43 2.80
27 3.00 apH
.32 apH 3'%% R
. 3,
AU R
5B T3y 3,80 o 1T
2k ) L% T 200
00 e L1030 k.20
38 15 b20 - Tp  7is0
ﬂgi 22 ﬁ‘ig a0 7.20
G0 L y.go 10 5.0



Using 50 ml of .01 M Bismon free base and titpating with .209 N HC
10° C - 1st run | ¢ 207 1 HoL, =

S

9+77
9432
9.09
8.90
8.72
8.58
8.0

8,27
8,10

1.93
Ta 7k
1.53
7.38
7,18
7400
8,82
6,68

6,50
6-32 ’

6,08
5,73
57

L99

bealy
3,82

mlncioh

0.00 -

22
i)
60
.80

1.00

1.20

140

1.60
1.80
2.01
2422
2.40

2.60 )

2.89
3,00
3.20

30

3.60
3‘80
L4.00
k.11
1,20
L.39
L.k

av_

«20
«20
«20

09
+10
«10

. ; . EH
pH_ opH  mlHC1O) av - v
312’.1 .5 '.‘.50 ' .10 R 5.80
3.0 1% 1,60 20 2.10
2.90 12 4.70 .1 1.30
2'78 . h.BO olo 1020

: 019 : .20 495 .
2359 200 N
2553 .26 ?.51 .51 .51
2.17 6.00
2.011 6.50 '

1095 7002
1.82 8.00
1.72 9,00
1,65 10,00

oEH

2V

.90

1.20
1.75
2.36
5¢33
7.50
Le20



Jsing 50 ml ,01 M Bismon fres base and titrating with ,209 N HC10) at
0% € « 2nd Tun

- 4pH
A mlHC10), pH_ opH_ m1HC10}, av_ a2V
L0 20 .00
;-73 0,00 3.38 .)348 k.50 .:%1 . '3*35
;037 ‘ oig 3.20 611 h.6]6 .09 1‘22
1,90 - 60 5 3 o1l L7 10 1,10
3- . 2.7 09 L.80 010 W90
3.?‘3 ‘ .80 2 069 .11 h.90 .10 1.10
o2 1.00 2.58 5.00
139 1.20 2.31 5.50
126 1.40 2.16 6.00
3,09 1.60 2,0} 6450
?‘90 1.80 1096 7.00
i L —
. .2
s 3160
. 2.
499 2,80
o 350
| . .
;.50 AEH ) 3.[}0 av "Za"!}g""'
28 g8 380 TG 0
RS TR - T S S
3‘70 .26 h.og .10 2,60
2'51 .39 ﬁo .10 3.90
;:36 .73 30 .13 g.go
3.?8 -60 ls.hﬂ ol Y 0



sing 50 ml o0l ¥
S S e Bismon free base and titrating with .209 N ﬁclﬂb at

16
.38
10
90
713
58
2

25

09
92
73
58
34
1k
99
81
6l
50
32

76
1
.96
22
69

ApH

«21
35
32

Y

o1k

53

ml HCO)

0,00
20
42
+60
«30

1400

1.20

1-!30

1.60

1.80
2.00

2,20
2,40
2,60
2.50
3.00
3.20

3.0 4y

3.31
307
2.50
2,79
2470
2,61
2.32
2.15
2.04
1.5

ept_
38

o2
17
o1l
«09
02

m1HOL0y,

k.50
he60
.70
4.80
1,90
5,00
9450
6.00
6,50
7.00

oY

«10
«10
«10
020
10
X0

S

3.60

3.80 °§3
hom .10
L0 .10
he2o °
4e30 ig
Lo °

1.05
1.75
3420
L. 60
7+10
530



Using 50 ml of , 05 Disec free base and titrating with . 2090 N HCIO, at 20° - 1st run

pH ml HCIO,
9.92 0. 00
9,63 0. 20
9, 42 0.40
9,29 0.61
9,20 0. 80
9,11 1. 00
9.01 1. 20
8.96 1. 40
8.90 1. 60
8. 83 1,80
8.79 2. 00
8.73 2,20
8.70 2. 40
8. 66 12,60
8. 62 2. 80
8.59 3.00
8, 44 3,80
8, 41 4,00
8.32 4, 50
8. 29 5. 00
8. 20 5. 50
8.12 6,00
8. 05 6,50
7.99 7. 00
7.91 7. 50
7.85 8,00
7.78 8, 50
7. 69 9,01
7. 60 9,50
7.51 10, 01
7.42 10. 50
7.31 11. 00
7.20 11.50
7. 10 12,00
7. 00 12. 50
6. 90 13,03
6. 80 13. 50
6. 71 14, 00
6.63 14, 50
6.56 15, 00
6, 48 15,53
6. 41 16, 00
6.32 16, 50
6. 28 17. 00
6. 20 17.50

6.14 18.00



Using 50 ml of . 05 Disec freé base and titrating with , 2090 N HCI()4
at 20° - 1st run {continued)

pH. - ml HC1O,4

6. 08 18. 50

6.00 19. 00

5.93 19. 50

5.87 20, 00

5. 71 20. 50

5. 69 21,00

5..58 21,55

5. 49 4pH 22,00 LY £pflel¥
5..33 .20 22, 50 .50 . 40
5. 13 .16 123.00 .30 .533
4.97 .31 - 23.30 .30 1.033
4. 66 .55 23. 60 .30 1.833
4.1 .40 23.90 .10 4,00
3.71 .31 24.00 .10 3.1
3..40 .29 24,10 .13 2.23
3.11 .16 24, 23 "1 ‘94
2.95 .16 24, 40 "0 "80
2.79 1 24,60 59 .55
2.68 .10 24. 80 .21 . 476
2.58 25,01

2,49 25,30

2,46 25, 50

2.38 25, 80

2,32 26,00

2.23 26, 50

2.17 27,00

2.11 27, 50

2,05 28, 00

1.98 29. 00

1.90 30500

1.87 30, 50

1.83 31.05

1. 80 32.00

1.72 34, 00

1. 65 3‘6. 05



Using 50 mlof .05 Disec free base and titrating with . 2090 N HC1O,4 at 20° - 2nd run

PH ml HCIO;

9. 60 . 201

8.50 -3.30

8. 00 6,70 .

. * —-——-———V
7. 00 . spH 12. 51 £ OpH/ oV

.00 " 60 19. 3.10 . 193
5, 40 22,13

. .10 . .37 - 270
5 30 20 22.50 50 400
5, 10 . 23,00 - :
| "0 ! .30 . 666
4,90 : 23,30 S

. "4 ..30 1.133
4 56 23. 60

"55 ‘ ,20 2,750
401 : 23, 80 '

. " 45 .20 2. 250
3. 46 . 42 24.00 : 1. 800

7 " 36 . .20 1.800

‘ ‘30 ‘ 20 1. 000
2. 90 . &t 24, 40 -

’ 13 - .20 . 650
2. 77 ' 08 24, 60 20 . 400
2 69 ‘ 22.'80 t ’

. .09 .20 . 450
2. 60 ' as 25. 00 2. 00 . 165
2. 27 R 27.00 : '

2. 09 o 29. 00
1.90 | 33.00

1.78 40, 00



Using 50 ml of . 05 Disec free base and titrating with ., 209 N HCIO, at 20°C - 3rd run

pH ml HClOg
9.92 0.00
8,31 5.00
8.02 7.00
7.72 90 00
7.54 10.00
7.12 12, 00
6.73 14,03
6. 42 16,00
6.16 18. 00
5. 86 20.00
5. 47 APH 22,02 V. apH/ 8V
5,30 T 22,50 —48 . —T
5.09 E 23,00 ", ’
4,91 23,30
’ .31 .30 1.033
4,60 23,60
.46 . 20 2,300
4,14 23, 80 X ' y
' +33. . 10 3.3
3,81 23.90
. 35 . 11 3. 181
3.46 24,01 ;
.31 .13 2. 384
3.15 24, 14 » :
.07 .06 1. 166
3.08 24.20 ,
.18 . 20 . 900
2.90 24,40
.17 .20 . 850
2.73 24, 60
.10 .20 . 500
2.63 06 24. 80 20 300
2.57 * 25,00 ¢ *
2.29 26,00
2,13 22.00
2,01 28,03
1.92 29.00
1. 87 30,00
1.75 32,00

1. 63 35.00



Using 50 ml of , 05 Disec free base and titrating with . 2090 N HCI1G, at 30°C - lst run

pH ml HCIOQ
9.76 .00
‘8. 51 2.32
8.00 5.50
7.70 7.62
7.20 10, 68
6. 80 12. 49
6. 50 14, 02
6. 20 15,71
6.00 17.22
5,70 . 19.31.
5. 49 20. 65
5, 41 21. 00
5,37 | 21, 30
5,30 | 21,60
5. 20 ApH 22. 00 AV _bpH/ 8y
5. 07 .06 22, 50 .20 . 300
4.93 22, 80 :
.23 & .30 766
4,87 23,00
.24 .30 . 800
4. 64 23. 30
3. .13 .10 1,300
4740 23, 60 ,
.20 110 2.000
427 23. 70 :
.27 3 .10 2. 700
4,07 23. 80
.31 .10 3. 100
3. 80 23.90
.24 .10 2. 400
3,49 24. 00 .
.16 .10 1. 600
3.25 24. 10
.12 .10 1. 200
3,09 24, 20
.09 .10 .900
2.97 24, 30
. 08 .10 . 800
2. 88 24, 40 |
12 .20 . 600
2. 80 ” 24, 50 " R
2. 68 : 24,70 ' .
2.54 25. 00
2. 40 25. 50
2.28 26. 00
2.19 26. 50
2. 11 27. 00
2. 00 28. 00
1.83 30. 00
1. 69 33,00

1,60 35, 00



Using 50 ml of . 05 Disec free base and titrating with . 2090 N HCIO, at 30°C - 2nd rw

pH ml HC104

9.77 0. 00
8.07 5. 00
7. 79 7. 00
7.30 10. 00
6.89 12,00
6. 49 14. 00
6.18 16, 00
5. 88 18,03
5, 59 20.03
5.22 ApH 22.00 AV _SpH/ aV
5. 07 .22 22,50 .50 11
4,85 _ 23,00 -
.17 _ .30 . 566
4, 68 v 23,30
.26 .30 . 866
4,42 : 23, 60 : ,
.31 .20 1. 55
4,11 23, 80 iy :
. 60 e .20 3.00
3,51 24,00 , :
.41 , .20 2.05
3. 10 24. 20 N N
.21 A .20 1. 05
2. 89 24, 40 : T
17 : . 20 .85
2.172 : 24, 60 e
. 10 1 .20 .50
2,62 24, 80 e
. 07 . .20 .35
2.55 27 25, 00 1. 00 * 57
2.28 T 26.00 RS s
2.10 27.00
1.99 28.00
i.90 29. 00
1. 82 30. 00
1.72 : 32,00

1,60 35,00



Using 50 ml of . 05 Disec free base and titrating with . 2090 N HC1O, at 30°C
3rd run

~PH m] HO1O
9. 74 10,00
8.06 5.00
7.8 47,00
7.47 9,00
6.88 12,00
6. 48 14, 00
6.16 , 16,00
5.89 18,00
5,20 17 22,00 .50 .34
5,03 22,50 . -
. 82 . 50 .44
4,81 23,00
.16 . 30 . 533
4,65 23,30
. 35 .30 1. 166
4. 30 23,60 :
.30 . 20 1. 50
4.00 23,80
L 30 [ ] 10 3. 00
3,70 23,90
.28 . 10 2, 80
3.42 24,00
.21 .10 2,10
3.21 24,10
.14 . 10 1.40
.20 , 20 1,00
2,87 24, 40
.15 .20 .15
2.72 ' 24, 60
, 11 .20 . 55
2,61 ‘ 24, 80
.08 .20 . 40
2,27 ' 26, 00 ) )
2.10 27,00
1.99 28,00
1.90 29,00
l. 82 30‘ OO
1.72 32,00

1.60 35,00



Using 50 ml of , 05 Disec free base and titrating with . 2090 N HC1O4 at 40°C
1st run

pH ml HCIO,
9,48 0. 00
8.12 3.00
7, 65 6. 00
7.38 8.00
7.03 10. 00
6.61 12,00
6. 20 14, 00
5,89 16,00
5. 60 18,00
sh em B0 v ewaw
4.77 .20 22,50 50 L 40
4.57 17 23,00 . 30 566
4. 40 'és 23.30 '30 '933
4,12 '3 23,60 : *
.31 .20 1. 55
3,81 23.80
.21 . .10 2.10
3. 60 _ 23,90 N
.24 ..10 2. 404
3.36 24.00 4
. 20 tlo 2. 00
3.16 , 24.10
115 .10 1.50
3,01 12 24.20 10 © Y30
2.89 12 24..30 "0 %0
2.77 ”14 24..50 ‘20. '70
2. 63 14 24,70 " 30 " 466
2.49 ”17_ 25.00 '50 °34
2.32 ¢ 25,50 ¢ *
2,21 26.00
2.05 27.00
;- 29..00
1.77 30.00
10 68 32. 00

1.54 35, 00



Using 50 ml of . 05 Disec free base and titrating with . 2090 N HCIO/ at 40°C
2nd run

pH mil HC1Oy4
9. 60 0.00
8.20 3.00
7,74 6,00
7,46 8. 00
7.12 10, 00
€. 69 12, 00
6. 29 14,00
5,94 16,03
5,68 18,00
5. 38 . 20,00 ‘
4.499 , _A_P_H___ 22.00 .....t.‘.y_. ...A..M
4. 82 . 21 22. 50 .‘50 " 42
4,61 : 22,00 _ '
.18 .30 - 60
4. 43 : 23.30 _
, .34 « 30 1.133
4.09 23,60
, .27 \ .20 1.35
. 23 ‘. 10 2‘. 30
3.59 ' 23.90 '
; .22 4 .10 2,20
3,37 ‘ 24. 00
.20 . 10 2. 00
3.17 24, 10 =
o .15 « 10 1. 50
3,02 : 24,20
¥ . ‘e 11 . 10 ‘lo 10
2,91 24, 30
.17 .20 .85
2.74 : 24,50
. .11 : Y 20 P 55
2.63 : 24.70
, .12 . 30 . 40
2.51 14 25,00 50 28
2,31 ‘ 25,50 * )
2,23 26. 00
2.09 27,00
1.98 28, 00
1. 88 29,00
1.:80 30.00
1.71 32.00

1.58 35,00



Using 50 ml of . 05 Disec free base and titrating with . 2090 N HC1Oy4 at 40°C
3rd run

pH ml HC1O4
9. 59 0. 00
7.88 5. 00
7.10 10. 00
6.09 15. 00
ST aw B® w Lma
4. 80 22. 50
4,58 'fs 23.00 :gg ::26
4,41 31 23.30 .30 1.033
4. 10 _39 23. 60 .20 1,950
3.71 C22 23,80 L1000 2. 20
3.49 ©23 23.90 .10 2.30
3.26 17 24,00 [0 1.70
3.09 ‘13 24, 10 .10 1.30
2.96 .08 24,20 .10 . 80
2. 88 16 24.30 .20 .80
2.72 13 24,50 . 20 .65
2.59 ;10 24,70 .30 . 333
2.49 28 22400 1.00 .28
2,21 K 26,00 ' -
2. 06 27. 00
1.93 28. 05

. 30. 00

.68 32.06

1.56 35, 05



‘Using 50 ml of Cutt-H' soln. and titrating with , 01M Bismon free base
-at 20°C - 1st run

"~ pH ‘ml base
.2, 82 0.00
2,85 1. 00
2,90 2,00
3.00 3,00
3.16 4,00
3,30 4, 50
3.50 5, 00
3,70 5, 50
-3.89 6, 00
4,07 6. 50
4,19 7. 00
4,30 7. 50
4,39 8, 00
4,54 9. 00
4,70 10. 00
4.92 11.00
5,03 11. 30
5.20 1160
5,53 12:00%
5,73 12,21
‘5, 85 12,40
5,98 12,60
6. 10 12, 80
6,20 13,00
6. 41 13, 50
6. 58 14, 00
6,72 14, 50
6,85 15,00
6,97 15,50
7.08 16. 00
7.26 17, 00
7.42 18, 00
1.59 19, 00

7,74 20, 00



Using 50 ml of Cutt-H* soln. and titrating with , 01M Bismon free base
at 20°C ~ 2nd run. : '

pH ml base
2,98 0,00
3,01 1.00
3,07 2.00
3.13 3.00
3.29 4. 00
3. 41 4,50
3,61 5.02
3..79 5,50
3.97 6. 00
4,12 6.50
4,24 7.00
4,33 7.50
4,42 8. 00
4, 56 9. 00
4,70 10. 00
4.92 11,00
5,04 11. 30
5, 22 11,60
5,33 11,80
5,52 12.00
5,72 12, 20
5.84 12,40
5.98 12, 60
6. 10 12,82
6. 20 13,02
6. 40 13,50
6.57 14,00
6,71 14, 50°
6. 84 15.00
6. 94 15,50
7.05. . 16,00
7.25 17.03
7. 41 18.00
7.56 19, 00
7.71 20.00

7.84 21.00



Using 50 ml of Cutt-H' soln. and titrating with , 01M Bismon free base
at 20°C ~ 3rd run

pH ml base
3.00 0,00
3.03 11400
3,08 2.00
3,17 3.00
3.32 4,00
3. 46 4,50
3. 64 5,00
3.81 5.50
3.99 6, 00
4,13 6,50
4,25 7.00
4, 34 7.50.
4,43 8. 00
4,58 9,00
4,72 10,00
4,95 11.00
5,06 11.30
5,22 11,60
5. 36 11, 80
5.54 12,00
5.73 12, 20
5,87 12, 40
6.00 12, 60
6. 10 12,80
6,18 13.00
6. 40 13.52
6,57 14,00
6.71 14.50
6,83 15, 00
6.94 15,50
7.04 16, 00
7.23 17, 00
7.40 18, 00
7.56 19,02
7.71 20,06
7.84 21, 00
7.97 22,00
8.08 23,00

8.20 24,00



Using 50 ml Cu -H solution, and titrating with 0,01 M Bismon free base at
30°C - 1st run:

pH_ ml! base
2.80 0. 00
2.83 1. 00
2. 89 2,00
2.98 3,00
3. 14 4,00
3, 27 4, 50
3. 43 5. 00
3,60 5, 50
3,78 6. 00
3.92 6. 60
4,03 7. 00
4,13 1. 50
4, 20 8. 00
4, 37 9.00
4,51 10,00
4,175 11.00
4,93 11,50
5.30 12, 00
5,50 12,20
5,64 12, 40
5,73 12, 60
5.84 12, 80
5.94 13.00
6,15 13,50
6. 31 14,00
6. 47 14,52
6,57 15. 00
6. 68 15,50
6.79 16,02
6.99 17,00
7.14 18,00
7,29 19.00
7.44 20, 00
7.58 21,00
7.72 22,07
7.81 23,00
7.92 24,00
8.01 25, 00
8. 09 26,00
8. 20 28.00
8.30 30,00



Using 50 ml Cd’~ H solution, and titrating with 0,01 M Bismon free base at
30* € ~ 2nd run: : .

PH_ ml base
2.83 0.00
2. 86 1.00
2.90 2,00
3.00 3.00
3.18 4,00
3.32 4. 50
3.48 5,00
3,64 5,50
3.81 6. 00
3.96 6,50
4,07 7,00
4,16 7. 50
4,24 8.00
4, 40 9.00
4, 55 10,03
4,75 11,00
4,94 11,50
5.29 12,00
5. 49 12,20
5,59 12,40
5,73 12,60
5, 84 12, 80
5.95 13. 00
6. 14 13.50
6.32 14.00
6. 45 14,50
6. 57 15,00
6,70 15,50
6.79 16,00
6.99 17.00
7. 14 18,00
7. 30 19,00
7. 45 20,02
7. 58 21,00
7. 71 22.00
T.82 23,01
7.93 24,05

8,00 25,00



Using 50 ml Cu - H' solution . and titrating with 0, 01 M Bismon free base at
30° C - 3rd run:
pH_ ml base
2.75 0.00
2. 79 1,00
2.84 2,00
2. 94 3.00
3.10 4. 00
3.26 4,51
5, 00
5, 50
6,00
6. 50
7.00
7. 50
8.00
9. 00
10,00
11,00
11,50
12,00
12,20
12,40
12,60
12,80
13,00
13,52
14,00
14,50
15,00
15,50
16,00
-17.00
18.00
19.00
20.00
21.00
22,00
23,00
24, 00
25,00
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ﬁsing 50 nﬂ ca'- H*solution, and titrating with 0,01 M Bismon free base at

40° C ~ 1st run:

[%

*

WwwwwuwivNeN

L] -
NH&@QG\&HQQO\

o

.

Lol o
b W
&N

4. 66
5,07
5,27
5. 48
5, 60
5.69
5.90
6,04
6,20
6,32
6. 42
6.52
6‘ 62
6,70
6. 87
7.03
7.17
7.31
7.44
7.56
7. 67
7.76
7.84
7.91
7.98
8.03
8.08

ml base

L[] L]
oouUuoOowLMOWLMDOOD O
OO0 OOmMOODOOOO

VENNSCHMINAWND

10, 00
11.00
12.00
12, 30
12,60
12,80
13,00
13,52
14.00
14.50
15, 50
16,00
16, 50
17.00
18.00
19. 00
20,00
21,00
22.00
23,00
24,00
25,00
26,00
27,00
28,00
29.00
30.00



Using 50 ml Cx?- H+solution, and titrating with 0,01 M Bismon free base at
40° C - 2nd run:

gg% : m1l base
2,62 : 0.00
2,72 1. 00
2,83 2.00
2.99 3.00
3.34 4,50
3.50 5,00
3,64 5.50
3.80 6. 00
3.93 6. 50
4,03 7.00
4,12 7.50
4,20 8,00
4,34 9.00
4, 50 10,00
4,70 11.02
4,89 11.50
5.19 12,00
5,39 12,30
5, 57 12,60
5. 68 12.80
5. 77 13,00
5.96 13.50
6.11 14,01
6,23 14.50
6. 35 15.00
6.48 15.50
6,57 16.00
6, 66 16,52
6. 74 17.00
6.90 18,00
7,07 19.00
7.21 20,00
7.34 21,00
7.48 22,00
7.59 23,00
7.70 24,00
7.79 25,00
7.87 26,00
7.94 27.02
8. 00 28,00
8.05 29,00

8.10 30,00



Using 50 ml Cu'- H+solution, and titrating with 0,01 M Bismon free base at
40°* C -3rd run:

PH_ ml base
2. 63 0.00
2.72 1.00
2,82 2,00
2.99 . 3.00
3,20 4,00
3.33 4. 50
3.50 5.00
3,64 5.50
3,81 6. 00
3.94 6.50
4,03 7. 00
4,12 7.50
4,20 8,00
4,34 9.00
4, 50 10.00
4,72 11.00
5, 19 12,00
5,33 12. 20
5. 48 12,40
5.59 12,60
5,69 12, 80
5,77 13.00
5,96 13.50
6.11 14, 00
6, 24 14,50
6. 36 15,00
6.48 15,50
6,57 16,00
6, 74 17.00
6.90 18,00
7.07 15.00
7.21 20,00
7. 36 21.00
7. 48 22.00
7.60 23,00
7.70 24,01
7.79 25,00
7.87 26,00
7.94 27.00
8,00 28,00
8,06 29,05
8.11 30,00



+

H solntion, and titrating with 0,049 M Disec fres base at

pl base

0,00
0,20
0.140
0,60
0. 80
1,00
X,20
1.0
1,60
.80
1.90
2'.‘1)
2,10
2020
230
2.140
2,50
2.60
2,70
2.80



Using 50 ml cd - B solution » and titrating with 0,0494 M Disec free base at
20°C ~2nd runs ,

pH_ ml base

2,70 0,00
2,78 0420
2,90 0,40
3405 0,60
3021 0080
3.3%9 1,00
3e5L 1,20
369 - 1,40
3.82 1,60
3499 1,80
L.09 1,90
LelB 2,00
he39 2010
Lo 72 2420
5002 2430
5¢2h4 2,10
5.48 2,50
560 2,60
5.7T1 2,70
582 2.80
5.90 2,90
5¢99 3,00

6418 3,20
6e35 3.40
6e51 3.60
6,70 3.80
6,90 44,00
7206 L1420
T+21 helsO
Te32 Le60
Teli3 L.80
7450 5,00
7.68 5.50
7.80 6,00
Te50 6450
799 7403
8,10 8,00
8.20 9.w

8.27 10,00



Using 50 mk CueH solution and titrating with 0,049k M Disec free base at
30 ¢ « kst run:

E:Kz ml base
'oOl) D00
2079 0.20
2,88 0.1,0
3,03 0,60
3419 0,80
333 1,00
346 1,20
3.60 1,40
3073 1,60
350 1,80
Le29 200
Lho60 2410
487 2,20
5e03 2430
5920' 240
5432 2.50
o8 2,60
556 2,70
5e66 2,80
s 2490
S8l 3400
6.0@ 3.20
6,18 340
6,56 .80
GeT2 4,00
6,90 1420
703 L,)s0
Telb L1460
7e25 La80
Tel2 500
ToLi8 5450
7.60 6.(!)
T+70 6450
T+78 7200
Te920 8,00
Te99 9.00

8,05 10,00



Us:lng 50 ml Cu =K solution, and t:.trating with 0,049 Diseo free base at
30°C = 2nd run:

pHE_ ml base
2462 0,00
2.70 0.20
2,82 Oh2
2,92 0,60
g:%g 0,80
3,38 %:23
3‘.21 1.h0
3.65 1,60
2,680 1.80
320 1,90
Le05 2.0
’4-25 210
h’g}f 2.20
}5‘.0%_ 2.30
o2 2.40
5615 2,50
5’,31‘ 2.61
Slg 2p80
2268 2.90
gog X0
6’10 3.20
6.27 S
6elily 3”80 '
6,63 he00
6,79 .20
6,97 0
097 180’40
TP h.60
TeX9 4,80
e 6,00
767 6452
T3 7,00
787 8,00
T«97 9,00

8,03 10,00



Using 50 mk Ca = H solution , and titrating with 0,0L9% M Disec free base at
36°G = 3rd runs

pH nl basge -
2462 0,00
2,70 0,20
20 95 0 .60
3.10 0,80
F27 1,00
3640 1,20
3.50 1.10
3.66 1,60
3081 1.80
— 1,90 ‘
h’ol 2. 00
Lhe23 24,10
he55 2420
LieB2 2,30
5 '03 20,40
5420 2,50
50'33 2.60
Seli5 2.70
5.56 2,80
565 2,90
SeT5 3,00
596 3,20
6e12 3.40
6,28 3.60
6.6 3,80
6463 4,00
6.61 k.20
6493 Lels0
709 h.60
Te19 L.80
Te29 5,00
Tolilt 5,50
7058 6.(»
T#68 6.50
7076 ‘ 7' m
7.89 8,02
199 9,00

8005 10,00



. R
‘Using 50 m1 Ci - H solution, aud titrating with 0,6L9% M Dissc free base at
LO'C ~ 1st runs

pH_ ml base

2,60 0,00
2.70 0,20
2 .80 O. ho
2,90 0,60
3404 0,80
3:18 1,00
3 029 1,20
3.40 2.4l
3e5h 1460
3,68 1,80
3.79 1490
3.93 2,00
hells 211
Lek2 2,20
he67 2.30
ko8l 2.40
Le99 2.50
Se10 2.60
5 .21 2 [ 70
5e31 2.80
SeliS 2,90
5450 3,00
5¢69 3.20
5.87 3,140
6,02 3.60
6221 3.80
6439 h.00
6453 Le20
6469 heLiO
6,83 L.60
6 093? h.BO
7002 5 .00
Te20 5.50
Te32 6,00
Tol3 6450
7450 7.00
7063 8. 00
713 9.03

7480 10,00



Using 50 ml Cu'= H solution, and titrating with c0,0L9) M Disec free base at
LO°C =~ 2nd run:

- pH_ ml base
2,61 0,00
2069 0,21
2.80 0.3
2,92 0,60
3.m 0. 80
3.19 1,00
3.29 1,20
3443 112
3.56 1,60
3.68 1,80
3.82 1,90
399 2,00
Le20 2,10
Leli9 2,20
he72 2430
lj«90 2.140
5403 2.50
SelT 2,60
5425 2,70
5l3h 2080
Selils 2,90
5-53 3’-m
575 3.20
5499 3.40
6.0 3,60
6. 22 3.80
6142 4400
6459 ke 20
6.73 h.ho
6487 L1460
6097 h.BD
7405 5.00
Te22 5650
T3l 6,00
Telh 6450
Te51 7.00
7063 8000
Te?3 9404

7.82 LD‘OO



Using 50 pl Cu = H solution, and titrating with 0,89h M Disec free base
at 416°C « 3rd run:

pH_ ml baze
- 2,60 0,00
2467 0,20
2077 0.,.‘0
2492 0,62
3002 0.80
3617 1.0
3,29 1.20
310 1.0
3453 1,60
3.67 1,80
3.77 1.90
3490 2,00
hold 2:10
bLe39 2,20
' h063 2.30
Le82 2.440
98 2.50
Sl 2,60
51 2470
5¢30 2.80
5eli0 2490
5-50 3,00
5'68 3. 20
583 3440
6. 00 3.60
6019 3.80
636 11600
6e53 Le20
6,69 beliO
6,81 Le60
69 he80
Te03 5.00
7020 5450
Te32 6,00
Tohi2 6451
7450 7400
T.62 8.00
Te12 9.02

7'79 L0.00
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