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INTRODUCTION

Many stuodies hsve baem performad in the paat 60 years focusing
spon complex ion formation and stability. Although the available data
is pleutiful, there are many studiea vhich have not bsea performsd.
Tabla I lists some of tha aveilabla data.

This rasearch project focused upon the complaxation behavior of
copper (II) fom with 1,3)-propylenediamina, N N, N' N'-tetramethy-
lethylenediamine, and N N, W' N'-tetramethylpropylensdiamine in
aquacus parchlorate iom solutiomns, The Bjerrum potentiomstric msthod
was usad to detarmina the formstion and stability constants. The
affects of changes in fonic atrength and temparaturs upon the formationm
snd stability constants wera studied, Also, tha steric effects of
mathyl groups, and chalata ring sizea mpon complax atability was iaves-

tt‘lt.d .



TABLE 1

Formation Constants for Selected Copper-Diamine Systems

Ligand Log kg Log kj Log ky Ref.
Histamine 9.60 6.49 16.09 a
traas-1,2cyclo-

Heptanediamine 11.04 10.11 21,75 10
N-3'-pyridylmethyl

athylenadiamine 9.0 6.90 15.9 a
cis-1,2-cyclohexzane~

diamine 10.72 9.40 20,12 10
2-aminoathyl

puridine 7.%4 5.64 13.18 11

1-phenyl-1,2
athylenadianine 8.72 8.36 17.08 14

a Chemical Society, Londom, Stability Constants of Metal lon Complexes,
Special Publ, No. 17, 1964



FORMATION AND STABILITY CONSTANTS

When a metal iom coordinates to two or more ligends in the form-
ation of a complex ion, it will do so st.pwilc.(l) During the stepwise
process intermediate equilibria will be prcoent.(z) The resaltant
stepwise formation constamts indicate the degree of stability of the
complexea formad in each intermediate equilibrium. The larger the
formation constant, the more stable the complex.

Stability conatants are indicative of the stability of the
complately saturated complex iom, that is, it indicates the stabilicy
of the complex ion as a1 whole. The stability constant is the product
of sach intermsdiate formation constant. It is defined as

Ky oz ke Rpees ky
vhere Ky 1a the atability constant, kg, k; and ky the intermediate
formation constanta and N the maximum number of liganda cowplexed.

The larger the atability comstant, the mora stable the complex,



Stepwise Formation of Complexes

Tha complex iou is the sssembly of a metal iom, and ona or mora ions or
molecules called ligands. Ligands are slectron donors, (Lavis bases),
snd metal ions are electrom acceptors, (Lavis lCldl).(s)

In aqueous solution, the metal ion is complexzed hy water molecules.
The solvated metal fon is itself a complex ion. In complexmation reactions
water molecules are replaced by other ligands. Water replacement occurs
because water complexzes weakly with metal iocns. Any strongly complexing
moleculea will replace vater in the coordinstion sphere.

As atated earlier, ligands donate elactrons to metsl ioms., Ligauds
can be anioms, that is, negatively charged, or ligands cam be neuntral
molacules. Ligands that complex to metal ions through oma domor atom
are called monodentate ligands, Thosa ligands that complex through two
or more donor atoms are called polydentate ligands. Bidentete ligands
is a spacial class of polydentate ligand. Bidentste ligands complex to
metal i{ons through two donmor atoms. Ethylenediamine and all ether diamines
are of the bidentate class.

The formation of the tetraammine copper (II) complex ion involves
four distinct equilibria.®) Beginning with the solvated copper (II) fon,

the four equilibria can be represented by the foillowing chemical equations:

Cn(uzo),‘ﬁ + NWH; = Cu (H;0)5(NH,) + Hy0 (1)
Cn(ﬂzo)3(NH3)z‘ + NB3; =5 Cl(lzD)z(llﬂa)zz* + B20 (2)
Cu('lizo)z(lll:,)zz* + Wy = cu(nzo)(nn3)32+ + Hy0 (3)
Cu(H,0) (WE,)3" + M == Cu(ly) 2t 4+ By (&)
and the overall equilibriom is

Cu(HzO)ﬁ’ + A4NH,y "._—";Cl(ll})ﬁz‘fﬁ H20 (5)

Applying the lav of Mass Action, the following expressions are obtained



k1 = _[cu(ma0) 5@3)2*] 1.66 x 10>  (6)
[c

u (8;0)4*] [muy] ]

k, = _[ca@ 24] = 3.16x100 (7
[cum20)3 0my) “*][ms]

ky = _Loum0)mp)a2t] o 813 x 102 (8)

[Cu (80), (NH4) zz‘j [mfi]

ky ® [c“(mal l24] - 1.51 x 102 (9)

[Cn (2,0) (NH3)32j[“3]

and the overall expression is

| Cu(WH3)42t = 6.58 x 1012 (10)
[cam0),2] [wm;]

Expreasions ki to k; are called concentration equilibrium coustents
or formation constants. The expression Ky is called the complexity or
stability constant. The magnitude of each formation constant gives an
indication of the degres of stability of each new complex. The grester the va
ef the formation constant, the more stable the complex. Thus, kjd>kydkidk,
Expression k ; indicates that the first smmonis molecule complexed is held

more tightly than the three succeeding ammonis molecules.



Copper (11) Ion

The coppsr (11) ion will nermally coordinate foar donor atoms. 1In

exceptional cases, copper (II) iom will complex six domor stoms. Several

ligands that form six-coordinate complexes with copper (I1) ion are moted

in the litcrltnrc.<5) In the case of diamine ligands, copper (1I) ion will

coordinate two diamine molecules sasily, and a third diamine ligand weakly.



Monodentete vs Chelate Ligands

Complexzes of cheleting ligands ave, in general, more atable than
those of en equivalent number of monodentate ligands.(6) Chelating
ligsnds are molecules that form rings upon complexation with metal ions.
The enhanced stabilicy of chelating ligands is called the chelate effect.
The chelate e¢ffect stetes: The reection of copper (II) iom with ammonia
molecules should be thermodynamically less favorable thau ita resction
vith ethylensdismine molecules.

The chelate effect is an entropy effect rathar than an electronic effect.
The electronic effects of ssmonias and ethylenediamine are practically
tdentical. (77 The similarity in electronic effects is due to the fact
that both molecules possess the same donor atoms, the unitrogen atom.

1o many cesea the stability of the chelate ligsnd vs the monodentate

(6) Table 2 lists the formation and

ligand differ by one to two pE units.
stsbility constants for asmonia and several chelsting ligands. The data
indicates that the ethylenediamine molecule is more atabls than the non-
ring forming, monodentate ammonis moleculs,

The incrsased stability of chelats liganda is due, in part, to the
ligand's abdility to remain complexed to the metal ion during reaction.
For example, vhen one of the ethylensdiemine nitrogen atoms dissociates,
the molecule remsins attached to the metal ion through the second nitrogen
atom. The Jdissociated nitrogen stom can only move but a few Angstroms
avay from the copper (II) iom, and the probability of ring reformation
i{s good, In other words, it is thermodymically favorable in terms of
sutropy effects. Om ths other hand, the dissociation of ammonia moleculea
from the copper (I7) ion reaults in a low probability of the ammouia

complex being reformed. Once disaocciated sammonia woleculea are awept

completely into solution allowing for ligand replacemsnt and ammonia



Formation Comstants for Aliphatic Dismines,
and Ammonia with Cu(II) Ion

Ligand Log k) Log k, Log k4 Log k, Log ky
Ammonia 4,15 3.50 2.89 2.13 12.66
1,2-ethylenadismine 10.72 9.31 20,03
1,3-propylensdimmine 9.62 7.00 16,62

1,2-propylensdimmine 10.58 9.08 19.66



instability.

It has been ropor:od,(s) based on enthalpic dsta, that the amine
aitrogens on the ethylenediamine molecule form very stroog bonds with
hydrated copper (I1) ions. In the seme report, ammonia wmolecules were
found to give noticably smaller enthelpy velues, inferring weeksr bond
attraction. The smaller enthalpy values for ammomia is a valid indication
of high entropy effects (probability) end increased stebility of ethylens-
diamine molecules,

Substitution of ammonia with sethylenediamine produces an incresass
in the reaction entropy. The replacemsnt of asmonia (monodentated ligand)
with ethylensdiamine (chelate ligand) produces an increase in the number
of particles in the system. In other words, two molecules react, but

three molecules are produced. This phenowmenon is illwstrated below
ca), 2t (en) <= coQm,),(en)?t + 2m (1)
3°4 - 372 3

wvhere (en) is the sthylensdiamine wolecule.
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Ring Size of Bideutata Ligand

In ganeral, five-msmbared diamine ring systems are more stable than
the corresponding six-membered ring syotono.(ﬁ) Saveral 1ns.ltlaators(6’9)
have studiad and compared the stability of 1,2-ethylensdiamine and 1,3-
propylanediamina as ligands with copper (I1) ion. Each {nvestigation indi-
cated that the 1,i-ethylenediamine ligand possessed greater stability.
The molacule'’s greater stability was iudicated by lerge formation conll:llltl,“!5
and favorable thermodynamic para-utoro.(g)

Bertech aud assoctates(10) mede an in depth comparison of 1,2-ethylene-
dismine and 1,3-propylenediamine at 10°, 20°, 30° and 40° ¢, and zero fonic
strength with copper (11) fon. Their findiags corresponded with those of
previous researchers.

Ironically, the enthalpy values for 1, 3-propylensdiamine indicate that

- ths molecule shounld be more stable than 1,2 othylonadia-lno.(g) The larger
sothalpy valoes sre sttributed to the greater basicity of the 1,3-propylene-

10
dia-lnn.( ) Cotton and Harris found that increasing proton affinity occarred

with increasing chain lan;th.(S) The enhancement of proton affinity reaults
in stronger scid-bass interactions (Lawis acid-base interactions). Strong
acid-base interactions are reflected by the msgnitude of enthelpy valuas.
The diminished atability of 1,3-propylenediamine éan. according to
Schwarl.ubach(7) and others, be traced to entropy differences betwesen the
twvo woleculee. Consequently, the formation of sixz-mesbered ring systems
produce increassd Ting strain upon chelation, and less favorable entropy
o!f.ctl.(lo)
Bolmes and Williams{!11) erudied the complexation behevior of 1,1~
sthylenediamine and 1,3-propylenediamine in ,30M perchlorats ion at 25°C.

A compariaon of trends in date collected by other investigationa and
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those of Holmes and Williame indicate greater 1,2ethylensdiamine stability.

Also, Holmes and Williame' data iaudicated 10-20% greater bound strengths

for five-mambared ring systems, and that sasily protonated ligands are

more difficult to cholato.‘lz)

It hes been raported 4,10) that sevan-mmbered ring systems asre less
stable than six-membered ring systems with copper (II) iomn. The chalation
behsvior of 1,4-butylenediamine has beeu investigated by researchers, and
concrate data has been unattainable. Acid dissociation constants hawve
bsso the only data collectable. The acid dissociation constants collected
follow previous observations that easily protonated species (long cheined
dismineg are mors difficult to chelate. Formation constants wers wmattain-
able dus to precipitation of complexes during investigatiom.

Investigators have reised the quastion of methy-substitution and its

sffect ou diagine complexatiom with copper (II) ion, Bjerrum and Lanm(8)
couducted iuvestigations using the methyl-substitated ammonia, methyla-

- mine. Their investigatiou indicated that methylamive's acid dissociation
coustant was twenty times larger than smmonia's. This fact indicated o
higher stability for ammonia. Subsequent investigatioms by Spike and
Pnrry(s) using 1,2 ethylenediaminme with zinc (II) aud cadmium (TI) 1ons
indicate that the methyl groups had no inductive effects on their complexes.
In other words, the methyl groups would tend to produoce lesa favorable
stability in terms of entropy effecta and stability constant valuss, and
the subasquent enthalpy values would be of larger magnitudes.

313010(13)

conducted an in depth study of steric hinderance using
C(1,2)-mathyl substicuted ethylenediemines. The data listed im Table 3
indicated that msthyl substitution and the possible inductive effects

has s winimal effect on coordinacion behavior.



Pormation Constants of Cu(ll) Iom with C(g,z)-Subotltutod
1,2-ethylenediamines

Ligand

1,2-e¢thylenadizamine
rac-2,3-butylenediamine
Maso-2,3-butylenediamine
2-mathyl-1,2-propylenediamine

2,3-dimethyl-~2,3-butylene-
diamine

b raf. 13

I « .30 NO3~ , 25%
Log kj
10.76
11.39
10.72
10.53

11,63

Log k,
9.37
9.82
9.34
9.08

10.24

Log ky
20.13
21.21
20.06
19.58

21.87

71
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Thermodynamic atudies (14) performad in perchlorate ion solutions
using C (1)-subatituted ethyleunediaminea indicate a slight dacrease in
stability with increasing substituent chain length, and nusber of methyl
groups on the C (1) carbon. Tabla 4 lists the pertinent data. The
deta also indicated an upward trend in entropy and stability constant
valuas vith increasing ionic strangth.

Tha affect of methylation on eix-membered ring systeme was studied

by larol(g)

in a limited investigation. The dats listed ip Tabla 5
indicates an incressing stability for the methyl derivative, This

fact led Hares to concluda that solvent interactions with methyl groups
producad favorsble entropy effaects.

The affect of mono-substitution of the amine nitrogen was studied
by Basolo and Murmasnm in 1952.(15) The dats collected is listed in
Table 6. Upon imapection, the dats indicatee a voticable decrease in
the stability of the complex ion as & functioun of substituwent chain
length, the exception being the N-n-butyl derivative. Basolo concluded,
(as other researchers h.d(8,9,13,14)) that the decreass in stability
snd slight increase for N-n butyl derivative, were sttributable to
sutropy effects. Hclntyrc(ls) perforned a similar study using 1,2-
athylenediamine and N-mathyl ethylensdiamine, and arrived at the sams
conclusion,

It was reported in 1953(17)

that the KR-di-substituted ethylenedia-
mines exhibited the similar thermodynamic and complexzation behavior as
the N-monosubstituted wolecules. Table 7 is a listing of the data.
Hares roportod‘lo) the i{nstability of N-isopropyl and N ,MN-dimethyl-1,3~
propylenediamine with coppar (II) ion, Precipitation occurred with

both molecules., Instability was attributed to unfavorable entropy effects,



Ligand

1,2-ethylenediamine
l-mathyl-1,2-ethylenadiamine
1,1-dimethyl-1,2-ethylensdisming

l-ethyl-1,2-ethylensdiamine

< ref. 14

TR R R AR A IR T G TR e

Formation Constante of Cu (II) lom vithCC(l)-Sdbctit-tod
1,2-ethylensdiaminea

Log k; Log ky
10.76 9.37
10.36 9.02
10.18 8.92
10.49 9.12

A A At bt RO R L P

log Kp
20.13
19.58
19.10

19.61

91



Ligand

1,3-propylensdiamine

2,2-4imethyl-1,3-
propylensdiamine

d ref.9

Formation Counstsunta of Co (II) Iom with 1,3-rropyl.n.din-1n¢ and
Mathyl Derivative

30°C, Is= 1.0M NO3-

Log k3 Log k2
9.62 7.00
9.94 7.43

Log kr

16.62

17.39

<1



Formation Conatants of Cu (11) with N-Alkylethylenediamine®

Ligand

1,2-ethylensdiamine
N-methylethylenediamine
N-ethylethylensdiamine

N-n-propylethylensdiamine

e ref. 15

I =
Log kl
10.76
10.53

10.19

.S0M NO3- ,

25%c
Log kp
9.37
8.56

8,38

8.16

Log Ep
20.13
19.11
18.37
18,14

91



Ligand

1,2-ethylensediamine
N,N'-dimsthylethylenedismine
N,N'-diethyiethylenedfsmine

N,N'-di-n-propylethylenediamine

£ rvef. 17

Formatiom Constants of Cu (II) with
H,B' - DiAlkylethylensdiaminef
I = .30M NO3- , 2%

Log k1 Log k2
10.76 9.37
10.47 7.63
9.30 6.32
8.79 5.53

Log Er
20.13
18.10
13.62

14,34

i
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increased chelate ring size and methyl substitotion on the amine
aitrogen.

Reports of resesarch performed with N-tri and tetra substitnted
; ethylens and 1,3-propylengdiemines are scarce in the literature, and

. thoss present in the literature are vary 1ncoup1¢tc.(ls)
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Perchlorate Ion

The parchlorate ion is a very poor ligand. Perchlorate ion assoc-
iation in complex systems exists when the complex in question is weak
: itlolf.(lg) Thos, perchlorate ion association is a possibility in the
g case of weak complex formation in parchlorate solutionms.
In this iovestigation, the effect of chelation and subsequent
" entropy influences will possibly nsgate any perchlorate association.
i The presence of perchlorate ion should have some influence on stability

(20)

in terms of the complex iom's chemical enviroument.
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EXPERIMENTAL
Reagents end Equipment

The chemicals used in this investigetion wers of analytical reagemt
grade, Daionized water was used jn dilutioms. All volumstric pipets

and burets were calibrsted before use. Glassware was of Class A grade.
Reagents

Bariumgparchlorate, anhydrous, sodium perchlorate, hydrate, and
copper perchlorate, hexahydrate were purchased from the G. FPrederich
Smith Chemical Company.

The 1,2-ethylenediamine, 98.5% was obtaived from the Fisher Scien-
tific Company. N,N N' Nltetramsthppropylesediamine, 99-%, N N W' N'-
tetramathylethylenediamine, 99%, and 1,3-propylenediamine, 98% were
obtained from the Aldrich Chemical Company. They wers used as obtainad.

Perchloric Acid, 70%L, was obtained from tha Mallinckrodt Chemical
Company.

Buffer pE 4.00 ¥ .0l was obtained from the Curtis Matheson
Scientific, Inc. Buffer pH 8.00 ' .02 wvas obtained from the Fisher
Scientific Company.

Prepurified nitrogen gaa was obtained from the Linde Div.--Union

Carbide Corp.
Equipmant

For temperature control a Forma Tamp. Jr., Model 2093-2, refrigerated
and heated circulating water bath, sand Magni Whirl comstant tempersture

bath were ased.
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For potentiometric measuremsuts an Horisom Ecology pH meter, Model
5998-10 equipped with a Fisher reference slectrode and a Perkin Elmer
Tri-purpose glass slectrode were used.

Temparatures were monitored using a Sargent G thermometer, range

18-31°C, and a Fisher Sciemtific 15-00A, renmge 10-51°C.
Water Bath Temperature

Forma Temp. Jr. constant temparature bath was calibrated to within
¢ .01°C of deaired tempersture. A Sargent G thermometer was used for
temparatures 20° and 30°C. Fisher Scientific 15-00A was wsed for 40°C
determinations. Temperature equilibration required 1-1.5 hoora. Magni

Whirl water bath was calibrated to within ¢ .10°C,

Calibration of pH Meter

Horizon pH meter was cslibrated using standard pH 4.00 ¥ .01 and

8.00 ¥ .02 buffers. Buffer solutions were allowed to sit in the constamt
temparature bath for one hour to ensure temperature equilibrium. Ref-
erance and pH electrodes were allowed to sit in a container of deioniszed
wster at temperature of inveatigation until use. Thia ensured

tempersture equilibrium throughout the system.
Preparation of Solutions

Acid-Electrolyte Solntioms
Solutions were prepared from a stock solution containing .100M Ba{Cl04)2
and .0983M HC104. Stock solution was anslysed for acid content usiang

standard analytical methods. All subsequant solutions ware prepared

from this stock solution.



22
é Acid-Metal iomn Solutions

Solutions were prepared from a stock solution containing .l402M
?00(0104)2 and .1018M HC10,. Stock solution wss analyzed for copper
‘content using stomic absorption. Stock solution was prepared for analysis
;by diluting volumetrically a 10 ml aliquot to approximately 7 ppm copper
‘content., Standards were prepared by diluting volumetrically a standard
"stock solution of copper to 1,5,10, snd 25 ppm. Standard stock copper
solution was prepared by dissolving one gram copper wire in 5 mls concen-

trsted nitric acid, and diluting solntion to 1000 mla. Standards and di-
'Iuted_ltock solution were run and absorption spectra obtsined. Spectrsl
points were graphed using Hewitt Packard computer and plotter, snd a least
squsres plot program. i

Acid content was analyzed nsing standard quantitstive mathods. All
subseguant solutions were prepsred from this stock solution.
Bese Solutions

All base solutions wera prepared by diluting concentrated base solutions
with deionized water. The molority of concentrated bases was cslculsted
using percent by weight and density values. Concentrations of diluted
bese solutions were snalyzed using standard quantitative methods.

Procedure

The procedure that was used for the Bjerrum potentiometric determination
of formation constants is as follows:

Two solutions were prepared from a standard stock solntion. The first
contained ,001M Bs(C104); and .002M HC10,. The second contsined .001M Cu(Cl0,),
snd .002M HC10,. Concentrated perchloric ascid was sdded to adjust scid
doncentration to ,002M HC1Qy.

Two additional solutions were prepsred by dilution of 50 ml aliquots from

sach of the previously prepared solutions. The first solution contained

.0001M Ba(C10,4) 7 and .0002M HC10,. The sscood solution contained



0001 Cu(Cl0,); and . 0002M HC10,. Sodium perchlorate was added to all
solutions to adjust ionic straugth,

Betwveen 200 and 225 mls of each previously prepared aolution were
placad {nto 250 erleyenmeyer flasks and placed in constant tempasrature
bath. A minimum of twvo hours was allowed for thermal equilibratiom.
Nitrogen gas was bubbled into the each flask for approximately twenty

minutes, to axpel CO; and 0;. Each flask was then stoppered vntil used

for the titrationm.

Fifty mls of solution was pipetted from flask into a 130 ml beaker
which vas partially submerged in the constant temperaturs bath, Sev-
eral minntes were allowed for thermal equilibrium.

Barium parchlorate solutions were used to determime zcid dissoc-
fation constants of the diamines, and the Cu(Cl04); solatiomns were
used to determins formation constants. Both of these solntions were
titrated with aqueous amine solutions. After each amins volume addition
one minute was allowed for thermsl equilibrium. The pH of the solution
was recorded after thermal equilibrium was attained., In the cass of
N,N,K' N '-tetramethylpropylemadismine ap to five minutes was allowed
for the reaction to reach equilibrium bafore a pl reading was taken.
Ritrogen gas was bubbled slowly into solution during titration.

The amine solutions were added with a calibrated 10 ml Class A
burat with .03 ml graduations, and Eppendorf pipets adjusted to deliver
.005 and .01 mle of acluntion. The pH wmeter was recalibrated after each
titration. Ionic strengths osed were 1.0, .50, .30 and .10 M. Tempar-

atures used were 20°, 30° and 40°C.

23
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Datermination of Acid Dissociation Constant
The base strength of a base is inversely related to its scid dis-
sociation constant. The two are related by the expression
K = K * K (1)
Solving equation (1) for K,, the following expression is obtainad.

x, - % (2)

wvhere K, is the ionization sonstant of water, K} the base constant

and K, the acid dissociation constant,
The acid dissociation constant is for the following equation
AR = A + W Q3)
where AE™ {s the base cation, A the unprotonated base and H the acid.
The following expression caa ba derived

r . M[E] s Kq (for basa) (%)
[a 8]

where K, is the acid dissociation constant.
Equation (4) is valid for a mono-basic molecule. When the molecula

is di-basic, such as diamines, the following equatioas hold trus

AR = i + 1wt (5)
At =5 e o (6)

where AH2' 15 tha second base mofety.

The following expresaions can be derived from equations (5) and (6)

K o« (&) (1) 7
m’

£2 » [“‘] !}"] (8)
[ ]

vhere ‘1 is the first acid dissociation constant end K; is the second



acid dissociation constant.

It i»s a matter of convenience to exprass Kl and ‘2 in tarms of
log values. The following expressions can be darived by taking the log
of K axpressions

log K} = 1log [E‘} + log _‘L_ (9)
[’ ]

Multiplyiog both sides of equation (9) by negative one, we obtain

[(A]
~log X3 = -~ 1log [B' “-log — (10)
1 [ ] i [An‘lj
which gives

[as*]
Equation (11) is a variation of the Henderson -~ Hasalbach equstion. If

E; 1s given the sams treatment, we obtain

*
pEk2 * pH - log _L-ALJ_ (12)
20
(48]
Equations (11) and (12) were used to calculate the acid dissociation
constants for each diamine. Computar progrsms were written to halp

facilitate the calculation of sach pK valua.

Determination of Formation Constant

The following mass lcslon axpressions are val1d (1)

K] = [f“ Al (13)
[ca*] [a]
- [Cu AZZ*] (18)

" oe 2101
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whera [A] is tha diamine concentration, Egquation (13) snd (14) are

derived from the fcllowing complexation equilibrium

+ +
Cul + A = Cu a2 (15)

cu A2t 4 2 Cu Ag* (16)

Constants k; and k; are called concentration constsnts, and are not

trwe thermodynamic constants. To be true thermodynamic constants, the
activity of each species need be factorad into sach equation. However, the
activity coefficient of sach species can be assumed to be comstant when a higl
constant ionic strength medium is employed.

According to Bjerrum, @)

the concentration constents asre formation
constants. The same terminology will be used here. The maximum number
of 1igands complexed to copper (II) ion is two; only these equations

will be developed and used. To determine the formation comstants, the

term n must be known. The term B is defined as

= . [l 2Duag] 4 c-- ¥ [May] an
(2]« D] o [ua] o -oe[ay]

wvhere N is the maximum numher of ligands. ¥For copper (I1) - diamine

complexes of N & 2, and the term & becomas

[car?’] & 2 [cun'] (18)
[ca?’] + [ca?®] ¢ [car?']

The term 1 is defined as the average number of ligands attached to the
coppar (1I) ion and expreases an unambiguous relationship between n

2
and the free amine concontratton.( ) Substituting equations (13) and (14)

24
into (18) and eliminating [Cu ]givu

. _kfA] + 2Kk [A)2 (19)

1+ [A] + kky [A
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where k} and k2 ara considered unkmown guantities. Rearrangemsnt

of equation (19)(22) and combining terms gives
- - 2
a + @-1Dk [A] ¢ @-2) xkafa] a0 (20)
and solving equation (20) for each individual formation constant gives
1 n

ky _— 21)
[a] 1-d) - @ -3) [A] kg

kg = L . 8 + (8- 1) (22)

(] k1 [a]

Before actual constants cam be calcmlated a set of epproximate constants
k; and k; must be determined, (21)

The inverse of [A] at half & values wss used as an approximation

21
of the formation conltlnt.( ) Doing so results in
1
k3 (23)
" 1
z = (24)
(Al a-1s

+ b
Thers exists aqval amounts of Cuz and CuA; for k] atn s .5,

* t -
and of CuA? and CnAzz for k2 at o = 1.5. Substitution of equation

(23) into (21) and equation (24) into (22) gives

ky = 1 . 1 (25)
[ . .5 1-3fl,

1 A (26)
[AJ5 . 1.5 k1 [“]'ﬁ = 1.5
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Equations (23) and (26) are the actual formation constant equations.

A i e
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Ragults

Table 8 contains the acid dissociation and formation comstants
of 1,3-propanediamine with copper (II) ion at 30°C.

Tables 9 and 10 contain the formation comstants for X N, N' N'-
tetramsthylethylenediamine and N,N N' N'-tetramsthylpropylenedismine,
reapectively with copper (IT) ion., Tables 11 and 12 are listings of
the acid dissociation constants for N,N,N' N'-tetramethylethylenediamine
and M, N N' N'-tetramethylpropylensdiamine, respectively. All data

were calculated with a computer progtsmmed using the Bjerrum potemtiomstric
method. Compnter programe are listed in Appendices A-D. The formation
coustant data for N,N N' N'-tetrsmethylpropylenedismine was determined

in .0001@ cCu?' gsolutions. Pracipitstion of complex occurred in .001M
Cuz‘ sélutiona., No precipitation occurred when 1,3-propylensdiamine

and W,N N’ N'-tetramethylethylenediamine were used with the .001M

cu?' solutions.

Acid dissociation constants for 1,3-propylenediamiss and N N, N' ,NK'-
tetramathylethylenediamine were determinad in ,001M Vo solutions,
snd those for N,N,N' N'-tetramethylpropylenediamine were determined in
.00014 Ba2* aolutions.

Tables 13 and 14 contain thermodynamic parameters for N N ,K' N'-
tetramathylethylenediamine and N, N N' ,N'-tetramethylpropylenediamine
complexes with copper (II) ion. Aplot of In K wvs I or ln K vs qu
and extrapolatimg to gero ionic strength gives the thermodynamic form-

ation constant, K . The slope of a plot of In K ws 1/T 1s related

to OR® by:
slope s+ —AK/R 1)
vheras AHR° 1s the thermodynamic enthalpy term and R is the gas

constant. Tha above equstion is obtained from the van't Hoff equation,



DATA FOR 1,3-PROPYLENED IAMINE

S e T B

At  30° ¢
Acid Dissocistion Constants Formation Conatants Using Copper (II) Iom

MOLAR ll -log K1 K2 ~log Ky k) -lag k1 k 2 log ky
NaC10,

1.0 4.98x10" 11 10.30(.03) 1.92 x 1072 | 8.72¢.02) 3.9% x 107 9.60(.01) 1.05x1871 202(.0
.50 s.28x10"11 10,28 (.01) 1.82x10"7 8.74(.01) s.19x10% 9.71(.03) 1.77x107 |7.28¢.0
.30 4.42x10-11 10.35(.03) 1.69x10-9 8.77(.01) 2.31x10 9.36(.02) 7.15x10%|5.87¢.1
.10 4.10x10-11 10.39(.02) 2.46x10°9 8.61(.0h) 2.69x10 9.43(.01) 6.34x10%]6.80¢.0

Standard deviations in parantheses

]



TABLE 9

PORMATION CONSTANTS OF COPPER (1) ION
WITH N,N,N' Ritetramethylethylenadiamine

Tewmp (°C) MOLAR kl log k1 kj log k,
NaC10,

20 1.0 8.65x10 7.94(.01) 8.08x10" 4.90(.07)
.50 3.72x10° 7.57(.02) 7.83x10° 4.89(.02)
.30 1.44x10° 7.16(.00) 5. 54x10° 3.74 (. 00)
.10 2.22x107 7.35¢.02) 2.45x10% 4.39(.01)

30 1.0 5.03x107 7.70(.00) 3.60x10% 4.56(.02)
.50 4.78x107 7.68(.02) 5. 55x10% 4.76(.01)
.30 8.96x10% 6.95(.00) 1.72x103 3.26(.00)
.10 1.05x107 7.02(.03) 1.15x10% 4.06(.03)

40 1.0 3.164x107 7.50(.00) 5.92x10% 4.77¢.01)
.50 1.91x107 7.28(.00) 6.77x10% 4.83(.00)
.30 1.22x107 7.09(. 00) 8.25x103 3.92(.03)
.10 2.11x107 7.33(.03) 2,95x10% 4.47(.01)

Standard deviations

in parentheses

1€



FORMATION CONSTANTS OF COPPER (II) ION
WITH N N X' N'-tetramathylpropylensdiamine

a0 o=

Temp (°C) gfgiga k1 log k] k2 log k2

20 1.0 1.59x108 8.20(.02) 6.94x10% 4.83(.13)
.50 6.81x10% 6.83(.00) 4.912x10% 4.69(.10)
.30 1.53x108 6.19(.00) 4,56x10% 4.66(.0%)
.10 2.10x105 6.32(.02) 3.11x10% 5.49(.01)

30 1.0 3.03x107 7.48(.08) 5.17x10% 4,71(.08)
.50 1.06x107 7.03(.02) 7.25x10% 4.86(.00)
.30 1.08x107 7.03(.10) 5.36x10% 4.72(.07)
.10 1.47x107 7.16(.11) 2.70x103 $.43(.06)

40 1.0 3.04x10 7.648(.07) 6.22x10" 4.79(.07)
.50 1.33x10’ 7.12(.00) 1.317x10° 5.13(.01)
.30 4.38x10% 6.64(.04) 8.17x10% 4.90(,13)
.10 3.70x107 7.56(.11) 2.79x106 6.421(.18)

Standard deviations in parentheses

[43



ACID DISSOCIATION CONSTANTS OF N,N,N' N'-tetremethylethylenediamine

Temp (°C) MOLAR K -1log K; K, - log Ky
NaCl0,

20 1.0 2,36x10710 9.63(.02) 2.76x10’ 6.56(.00)
.50 3.55x10" 10 9.45(.03) 5.16x10"7 6.29(.01)
.30 3.318x10°10 | 9.48¢.03) 4.96x10"7 6.31(.01)
.10 4.32x10-10 9.36(.02) 7.15x10"7 6.13(,02)

30 1.0 3.80x10 10 9.42(.01) 4.33x10"7 6.36(.01)
.50 4.93x10" 10 9.31(.02) 6.12x10"7 6.21(.01)
.30 6.26x10 10 9.20(.01) 7.91x10"7 6.10(.01)
.10 7.37x10°10 9.13(.01) 1.14x107% 5.95(.02)

40 1.0 6.97x10"10 9.16(.01) 9.30x10"7 6.03(.01)
.50 9.04x10-10 9.04(.01) 1.429x10"% 5.85(.01)
.30 8.19x10-10 9,09(.01) 9.81x10~7 6.01(.01)
.10 1.01x10~9 8.99(.02) 1.21x10°6 5.92(.01)

Standard deviationa

in pareantheses

€€



TABLE 12

ACID DISSOCIATION CONSTANTS OF N N, N' ,N'-tetramethylpropylenediamine

e Cinlu .

Temp (°C) MOLAR K, - log K K, -log K;
HaClOa

20 1.0 2.64x10"10 9.58(.04) 8.13x10"° 8.09(.07)
.50 3.66x10" 10 9.44(.04) 1.82x10°8 7.82(.09)
.30 s.60x10710 9.25(.02) 1.81x10"8 7.74(.01)
.10 s.89x10~10 9.23(.05) 1.93x1078 7.72(.02)

30 1.0 5.47x10" 10 9.26(.02) 1.53x10~8 7.81(.02)
.50 5.31x10°10 9.28(.03) 2.22x10"8 7.65(.03)
.30 4.53x10-19 9.35(.04) 1.96x10°8 7.71(.02)
.10 2.73x10-10 9.57(.02) 1.66x10°8 7.78(.01)

40 1.0 8.90x15°10 9.05(.02) 3.63x10"8 7.44(,02)
.50 4.06x10-10 9.39(.02) 3.13x10"8 7.51(.01)
.30 8.07x10"10 9,09(.01) 2.55x1078 7.59(.01)
.10 4.24x10-10 9.37(.01) 1.35x10"8 7.87(.0%)

Standard deviations in parantheses

k4



a5

TABLE 13

Theymodynamic Data of Coppar (II) Ion
with N-tetramsthylatad Diasmines
for Pirst Formatiom Conatsnt

NN, N'N'-tetramethyl-

N N N' N'-tetramethyl-

sthylepsdiamine propylansd{aping

20°¢

log ky 6.31 5.36
661 (kcal) -8.46 -7.19
aHy (kcal) 7.25 24.34
a5¢° (cal/deg) 53.59 107.%6

30'¢

log k] 6.58 6.77
501" (kcal) -9.13 -8.00
AHy° (keal) 7.25 24,34
481" (cal/deg) 35.03 106.68

40°C

log k1 6.62 6.42
0617 (kcal) -9.49 -7.63
OHY” (keal) 7.25 26.34
481’ (cal/deg) 53.46 102,09



Thermodynamic Paramsters for Protopatiom of Bases

°c YN Y- 4 aR%. . AG) 4G3 4Gh, . AS! 483 . asp. . -log Ki-log K,
20 8.25 4.87 13.12 |-12.35 | -8.21 | -20.76] 70.93 | 44.60 | 115.53| 9.3% | 6.12
N,N,N' N'-tetramethyl
sthylensdiamine
30 8.25 4.87 13.12 | -12.64| -8.24 | =20.88| 68,91 | 43.24 | 112.15| 9,12 | 5.94
40 8.25% 4,87 13.12 | -12.89| -8.46 | -21.35] 67.48 | 42.57 | 110.05| 8.99 | 5.91
20 ~4,07| -3.78 | -7.85% | ~12.31| -10.241 -22.55| 28.09 | 22.05 | 50.14 | 9.18| 7.64
N,N,B' N'-tetramathyl
Propylensdianine
30 ~4,07 | -3.78 | -7.85 | -13.17| -10.73| -23.90] 30.00 | 22,94 | 52.94& | 9.49| 7.74
40 4,07 | -3.,78 | -7.85% | -13.40| -11.18| -24.58| 29.79 | 23.63 | $53.42 | 9.35]| 7.80

AH" aund AG® are im kcal; A48° in cal/deg.

9¢
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The thermodynamic entropy valua, as’ ,» vas calculated by aolving
equation (2) for as®

AG* aR® -t as’ 2)
wvhere AG° 4s the thermodynamic free energy term and T is the
temperaturs in degreas Eelvin, The thermodynamic free energy term
wvas calcolated using equation (3)

4G° = -RT Ink® 3)

Many of the graphs of luk va I were non-linear., This nou-linear
beshavior occurred principelly in the 30° -40° C ramge and for the
complezation of the second ligand to the copper (II) fon., 4As a
result, plots of loK vs I were unusable for k, at 20t , and k; and k,
at 30° - 40° C., PFigures 1-6 are plots of some of the usable data.

In the course of this ifnvestigation, it was necesssry to deter-
uine the acid dissociatiom constamt for each diamine. Acid dissociation
constants for N, M ,N' N'-tetramethylethylenediamine and N N N' N'-
tetramathylpropylenediamine are less bassic than the unsvbatituted
ligand, The thermodynamic parameters for 1,2-.thylnnndln-1nn(1°) st
20° C are: Anf * -11.5 kcal, AHZ; = -10.3keal, Aci = =13.35 keal,

aG; ¥ -9.4 keal, 48] T 47 cal/deg and 48y : =3 cal/deg
and those for 1,3 propylnncdianinatlo) at 20° C are:
AH} 2 -13,3 kcal, AH] s -13,9 kesl, AG] s -14.3 keal,
°

062" = -11.6 kcal, AS1" = +3 cal/deg, and A4S3° . -8 cg

Comparison of the data with Table 14 reveals the increased acidic natare

of the wethylated derivatives.
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Discussion

In genersl, five-membared mstal chalate ligand rings are moras
stable than six-membered rings. The effects of steric streim om esch
ring system accounts for the incressed stability of five-mewbered
Tings over six-membersd rings. Also, it has baen r.portcsls' 16, 17)
that methyl-substitution on ths amine nitrogen has some effect on
complex ion stability.

Inspaction of the formation constants in Teblas 8-10 indicete
that methyl-substitution on the amine nitrogens causes marked decrsasses
in complex ion atability. The data listed in Tables 8 asad 10 indicatas
a significent decresss im both k; and k; values for the asbstituted
ligand,

A comparison of dates for 1,3-propylenedismine eund X M N' N'-
tetremethylpropylenediamine at 30° C (ses Teblas 8 and 10) indiceta
greaster basicity for the 1l,3-propylensdiamine ligend. According to
other 1nvcattsatorl.(6) as the protom affinity of the ligend incresses
the tendency of the ligand to function es & chelate ligend decreasss.
However, the data in Tebles 8 end 10 indicate otherwise. The more
basic 1,3-propylanediamine was found to bs mors stable than its N-
teatramsthylatad derivativa,

It has been rnportcd(13) theat complax stebility is greatly influ-
enced by steric hindrance, that ia, thermodynamically, the complex iom
is destabilized by unfavorablas entropy effects. A comparison of dats
by Hares (%) for 1,3-propylenediamine in Table 15, and the thermo-
dynamic dete listed in Teble 13 give an indicatiom of ths origin of
the N, N,X' N'-tetremsthylpropylenadiamine ligend‘'s imstebility. According
to the lttoraturo(’) free energy snd enthalpy values are usually lower
for ligends of lower basicity. The enthalpy valuss for the two ligends

differ greatly, an indication that methylation destabilisea the



COMPARISON OF THERMODYNAMIC DATA

k
Ligand alue a6° AR® As° ref,
1,3-propylensdiamine® 1 -13.3 ~14.0 -3
2 -9.7 -13.0 -12 9
1,2 -23.0 27.0 -15
1 -14.16 -8.6 21
1,2-ethylenediamine® 2 -12.43 -8.6 14 15
1,2 -26.59 ~14.2 35
1 -13.89 -8.5 20
N -methylethyleoedisminat| 2 -11.28 -7.0 16 15
1,2 -25.17 -15.5 36
N,N'-dimsthylethyleme-b 1,2 -23.3 -17.5 21 17
diamine

AG° aod AH®° are in keal;

8, = 30°C

by « 0°C

AS® in cal/deg.

11
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in terms of entropy values, be more stable.

The logic used by Coetonts) to explein ths ingtability of
1,3-propylenediamine ligand can be spplied to its H-tetramsthylated
derivative. Ring closure on the N N N' N'-tetramethylpropylenediamine-
copper (1II) complex ion is hindsred sterically by the methyl groups.

The longer chain length of the ligand results in the requiremsnt that
the ligand need traunsverse a longer distance to complete ring formatioa.
The longer distance requiremsnt decreases the probability of ring
formation. In lieu of this, vhen the required distance is transversed,
the methyl groups will hinder chelaticn by physically not allowing the
nitrogen slectroms to approach close suough for bonding. In conjumction
with this, the interaction of the mathyl substituted emine anitrogens
with the solvent will ianterfers with ring closure. For this reesou,
large positive entropy valuss were obtsined for the N, M N' K'-tetra-
methylprepyloncsdiamine-copper (1X) complen $om.

The NN N’ N'-tetramethylethylenedisming ligand wpon chelation has
a shorter distance to tramsverse for ring closure. As reported by
Basolo(ls' 172 methyl-substitution interferea with the chelating
ability of the ligand (See Table 13). The aforemsntioned reasons
for imstability are applicable here. Also, Basolo found that increased
methyl-substitution on the amins nitrogen cauess a lessening of stabilicy
in terms of enthalpy and free snergy values, and an enhancement of
eutropy valuss. The enhanced entropy values are attributable to the
more hydrophobic character of the copper (II)-diamine complexss formsd,
that is, enhancemsnt is due to solvent interactions with the ligand.

Comparison of Tables 1) and 15 indicate favorable free ensrgy and
snthalpy effects for the unsubstitnted ligand, and enhanced entropic
effects for the substituted ligand. The enhauced entropic effects reflect

favorable intersctions of the substituted ligand with the solvent.
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N,N,N’ N-tetramsthylpropylensdiamine-copper (II) complex ion. Da-
stabilization is of such a magnitude that the ensuing reaction becomss
endothermic (positive enthalpy), Figure 1 illastrates the endothermic
nature of complexation. A comparison of free energy values in Tables
13 and 13 indicate lower stability for the substituted propylensdiamine
ligand.

Increased randommess is evidemt when entropy values are compared.
The 1,3-propylenediamine ligamd is a well ordered system (negative
entropy), and the N,N K' N'-tetramsthylpropylensdiemine ligand is
s wholely disordered system (positive entropy). The discrepancy in
entropy valuss can ba attributed to ligand interaction with the solvent,
because, in terms of particle addition to the system, each ligand's
contribation would be equivalent.

On the whole, the dats indicated that for the copper (II)-
B, N,N' N'-tetramsthylpropylenediamine complex ion, entropy and enthalpy
effects are working in opposite directioms. This discrepancy in thermo-
dynamic parameters is an indication of the system's imstability.

The N, N, N' K'-tetramsthylethylensdiaming ligand ie more stable
than the N, N, N' ,N'-tetramathylpropylenediamine ligand with copper (II)
fom. (See Tables 9 and 10) The stebility iucrease involvimg the
N, M, N' N'-tetramsthylethylene diamine can be attributed to the chelate
ring sise. The chelate effect is a thermodynamic phemomsnon. The
thermodynamic deta in Table 13 i{ndicates that over all the W, M X' N'-
tstramitbylethylenedianine is more stable thermodynamically, that is,
the enthalpy values of the ligand indicate that the ligand amd copper
(I1) ion form stronger bonds, and that complexation is endothermic.
(See Pigure 2). Also, the free energy values indicate that the
substituted ethylenediaming is wore stable. On the other hand, the

entropy values indicate that the substituted propylensdiamine should,
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PRCGRAF wAS WRITTEN (ANUARYs 1941,

FRANKLIN N- RLUSSELL

THIS FROCRAM LSES THZ RJZPRL" POTERTIOMITRIC MZITHOD OF FORMATIN
ANS STASILLITY CONSTART DETERILNATION

TRIS ERCARAM LILL A€ (SED TO ASSIST TV HCTURMIANING DIAMINE STA3I-
LITY wIT# COPFER (II) ION.

TEIS CSRCLRAM WILL DO SO IN 14PZc ST4aGZS.
THIS FRECRAM LILL 36Tk oY THTAILISHING INTTIAL ACID AND COPPRER
CONCERTRATICNS BEFORE TITRATION (AMINI ADDITION}

SECONDLY +THIS HROLRAF WILL CALCULATE THZ VARIOUS SU3STANTE CONCEN-
TRATICNS OCCLR7FIAS DLRING ThT TITRATION 2RQCESS. 7 7~ — 7
THIRDLY+ GUANTITIEZS SUCH AS THE FRACTION OF AMINE NOT COMPLEX
3oUND WHICF FxIST AS FREE AMINE . THE VUM3CR OF HYDFOGEN IONS B
NOT SCULNE TO COMPLZ x-8B3uhD AMINTs THE (ANCENTRATION QF FrII 2MiNE,
ANT TRZ FORPMATLION FUNCTION F TAd SYSTIY.

BOINTS Tul ANLD THRTZ LILL »Z CALCULATED Ik A D¢ LGP

ALL THE ABOVET GUANTITIZS wlLlU HE BRINTZD 0ULT 3Y JRITY STATIMENTS
AT ThE SAD OF THE CALCULATION 3IEQUENCE.

o<



[a¥aVa¥ala

Y Y Y L

[ W W |

m

o ]

o

TRIS SZICTICN READS I8 Trhd P VALUES S0P T4 DIAMINE. THE VOLUMT
OF SOLLTICN TO SE TITRATEDS THz GRAFS OF COFPER COMPOUNDs ThE MOL.
wTa OF THE COFPER COMPOUNDa THE RMCLARITY OF THZ {ONC. ACID AND
THE AMINEs RESFECTIVELY. N L o
READE E430) PEARTAFCAHAVOLS 0L 203 CUT A XMUCUP aVILAZ a XMOAL « TATVOLAXMOA
FOSFATISFT7 L)
THIS SECTION wILL CALCULATE TAT MOLARITY OF (COPER AND AIID HEING
USTZD IN THIS TETEIMINATION. AND IT WwILL CONVERT THFE PKAH VALUES
T0 KAH VALLES.
RMCAC=(VOLACKXMOACI/TOTVCL
RMCLE=CRCUF/XFLCUF
XKArT={2/{10=*PKLRT))
XKAr={L/{10C»>xPKARH))
WRITE(E +4) PKARTFEAH2SMNCACRMCUP XKART v XKAR
FORMATY LX o {3XaFked) 213X sFhe3)22(3X41PElnen))
N=1
1N THE FCOLLOQWING 03 LCOP ZUATITIES DoALING WITH THE FOPYMATION OF
THE (CFEIR-AMINE COMFLTX wILL 37 CALCJLATED AT EACH voLUNWT CF
AMINE ALDIEL.
LO 7 u=1.N~
THIS SZCTION WILL READ IN THI VOLUMZI OF AMINE AND THE FH.
RE ALl E477) VOLAIliFH
FORMAT(EFLIC-C) —
THIS SECTICN LiLL CALCULATE 7THZ CONCENTRATLION oF HYDEOGT N IO,
ACILs TOTAL CCFPERa AND TOTAL ARIME. RESPECTIVILY.
CRYDRIZILZ (XOxaPHY) ' T - o o
CONAC=IRMCACRVOLSCLIZEVQLSOL+VOLAM)
CONCL=(RMCLFAVOLSCL)Z(VOLIOL+VOLAM])
CONAM=(VOLAr aX0Aar ) /(VOLSOL+vVOLaM)
THLis SECTICN wiel CALCWULATE THE FRACTION OF AMINE NOT COMPLEY-
FOUNDS wWhICH EXIST AS FREE aMI s THE TIR® JALPHA.
BALPHAT((XKARTXKAP ) +TUXKAATACHY DR II+LCHYDRIXX2))
CALFHA=({XKAHT + XK AH}/3ALPHAI =L OGO U.D
MNat QA= ad CUART O

1s



THIS SZCTICN wILl CALCULATE THT MEAN NUM3IR OF HYDPOGEN IONS HOUND
TO NOT-COMPLEX-BOUND AMINI; THE TERM HA?JA-m
TXARNAZ IXKARTRXKAH) + (XCART«CAYDT 1+ (CHYLPIx
CAFNAS [ XKAHTxCAHYLRIV+ (ZFx(RYDRIxx)
JARNATCARNA/ XARNA
¢ THIS SECTION WTLL CALCULATE THE FORMATION FUNCTION FOR THT SYSTIM
BARN={COMAT-{ (CONAC-CRYDRI)/BARNAY I /CONCY
C THIS SZCTION klIlLL CALCULATE THE FREE AHINL CONCENTRATIONS
FARCA={DALFHA/TARNATx{ CONAL-CAYTRI
C THIS SZCTYION wILL CALCULATE TaZ Lu@ OF TAS FREZ AMINT COMCINTSATLON.
Faa=ALCGLY (RARCAI=(-1.0)
€ TRIS SZCTION wILL PRINT 6UT ALL OF THZ a30V¥Ip vaL'cs.
WRITE (h+17?

™M M

|Ul

2

L7 FORMAT{COXy " * x &« x * = x ¥ ¥ x % = x ¥ < ¥ % % % V)
T T U URTITE (L B9 CHYDRINCALCHAN3ARCALPYA 7 T
89 FAFRMATS( F{12T1leebl+ZEd.9)
WRITZ{b+35) VOLAMSCINAGCONCLsCONAMADH R AR VAVSAR N
35 FORAAT (I aFbasa3T2XFLded) vIXaFhe2ea INafFhedeIXFAL 517
A=N+1
? CONTIAGE ] ] B
C THIS SECTIGN EMNDS  THI PROLGRAM
ET(CE
ENT
*ZND PRIANT 79 FECARDS T - )
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C THIS SZCTICN READS IAN THE ACLD AND AMINT MOLARITIES
xIvaC=CSGC.-0
READ(C412) ACKFO.AFN)aN
FORMAT(EFIC-0+1I4)

THIS SECTION w.ll CALCULATE THE PKAX FOR T~2 DIAMIN

™ et
i

e @ u=1.N "

C  ThIS SZCTION ailLL 2~ AD THE VOLUMe OF AMINE aAND ACID
B CREADCESZCY AMVLPH o o .
24 FORPAT(ZFLLC-0)

C THIS SECTICN NILL B¢ THE CALVULATIONS LIAD._ NG TO THE

HAMIAE={AMY=AMMO) Z{XIVAC+AMY)
HACID={XIVACXACNG)/ (KIVAC+AMW)
CRC=HANINE-HACID
Cr=FarINE-CRO

C THIS SECTION wILL CALC THE PKAA UTING HS4D 7 3ON-HASSELAGCH f@UA

C  AND WRITE GUT THE VALUZ wlThk OTHIR TwPI=TAUT INFO
FKAn=Fr-alCClLITRCE/CRY Ny
WRITZ {mall) AMV PR HANTN S HALT Dy CP O CR 3K A

b FORPMAT { SXaFUeZa3IX+F5acaZ{3XaFue3)ta3(3%aF2eb)
A CONTIALE o
C TRIS ENDS The ERGGIAr B T
STOR
IND
xEND PRINT T3 nE{ORDI - N

.
-

WAND THE 34

Lo

§X.F5.3)
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C THIS SZCTION FFADS IN THZ ACID AND AMINE MOLARITIES
C XIvAC=L0.C o e _
READ(ER12) aCMOAAPMON
12 FCRMATICFLIE «LaTN)
C THIS SECTION WILL CALC Tri PKAKZ FOr THI MONO-AND DIAMI Y
0 8 d=1.n T oo s e T
C THIS STCTION READS THE VOLUME OF AMINE AND ACID<AND THE I+
CREAD(SE.cG) ANMVSeH -
24d FCEMATI2FLI-0)
C THIS SECTICHN DCES Thi CALCULATICHS LTaDING TO PraHe
AMTIRE=TAMVXAMMO) /{XIVACHATV)
" ACT D= (XIVA(ACMO) /{XIVAC+ANMVY -
CRTWO=ACID=-AMINE
(ROME=AMINE~CRT@C¢ - -
C THLIS SICTION CALC ThE PKad2 USLNG THET RZADIRSUNV-HAISELRATH 04
C AND IT wILL WRITE QLT THT VALUTZ wWITh OTHER IM2QORTANT INFD
FEKART=PH-ALUGIOCCECAT/TF T}
WRITE(bslb) AFVAP R AMIN I tACIDy CFTWINCICHELPKART
1b FORMATL EXaFBe3a3Naf5uaac{IXaF 7o)+l IXaFPeb)y GXaFla")
3 CONTIALE )
C THIS EANDS THE FROGRAF o N
STCR
ENT
«END FRINT S T3 RECORDS’ - -
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C
C

THIS PRCGRAM WAS WRITTEN APRIL\19Al. BY FRANKLIN M. RUSSEILIL.

_THE PURPQSE OF THIS PROGRAM IS TO CALCULATE THE SUCCESSIVE

FORMATICON CONSTANTS FOR COPPER (TI)-DIAMINE COMPLEXES
THIS PROGRAM IS DESIGNED FOR MAXIMUM N VALUE TWo (2).

THIS SECTION DOLS THE PRELIMINARY CALCULATIONS FOR THE BLOCK-
MCINTYRE METHOD.

N=]}

RNONE=1.0

RNTHC=E.0 ol

DO S5 J=laN

READ{5+30) BARNO+HARNT +BRACAQ«BRACAT

FORRAT (2Fb«0+2E13-b)

XKJO={RNONE~-BARNO)x{BRACAOQ)

XdQPR={RNONE-BARNTI®(BRACAT)

XdT={ RNTHO-BARNC ) *(BRACAQ2xx2)

XdTPR=(RNTWO-BARNT)#{BRACAT®xZ)

WRITE{L70)

FORMAT (20X~ " *Ex xR s XXX X XERERRANERRRRXRX N AN RARAAKE RN RN )

BRITE(L+5) BARNO+XJOXJT

FORMAT (SX4F543+2(5XJPEL2 M)}

WRITE(L+10) BAENTXJOPRaXJTPR

FORMAT [5X~FS:3+2(5X+3PELC-4))

URITE (b))
FORMAT (20X~ "SEXXEFXRXERXERANIRRERARERARRIRRARNAKKREFEREX" )

THIS SECTION WILL USE THE BJERRUM POTENTIOMETRIC MEYHOD OF FORM-

ATICN CONSTANT DETERMINATIONS

8¢
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THIS SECTION WILL DETERMINE THE TEMPORARY FORMATION CONSTANTS
FOR THE SYSTEM.
R=1.0/8BRACAO _ _
S=1.0/8RACAT
THIS SECTION WILL CALCULATE THE FIRST FORMATION CONSTANT:
_THE. TERM YKONE. . . , . .
BR=1.04{3.0%S*BRACAO)
YKONE=(Rx{1.D3/8R})
THIS SECTION WILL CALCULATE THE SECOND FORMATION CONSTANT:
THE TERM YKTHWO.
SR=(R*BRACAT)
YKThO= S»x{{3.0/SR)+)k.0) L . . L -
THIS SECTION #ILL CALCULATE THE STABILITY CONSTANT FOR THE SYSTEM.
YKTOT=YKONE*YKTWO
THIS SECTION #ILL CALCULATE THE LOG OF EACH OF THE ABOVED CONSTANTS.
SEE REFS. 2+ 7 AND 20 FOR SUPPORTIVE INFORMATION.
BKONE=ALOG10 ( YKONE)
BKTWO=ALO610 (YKTYO) o - o ;
BKTCT=ALOGLD (YKTOT)
THIS PORTION OF THE PROGRAM USES THE BLOCK~MCINTYRE METHOD OF
FORMATION CONSTANT DETERMINATION. S
SEE J- ANER. CHEM. S50C.+ 75s S5bb? (1953) FOR MORE DETAILS.
THE DATA OBTAINED FROM THIS SECTION WAS NOT USED IN THIS INVEST-

IGATION. ‘ _ Lo ) . _
XKORNE={ (BARNOXXJTPR)-{(BARNTEXJTHI/ L{(XJOXXJIJTPR) ~{ XJOPREXJT )}

6¢
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N _ _ g0ls

T "UVNI0Nd 3H1 SAN3 NOILD3S STHL
JNNTLNOD
T+N=N
{1 s *X02) 1lvilubd
(D2%9)3LTH8M

CCheTYIJE XY LVYUYO4
LOLNB ONLNG*3INONE (E*T)ILIUM
tth"2T315%X2) L1VYWN04
LOLYASORLNASINOMASS Y (291 3LI¥M

T - i © *dOoKL3M

WOANY3PE 3HL 9NISA 43ILVINDIVD VIVA 3HL LAO ANI¥d IR NOYLD3S SIHL
(Ch=TTIIEXS* (h-2T13dTIE*XT) LVRYOI
LOLADX LAdX"0AdX" 1013x*oa1xx~3~oxx i29) JLTHm
{a - o *X02) LYWy0d4
{Dh*9) 31T 4N

o '  +qOHLIW IWAINTOW

~32078 ML NI @IIVINDIVY vivd 3HL LNO INI¥d TTIM NOILZ3S SIHL
fLoL13x) OT20Tv=10134dX
OMLAXEINOXX=10LUK
(ORLAX) OTI0TIV=LdX
IILPXILNHVBl-(aleXION&VEI)/lleOPXxONEVB) ~{OrXxINYYB) }=0MmLAX
(INOAXY DTD0W=0NdX
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