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DISCLAIMER

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency 
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image 
products. Images are produced from the best available 
original document.
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ABSTRACT?

1
The methods of procedure of Calvin and Wilson for obtaining 

formation constants by potentionetric titrations have been sub­

stantiated. These methods have boon extended to uator-dioxane 

solutions containing more than 50 volume-percent of dioxane. The 

interpretation of the pH data obtained in these titrations has been 

clarified.

The effect of the ionic strength and the uator-dioxane ratio 

upon the dissociation constants of the materials present in rater- 

dioxane solutions has boon demonstrated. The dissociation constants 

of a series of beta-diketonos in 75 volume-percent dioxane solutions 

have been measured and related to iho formation constants of their 

respective copper chelate compounds.

The existence of insoluble compounds of the general formula 

K*2(Ke)2*rJ’4'1Keedioxane, where Ke is the ionized acotylacetone molecules 

has been demonstrated. This has been shown specifically for HiKe2‘NaKe* 

dioxane and ZnKe2‘NaKe*dioxane.

The instability of trifluoro-beta-diketones in the presence of

acid has been demonstrated.
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DITRODUCTIOM

PREVIOUS INVESTIGATION N/o - 7^5

In 1945 Calvin and YJilscn published a paper reporting the results 

of an investigation designed to determne the influence of structural 

factors of organic residues on their tendency to fora cholate compounds 

mth heavy netal ions® Their t/ork t/as centered largely around o-hydroxy 

ai*omtic aldehydes and included several bgta-dikotones. Caj.vin and Wilson 

employed a solvent solution consisting of fifty volume-percent of 

water and fifty volume-percent of dioxane to study the chelation ten­

dencies of the organic recid'os with the divalent copper ion. They had 

found a fortuitous situation to exist in volume-percent water-

dioxane solutions. They found that they could follow the course of a 

titration with base of acidic substances vlth a pH neter, employing a 

glass electrode and a saturated calomel olootrodo, without encountering 

any appreciable error in the hydrogen-ion concentrations so found® This 

observation of thoirs 3ms been torned fortuitous inasmuch as thero are 

unevaluaiable boundry potentials between the water solutions of the pH 

meter electrodes and the v/ator-dioxane solvent medium,
2

The assumption appears to liavo been made by Unlay and Hollor 

that tiie pH neter believes the some in water-dioxano solutions contain­

ing seventy volume-percent of dioxo.no. This has not boon found to be the 

case in experi :ents that liavo been conducted in connection with this 

thesis. (See section 2 and note 3 of this section), Uellor and I.ialey 

worked with 8-liydroxyquinoline, salicylaldeliyde, and acetylacetono. These 

materials were employed to compare tho chelating abilities of a series

of netal salts. This investigation was on extension of work done by
3

Calvin and Melchior with sodium 5“salicyla3.dehyde sulfonate in water
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soltTbions®

Recently further investigation of tho chelating tendenciec of

several tri- and divalent notale with acetylacetono and other beta-

diketones in volune-perceut wator-dionano solutions have been

carried out at the Michigan Stato College* The investigators there

have employed a now approach to the procurement and analysis of pH

measurements in this solvent mixture,
4*

Stites in his dissertation has shown several peculiarities to 

exist that are connected with precipitation and hydrolysis phenomena 

that had not been previously reported by Calvin and T/ilson or by 

Haley and Uellor, By allowing extensive periods of tine to elapse be­

tween additions of bane, Stites was able to show that plateaus would 

occur in a plot of pH vs. milliliters of base added (See graph 3 page 

34), However, when the titration was performed quickly a smooth curve 

identical to .those found by Galvin and Wilson could be obtained >.

Stites chose to interpret the titration curves he obtained in

terms of plateaus resulting from precipitation or from hydrolysis of

tho chelate compounds previously formed. Tho results he obtained by

titrating solutions of zinc, copper, and nickel in the presence of

acotylacetone will bo compared to experimental results obtained in tho
5

development of this thesis (See soction one). Hiss Brilliontes con­

firmed tho work of Stites on tho nickel and copper aeetylacetonaten0 

Therefore, her thesis is also considered in tho present discussion.)

4 .
>



PRKSEiJT INVESTIGATION

The pr.ir:ary purpoees of tide investinatior, ares (l) to find v;liat 

s-ffoct the sidegroups of a 'beta-dikotone have upon its acid disoociation 

const air!; 5 (2) to find vrhat relationship the dissociation constants of the 

heta-dikotonos have to their ability to form chelate compounds rath 

divalent copper ionj and (3) to find what effect variations in solvent 

composition and ionic strength have on these abilities<?

In order to complete the above stated primary requirements, two

preliminary investigations became necessary• First, two controversial

methods of obtaining and interpreting potentionetric titration curves

determined in \mtor~dioxane solutions have boon presented* One is that
1 4-

of Calvin and Wilson , and the r or is that of Stites The establish-”

went of which of these infcerpreNations is tho bettor constitutes the

first section of this thesis. Second, an empirical method of determin­

ing hydrogen-ion concentration in wrier--dioxane solutions in which there

is more than fifty volume-percent of dioxane present has boon developed. 

This.is■considered in tho second section of this thesis. The third 

section is a discussion of the dissociation constants found for the 

betsrdtketones under various conditions, Tho fourth section is concerned 

with the formation constants for tho copper chelate compounds*
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DESCRIPTION OF APPARATUS 
(Seo illusti'ation ong)

The titrations \fniah liavo boon perforned in the course of gathering 

tho infomation included iiorein \7oro all carried otri: in the following 

apparatus:

A 250-mi. four-nsckod flask having throe radial necks and one on 

top was employed to carry out the titrations. The flask was Immersed 

in a thermostat set at 30°+ 0.02°.

A Beckman model "G" pH meter fitted with oxtonsion electrodes was 

employed to determine the pH values in the solutions being titrated*

The saturated calomel electrode v 0 used as a reference electrode and 

either the Beckman "Type E" high. pH electrode or the Beckman (no® 290) 

plain glass electrode was used as the pH-determining electrode, Tho 

electrodes were fitted with stoppers so that tight connections could be 

made when they were inserted into two of the radial necks of the four­

necked flask. The top neck was fitted with a microburette and the re­

maining radial neck accommodated a propeller and shaft connected to a 

stirring motor. All tho titrations discussed herein were done in this 

apparatus. The materials involved in each titration and the titration 

techniques are varied and therefore are outlined for each group of 

experiments in the appropriate subsections.

MATERIALS

Metal salts?

CuGlg *21^0 Ilallinckrodi G.P

NiCl2 *6ri^0 Fisher G.P,

ZnCl2 Fisher G.P,

i
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Beta-diketonas

Acotylacetoi-:© Eastnan Kodak Company

Bonsoylacatoiis

DibenzoylEstkano

2-Thenoylacstone Robarfc Levina, TJniv, of Pittsburgh

Benzoyl-2-thenoylinethano

Beazoyl-2-furoylnathane " " "

Di-2-thenoylxaethane 

2“ThQnoyl-2-fm,oylmethane "

Beta-napthoyltrifluroacetone " ” " " "

Benzoyltrifluroacotone " ” "

Trifluroacotylacotone " " " " "

2 -Thenoy It ri f!!.uro ac at o ne

2-Furoyltriflui'oacetone

2-Pyridylacetono

4"Fyridylaceton9

2“ Pyridyl-B-tlienoylmathone

4-Pyridyl-2~th0noylmethane " ,l " " "

Hexafluroacetone dihydrata Kelvin Calvin, Univ. of California.

.' lOXAEEt Carbida and Carbon— technical grade 

Purification of dioxane-—

Technical grade dioxano ms refluxed over metallic sodiun for 

hours. The solution wan then fractionated tlrrough a 3C—plate 

i. The forei*un, up to 1010C., was carefully separated and discarded. 

\.k of the material was then allowed to diotill over and was used 

a solvent for the titrations without further treatment.



The bota-dikotones recoi'/od from the University of Pittsburgh vere 

prepared by Martin T7. Fairer and James K« Sneed morking under the direc­

tion of Dr. Robert Levine. Tho methods followed for their synthesis
14-

uare essentially those of Reid and Calvin and are outlined in the report 

"Studies on the Zirconium Derivatives of Beta-diketonos"«
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The follot-jing symbols vrill "bo used throughout this thesiss

STmllOl Significance

KeH The concentration of chelating agent

Ke" The concentration of ionised chelating agent

H The concentration of hydrogen ion

CuKs+ The concentration of copper monochelate

CuKeg The concentration of copper dichelato

The "apparent" dissociation constant of tho 
chelating agent

% The first formation constant of the chelate 
compound

.
*2 The second formation constant of the chelate 

compound

•

K(av) Tho average formation constant of the chelate 
compound

>
PH The negative log, of the hydrogen ion concentration

u
pKe" The negative log of Ke"

V
-f pKd The negative log, of Kg

TKeH The total concentration of chelating agent 
(combined and uncombinod)

.
TGu-1-+ The total concentration of Cu** (combined and 

uncombined)

n The average number of chelating egont molecules 
coordinated to a metal ion

tll+] Tho "apparent" hydrogen ion activity as measured 
by the pH meter

V A defined function, U^+ = [H+]/H+ (see section 2)

* .

' quantities when they are employed in ohomcal equations*
v •

■p - A3



Gonorali

AH EVALUATION 0? TITRATION ISTHC'Df

/ -

This section is devoted primarily to resolving tho differoncas in
i

tho interpretation of the data obtained by Calvin and Wilson and

those obtained by Stites concerning the curves far pH vs. sl» bas©

added derived by titrating coyer in the presence of acetylacetono

in a solvent medium consisting of 50 volume-percent water and 50 volume”

percent dioxane. The phenomena encountered by Stites in his disserta-
5

tion and by Kiss Brilliontes in her thesis in regards to the titration

of nickel in the presence of acetylacetono are also explained*

Calvin and Wilson successfully calculated tho formation constants

for several copper dichelates by means of an adaptation of the proce- 
6

dures of Bjerrun. The calculations employed by them are outlined in 

part two of this'section.

Stites felt that the titration curves obtained by Calvin and Wilson 

were unreliable inasmuch as they apparently were not equilibrium 

measurements. In repeating their copper acetylacetono titration, Stites 

ms able to show that certain plateaus in this curve and others would 

become evident provided long tire intervals were allowed between addi­

tions of base, lie chose, in the copper acetylacetone formation titra­

tion to designate the first such plateau (pH 2*7) as the precipitation 

plateau and tho second plateau (pH 6.7) as the hydrolysis (CuKe2 + ^-T 

> GuKe(0Il5 + Ke”) plateau. Stites also obtained a plateau after the 

second chelation in the titrations of acetylacetone in the presence of 

the divalent nickel raid sine ions. These plateaus wore also designated 

by him as hydrolysis plateaus.



Tho fundamental errors occurring in the t?orb and assumptions of
I
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/ *
evidence in support of the methods employed "by Calvin and Wilson nill 

constitute the major portion of this section. The effect of the erron­

eous assumption made by Iialey and I’ollor will be discussed in note 4 of 

this section.

Titration procedures

The basic procedure is as follows: Fifty milliliters of dioxane 

and fifty milliliters of water are combined to act as a solvent medium 

for a copper salt (CuCl2*2H20) and acotylacetone. The copper salt, the 

acetylacetone and tho metal chelate product are all soluble in the 

mixture. The solution is then titrated with an approximately one-normal 

solution of sodium hydroxide and the resulting changes in pH are follow* 

ed by means of a pH meter.

The increments of base added and the time allowed between additions 

are variable in the experi:'.ents outlined in this thesis. In general, 

small increments of base v/ere added in the course of the titrations 

whore stochionetry was to be observed and larger increments '.here the 

specific pH values measured were of secondary importance. The time 

allotted between adding increments of base range from a few seconds to 

several hours as dictated by the attainment of equilibrium as indi­

cated by a steady reading of the pH meter.

I

T *

/ *
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report o t!:at for v.: -Mt rat ion of a solution consisting 

of 50 si* of dioxane, 50 mlo of t;ater, 2 x lO"^ noles of cupric chloride 

and 8 x 10"'r* soles of acetyl ac or, on© (see graph 3) there are t^o plateaus 

in v:.is pH curve® Tho first plateau ■cus located at a pH of 2*7 and the 

second at a pH of 6.7* The first of these plateaus to he considered 

will ho that one v/hich occurs at pH 6»7»

If one adds 2 x 1C~3 noles of copper chloride to the mster-dioxane
\
solution, tho solution ex'ilbit3 a pH of about 4.0. If tho acetylacetone 

is added alone, tho pH of the solution is approxir:atcly 5«5« However, 

when both are added to the sene solution, the pH of the solution is 

found to be 1.8?.

The number of hydrogen ions which axe released in the chelating 

process is a measure of the amount of chelation that has occurreds 

[i.o., KKe + Cu** •——-■>• H+ + CuKe+l* VTlien sufficient base lias been 

added to complete chelation, there will be a sharp rise in the pH curve® 

For 2 x 10"3 nolo coppor this should require 4 x 10equivalents of 

bass (see graph 3)® At this point there should be 4 x lO”-5 mole acetyl­

acetone left in solution and tbrrofore an additional 4 x 10”0 mole of 

base should be required to titrate it. It may bo observed (graph 1 

page 32) that, when Eastman Kodak Acetylacetone of recant purchase is 

used, tho sharp rise is in agreement with the calculated end of 

chelation. Approximately 4 x 1C~3 moles of acotylacetone must be 

accounted for from this point to the end of tho acotylacetone titration 

(allowing for transfer end evaporation losses). Stites curve was 

plotted (graph 3) on tho basis of an equal number of moles of NaOH 

added, starting from the point where both solutions are at the same 

pH. The data as plotted by Stites, start at a slightly lower pH but 

tlie base added to arrive at the starting point of this graph can be

P"£ y



discounted as it, in effect, :1s only neutralising encess acid that nas 

added by Stites* At the sar» pH, the degree of chelation for either 

titration is essentially the same*

Stites considers the end of tho plateau at pH - 2*7 to represent 

the end of chelation* This is also in agreement ■with tho calculated 

end point. Over the next 4 x 10“3 equivalents of base added, all three 

curves represented on graph 3 indicate that the excess chelating agent 

has boon completely titrated. One should conclude then that any pho-- 

nomenon observed in this area is a peculiarity of the chelating agent 

used* The curve obtained using acetylacetone purchased from Carbide 

and Carbon illustrates this. It \ms found upon titrating the Carbide 

and Carbon product that a dip ending' at the same pH as that of Stites’ 

plateau, pH = 6*7? tos obtained, titrating the acetylacetone by itself 

the same phenomenon was observed (see graph 2). The dip terminating at 

approximately pH 7 proved to be due to acetic acid possibly present 

in the acetylacetone as acetic anhydride since it is used in the process

of acetylacetone manufacture* The boiling points are 139°C. (746 ran*)
7

for acetylacetone and 139*6°C« for acetic anhydride.

Separation of these materials by fractionation was attempted trith 

a twelve plate column* The best fraction obtained at a constant ther­

mometer reading still showed acetic acid to be present when titrated 

with base (see graph 2)* Purification of this acetylacetone was carried 

no further as in the meantime it had been found that Eastman Kodak 

acetylacetone ms of a satisfactory degree of purity (see graph l), 

Stites reports that ho used, "freshly distilled acetylacetone" purchased 

from the Eastman Kodak Company. If this acetylacetone was not of a 

purity comparable to that recently produced by Eastman Kodak a dis­

crepancy similar to that found in the titration of fractionated

12 <

p'b'y' ^
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Carbido and Carbon acetylacetono night veil result. There is also 

a very strong possibility that the long periods of time that Stites 

aliened his solutions to stand at low pH values resulted in the 

hydrolysis of part of the acetylacetono present to acetic acid.

To check for the presence of impurities, Stites' data for his 

acotylacetone titration were plotted on the basic of equal, numbers 

of moles of sodium hydroxide added along with a titration curve 

obtained by titrating recently purchased Eastman Kodak acotylacetone®

T’ne divergence of the two curves is evident. The slope of Stites' 

curve is comparable to that for the Carbide and Carbon fraction and the 

few points plotted can well mask the acetic acid dip. As little as 

0.02 ml. of one-normal baso is enough to change the pH from 3 to 7 

when uncontaminated acetylacetone is used.

The failure of Stites to take the possibility of the hydrolysis 

of the chelating agent into consideration is especially evident in 

his trifluro-beta-diketono titrations. To determine the dissociation 

constants of trifluroacotylacetone and thenoyltrifluroacetone, he 

titrated 0o924 gm. (6 x 10moles) of tho former and 0»44 gm. (2 x 10” 

moles) of the latter with 1.0672-N. NaOH. It is obvious that approxi­

mately 6 ml. of base are required to titrate the trifluroacotylacetone 

and 2 ml. of base are required to titrate the thonoyltrifluroacetone. 

However, Si3.tes shows a plateau equal to 3*5 £il» of base in tho first 

case and equal to 1.0 ml. of base in the second—iho remainders had 

been titrated 3 to 4 pH units ,lower. Stites had acidified these SO” 

lutions before titrating. This probably resulted in hydrolysis pro­

ducing irifluroacetic acid, a strong acid, which will titrate at the 

lower pH. It should be noted also that Calvin and Wilson, who also 

worked with trifluro-bpta-diketonos made no mention of hydrolysis®
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Stites attributed the plateau pH 6#7 in his titration of copper

in the presence of acotylacetone (graph 3) to the hydrolysis of tho

copper dichelato to yield copper nonocholata hydroxide. This is very
5

interesting in view of tho fact (Sidgwick ) that all previous invest!" 

gation has shown only tho dichelates to exist. To chock this an attempt 

to prepare the hydrolysed product was nade.

If Cu(acae)OH is a precipitable product in the media employed it , 

was reasoned that titrating a solution of 2 x 10'“I moles of coppor 

chloride and 2 x 10~3 moles of acetylacetone with sodium hydroxide 

would allow this precipitate to form (see graph yA & table 8A- solution 

A). Three titrations were made. Titration A contained 2 x 10™^ 

noles CuCl2 plus 2 x lO'"^ moles acetylacetone. Baso equivalent to one-half of 

the copper ion present was added to the break in the curve representing

the completion of the first chelation, Cu++ + Ke" __CuKe+. The rest

of the curve corresmnds to 1.5 x 10~-^ equivalents. of base 3/4 of that 

v/hich would be expected to form Gu(acac)0H»

A similar cur-/Q v/as obtained for a solution containing 2 x 10”^ 

moles bensoylacetone plus 2 x 10”3 rnoles CuCl2 (graph 5C « table OA, solution 

C). However, it was noted that in titration (A), at the previously men­

tioned break in the pH curve, a pale white cloudy precipitate formed* The 

same white precipitate coprecipitatod in the case of benzoylacetone, 

along with a green crystalline precipitate identifiable as the coppor 

dichelato. A third titration was made using 2 x 10“-" moles CuCl2 with 

sufficient HC1 to get a starting pH of 2.00 (graph 5B & table 8A, solu­

tion B). The plateau in this run proved to be equivalent to 3 x 10”3 

moles of NaOH and the same pale white cloudy precipitate formed.

This again showed that 3 equivalents of base precipitate 4 equivalents 

of copper. This result is simply explained by identifying the pale
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mil form noro readily than Oa(OH)2 at this pH (Nasanen and Tamminsn )

Calculations mil show (see note 4 section one) that copper acetyl- 

acetonate is soluble to tho extent of 1 x 10”~ noles in this solution* 

Observing the end products of the titrations (A) and (C) shows that the 

supernatant liquid above (A) is deep blue. This color indicates that 

the Cu(acac)2 is in solution while Cu(0H}itjij Cl0e^ alone has precipi­

tated. The supernatant liquid above (C) is quite clear but a mixed 

precipitation of Cu(0H)laj G3-o«5 351(5 Cu(bsac)2 has occurred, (see note 

2 at end of this section)

The evidence thus far shown cannot bo reconciled with Stites' 

claim that Cu(acac)CH is formed by hydrolysis. Further, if this 

hydrolysis did occur additional bass would be used up (see graph 3) 

in Stiterf titration to tho limiting extent of 2 x 10**^ equivalent®

This does not appear to be the case even on Stites' curve.

The contention that the hydrolysis of a cholate compound below 

the pH level at which the excess chelating agent titrates will result 

in a plateau in the pH curve is fundamentally unsound. This is readily 

shown to be the case as follows:

Consider the relationship:

Ke" x H* = K. (dissociation constant)
KeH

In a titration, for example, which originally contained 1 x 10"*

moles of divalent metal ion (M+l"), and 4 x 10 ^ moles of acetylacetone

which had been carried forward to ’.There 1 x 10”^ noles HKe2 and 2 x 10“3

noles KeH were present in solution at pH = 6.

The moles of Ke" at this point would be,

Ke' = 2 x 10-10 x —--7— = 4 x 10~7. An addition of 4 x 10’?
10“6

noles of HaOK at this point, provided all of it reacted with the di™

f-Ly-w



chelate present to cause hydrolysis, MKeg * OH —^ M(pH)Ke + Ke , ,

^uld cause the appearance of 4 x 10“5 noies 0f Ke“®

The resulting solution would contain 4 x 20”^ ooles'o? Kg"*, euid

2 x 10"3, moles of KeH inasmuch'’ as' all the NaOH reacted to cause hydrolysis*

Then, Ke~ x H~i~ = 2 x ,^10 = 4 x 10~%

KeH 2 x 10“3

16

H = 4 x lO**1^ = .t cr8 
4 x 10”5

pH = 8

From the above it is evident that any hydrolysis occurring below 

the level of titration of the molecular chelating agent present will 

result in a rapid rise in pH* If only part of tho added base caused 

hydrolysis, the rest would ionizo part of the excess chelating agent 

resulting in the same vertical pH rise* This simple equilibrium 

constant shows that the plateaus described by Stites cannot be due 

to hydrolysis as he proposes*

Returning to the equilibrium equation

Ke“ x H*
Kerf ~ ‘‘d

we find that a possible source of pH plateaus could lie in the removal 

of Ke". A 90^ removal of Ke" present could cause a pH drop of 1-pH 

unit. This is essentially what happens when nickel or nine replaces 

copper in a chelation titration with acotylacetone. (graph 10A & R, and 

tables ?A). In graph 10A a pH drop of 1*5 units is observed. In this 

case the Ko~ must have been reduced to 1/30 of its former value. There 

is no sharp rise again in the pH curve until a third equivalent of Ke“ 

has been ionized. This shows that the additional Ke" ionized was 

largely removed from solution as it formed.

In graph 10B, the moles of Ko" = 1.2 x 10“3 before precipitation. 

The pH drop of O.56 pH units 2.ndicates the concentration of Ke” has 

been reduced to 1/3*6 of the former amount or approximately to



0.3 x 10~3 nolos. Thus (1.2 - 0.3) x 10' or 0.9 x 10"^ noles of 

chelating agent ions have left the solution (10A) „ This along vrith 

graph 10A indicates that 3 noles of Ko” leave the solution per one 

mole of Ni"K >, To check this the precipitate in run 10B ■was filtered 

off and the filtrate acid5.fied to pH *- 3*1 and retitrated, '"his 

titration showed a mximtm of 1 x 10”-5 moles of unassociated KeFI to 

be present, confirming tho above evidence that 3 KeH = 1 Ni in this

Tli© above evidence strongly suggests that a compound consisting 

of the double salt NaKe*111X62 *^4-%02 is precipitated.

It is proposed that a salt in which only two chelate groups are 

directly, coordinated by the motal ion is precipitated for the follow'" 

ing reason?

The dissociation of the third precipitated acetylacetonat© molecule 

of Ke" and H* is not influenced by the nickel ion present in solution. 

Tills is inferred inasmuch as the curves (A and B) show that prior to 

precipitation the KeH titration follows that of acotylacetone when 

titrated alone. Note that a granular precipitate is formed, quite un­

like the waxy crystals of Cu(acac)2.

The above described phenomena also occur when tho metal ion is 

zinc. The description of the resulting curves for zinc would be entire­

ly analogous.
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Miss Bx'illiantea was able to reproduce the titration curves 

obtained by Stites in the cases for copper acetylaeetonate am! nickel

titrations perforned by Stites as well as by her can be gained from her 

discussion of her titration procedures®

Point of interests

(1) Miss Brilliantes assumed that tho information presented by 

StiteS was correct*

(2) Thereforej stating, "Equilibrium is said to have been reached 

when the addition of more sodium hydroxide did not show a change in

pH on the curve plotted for pH vs. added sodium hydroxide, a plateau 

was observed for this*"

(3) Further, "Evaporation took placo during tho tine necessary 

for a titration. A ten percent loss of solution was noted in approxi­

mately twenty-four hours*"

Curve A of graph 10 was determined for the same set of materials 

as Miss Brilliantes* "fast" nickel acetylacetone titration® She refers 

to the pH drop she encountered in hor titration as a "hump" that is 

of unknown origin—possibly occurring as a consequence of not obtain­

ing equilibrium prior to that point. The text referring to graph 10 

adequately shows that the "hump" is a result of supersaturation and 

consequent precipitation of a NiKc2 *HaKe compound. Further, the above 

points (2) and (3) explain the vagaries of Stites5 and Miss Brilliontes' 

titration curves. Precipitation is of course dependent upon 

the temperature and tho constitution of the solvent. If one waits 

long enough at any point while titrating a saturated solution 

of metal dichelate that has not been maintained at a constant temp-



addi'o do rial precipi“erature and protected from ©Vapoatatiou losses, 

tation is bound to cccuro This v/ill also be sho-wn, in tho next 

subsection, to lead to falling pH values for the dichelate and hence, 

by proper choice of tins intervals, to any desired pH curve0

The Fhenonsna Occurring at the Crystallisation 

Point in Coppor-acetylacetono

Chelation Titrations 
(Seo graphs 3 & 4 and table 1A)

The copper-acotylacetone titration discussed by Stites v/as re- 

peated using the scan© amounts of water and dioxane, (50 ml, of each), 

and the same concentrations of copper ion (0.02 molar) sand acetyl" 

acetone (0,08 molar). A suggestion of Stitec' precipitation plateau 

too obtained (See graph 4). The pH drop observed can bo shewn to 

be a predictable phenomenon end will be accounted for in the following 

calculations*

First, the calculation methods will be outlined* They are based
6

upon the methods of Bjerrum*

Stated simply, for a solution consisting of $0 ml* H20 and 50 ml*

dioxane, the pH of the solution containing copper chloride alone or

acetylacetone alone is close to 4,0 and 5*5 respectively, but when

they are added to the same solution the pH falls to 1*87. This indicate

the formation of i®36 x 10"^ moles of hydrogen ion by the mechanism
\

Cu“'~ + KeH —CuKe* + K+. The hydrogen ion concentration is, there" 

fore, a measure of the amount of cholate formed before base is added. 

Upon the addition of base, the hydrogen ion concentration is reduced so 

that additional chelation can occur: i.e*

OH” + H+ HgO followed by Cu++ + KeH CuKe+ H+,

It can be seen that the moles of NaOH added, Na+, plus the moles



of protons present are equivalent to the amount of chelation that 

has occurred. This value divided by the total amount of copper atoms

20

in solution gives a value for (a), which is the average number of chelate 

groups attached per copper atom®

valent and the amount of base that has been added. The value l/Ke" is 

now solved for and the log of this function plotted as an absicca against 

(n) as an ordinate (See. graph 6 and table 2A). Note that the above 

statements only apply when pK^ is much larger than the pH at which 

chelation io occurring. See note 6 of this section for the mathematical 

development *

In these calculations; the activities of all species in the solution 

are assumed to be equal to their concentrations. This is to say that 

the constants solved for are concentration constants and admitiediy 

somewhat in error. However, the values so obtained can be considered 

to be fairly accurate and quite adequate for comparison work®

The values of pKe“ (see graph 6) where n equals 1«50» 1.00, .and 

0.50 are, respectively, the values of K2, K average, and K, for the 

formation constants. At 55 = 1*50 on graph 6 a distinct break is observ­

ed in the chelate formation curve. This break corresponds to the 

crystallization point (see graph 4, ml. NaOH = 2«25). The crystal­

lization of material out of solution in this case is associated with a 

drop in pH. This behavior can be explained by a few simple calculations.
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First, assuiae that upon the L.ddition of base to the solution, the 

predominate reactions will be the most rapid ones. These are

(1) H* + OH” H20 end

(2) KeH + OIF —v H20 + Ke“ follovred by 

OuKo’^ (or Cu'J'+5 + Ko~ —^ 0uKe2 (or Cults’").

Those reactions appear to be quick and complete vdthin a few seconds 

of stirring time. Let us consider the point ml, of NaOH = 2*25 (the* 

crystallisation point). The following •values apply at this point:

The volume of the solution equals 103*2 ml.

■ he pH of the solution equals 3»H»

The hydrogen iop concentration in the solution equals 0.000730 

The moles of hydrogen ion present in solution equals 0.00073 x 

fooo^ = 0.000081, and n = 1.4-85 (Table 2 A)

The n value equals 1.485*

Now if one allows sufficient time for crystal growth from the

supersaturated solution present, a pH drop to 3*00 will bo observed*

(After crystallisation, then the following values apply*) The hydrogen

ion concentration equals 0.00100 and the moles of hydrogen ion present

in solution equals 0.00100 x ——= 0,000103. Subtracting the moles
1000

of hydrogen ion present before crystallization from the moles present 

after crystallization (0*000103 - 0.000081 = 0.000022) we find 0.000022 

moles of protons have appeared. To explain this mathematically wo must 

derive the appropriate relationships first. Keeping in mind that 

the formation constants being solved for are concentration con­

stants, we must recognize that after crystallizatd-on has occurred,
Ma+ ||+

the simple formula for n, ft = no longer holds —
iCu++

n being concerned with the average number of acetylacetone molecules 

chelated per atom of copper in solution. However, the relationship

^ 'hi'^'~y (p
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21 Na* + H+- 2a

TCu++- a
, where a - njoles of copper acetylacetone precipitated,

should hold*

The values for n my he in error for the points taken after crystal” 

lization but the absicca values of pKe” are pH dependent alone and there­

fore are accurate. Assuming that the line found (see graph 6) for the 

chelate formation curve while all the material was still in solution 

(tJiis will be called the solution curve) is correct, we can drop dovsi 

from the n value on the curve measured after crystallization (the 

crystallization curve) to the some pKe~ value on the solution curve 

and find the n value for the material in solution. These two E values 

enable us to calculate the theoretical amount of precipitate formed*)

On the crystallization curve n = 1*50 and dropping down, we find 

n - 1.43 in the solution. The value of ST on the crystallization curve 

is a measure of the average number of acetylacetone molecuD.es chelated 

per copper atom including those in the precipitate as well as those in 

the solution. Hence, as the number of moles of coppor originally add­

ed equals 2 x 10"^ moles and Na* + Hr = TKo (the total amount of 

acetylacetone chelated);

= B (in solution) =

solving = 1.432 x 10“i-a 0

3 -x i0“3“ 2a =- 2.86 x 10“3 - 1.43; 0.14 x 10“3 = 0.5?a

wo find a = 0.246 x 10”3 moles of precipitate predicted. This is the 

amount of precipitate that would be expected to separate at the crystal- 

lization point. An obvious equilibrium may now be set up. Assuming 

that Cui.ac8.0)2 -i- H* Gu(acac)+ + KoH

\!0 <.y v.-rite a constant = Ka
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Ac the crystallization occurring influences only slightly the concen­

trations of acotylacetono and water present, these two values can be 

assumed to be constant and ■m have the relationship*
Case I -----__+-. = CuCacaefn_____ _ Case II
before Cu(acac)21 x Hj CuCacac^-j-j x HfT" after crystal-
crystallization 11 lization

Case I

Before precipitation; n = 1.485, pH = 3«H 
let d - the concentration of CuKog 
and b = the concentration of CuKe

then d + b = 2 x 10“3 1000 
‘ 103 = the total copper concentration, and

2d + h _ total c2.eIat.od acetylacetone 
d + b ~ total copper

ing d = 2 x 10”3 x 1000 * • jloj b 3-nt0 2d + b
d -i- b

= 5T (solut2.on) = 1.485 substitut- 

= 1.435; b = 1,485

and solving, b = 1.00 x 10"2 = Cu(acac)2

and d = 0#94 x 10~'! = Cu(acac)h V/e ad.oo know the pH is 3»H

and thorefore the hydrogen ion concentration is 0,000776.

Case II

After precipitation, n for the solution has been shown to bo 1.43

Solving as above.

™24~L~“ =3.43 d + b = (2 - 0.246) x 10**^ x 1000
103

Note that here the total copper concentration is diminished by the amount 

of precipitate 0.246 x 10"3 moles.

2(1.7^4/103) b _ solving b - O.OO98 = Cu(acac)2

d = 0.0072 = Gu(acac)

now solving for the hydrogen ion concentration after precipitation

. 3— Cu(acac>V x Cu(acac)2TT
xi Cu(acac)2 j x Cu(acac/tT Hj+
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*

j

, 1 . , = -2: tP.?, .IP.. 2. JL.Q.*-Z2..x.„3:2------- ----- --- = 1.001 X 10**3
Hjj 0.94 X 10”2 X 0.98 X 10“2X 7.76 x io"4-

log = log 1 x 10-3 = 2#oO

Tlie pH has been calculated to bo 3.00. This checks vrith the pH 

measured by the pH motor at the end of precipitation for this point.

It can therefore bo assumed that the solution vras supersaturated vrith 

all the components effectively in solution just prior to precipitation* 

The equilibrium constant} K , for the previous equation leads toxL
the equation for K2» v/hich is the socond chelation constant. Hero*

1 CuKe+ „ .... . . „ CuKe*
"Ke " CuKcT" * ^2 E0 6y assuming values for vrQ can

2

solve for the values of n and pKe”. (See table 5)

This also can be done for K- which is the first cholation constant< 

1Here Ke" * iq (See table 5A)

The entire chelate formation curve, therefore, can be found by extra­

polating the experimental points found while all the material is in 

solution to find and K2 and then solving for the remaining points 

of the curve (See graph 7). The points thus found lying above n = 1.5 

and below n = 0.5 for the calculated curves should give values comparable 

to those that would be found experimentally. This is seen in the close­

ness with which a solution 1 x 10”2 U in CuCl2 and 4 x 10“2 M in acetyl- 

acetone duplicates the calculated curve (3ee graph 8 and tables 3A 

and 4A).

From the foregoing it appears that the best data obtainable for • 

comparison of the formation constants can be obtained by titrating at 

a normal rate allowing 10 to 20 seconds between additions of base#

p 4 r' yCt
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The farther the titration can be carried into the supersaturated region 

of the curve without the occurrence of crystallization, the better the 

results will be. It is only while all the materiel is still in solu­

tion that the values for the chelate formation curve can be calculated 

with accuracy and, since the equilibria with v/hich we are concerned 

are rapid, no error will be encountered by not waiting for crystal­

lization to occur. However, once crystallization has begun care must be 

taken to allow sufficient time for its completion or else to look only 

for stochiometric relationships beyond that point. After crystalliza­

tion occurs, points may be taken when no further change is shown by the 

pH meter. This will take about 2 hours per addition of base# It should 

be e:tpoctod that, inasmuch as the amount of precipitation formed can be 

calculated from the crystallization curve n values and the correspond­

ing solution n values, by weighing the fractional precipitates that the 

proper solution ft values may bo determined. This was done for a titra­

tion duplicating that of graph 4 (See table 6A).

For accurate work the true concentration of hydrogen ions must be 

known inasmuch as this will have a large effect on the calculations.

An estimate of the "apparent" hydrogen ion activity function (U^ =• 

l/l.l) has been employed inasmuch as calibration has shown this is a 

probable value (See table 2 and graph 9)® It is expected that a proper 

determination of UH will enable satisfactory calculations of chelate 

formation curves to be'made by this method for materials that precipi­

tate due to oversaturation. Solubility data for varying pH values can 

also be gained this way (See note 4 of this section)»
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Conclusions

The treatment of this section has been designed to accentuate the

following facts*

(1) Tlie rules of stocliiornetry should be carefully observed in 

titrating any solution* ‘Where the stochiometry is not obvious-, special 

means must be employed to establish it* This may involve increasing 

the concentration of reactants or special means of analysis®

(2) Carefully controlled conditions must be maintained in regards 

to temperature and evaporation*

(3) The formation curves, in agreement with those obtained by 

Bjerrum, are regular approaching definite integral values asympto­

tically for mononeucleate chelate compounds* It has been shown experi­

mentally that the formation curves are linear over those parts of the 

curves that lie between the midpoints of the first and the last 

chelations in those cases in which the successive formation constants 

are not greatly different. This statement is made in a general way to 

indicate that irregularities in the above described pattern are more 

apt to be the fault of the experimentor than a consequence of the 

reactions involved*

(4) In those chelation titrations in which precipitation is 

possible, correct data for the formation-constant curves can be gather­

ed as long as all the materials involved are in solution — including a

state of supersaturation«

(5) The.method of titration of a solution should be a matter of 

.judgment and observation rather than following any set pattern,

(6) The interpretation of phenomena occurring in the course of
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a chelation titration should be mathematically substantiated or &lse 

considered to be questionable•

(?) With a reservation concerning the hydrolysis of triflu.ro- 

beta-dikotones the methods of Calvin and Wilson have been substantiated, 

(8) Investigators in the field have largely assumed that the addi­

tion of excess acid is an important step in the titration procedures*

It should bo noted that in those cases v/here chelation has not proceeded 

beyond n = 0„5 the addition of acid can result in confusion rather than 

being helpful* This is especially the case when the dioxane is present

in amounts larger than 50 volume-percent (See section 2)*

(9} Structure studies are possible by these titration methods. 

For example, the double salt FiCacac^*Na(acac) is indicated to be 

held together by lattice forces by these methods. Enolization rate 

studies can also be measured with the pH meter by these methods*
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(l) The chelation nochanism proposed by Stites:

Stites proposed the follovang cholation mechanism

0 yC CC“0/ Vc M+Vs —*> OC^^C-C 0H7 0-0/ \~C
I ! ^ x ^— II L li !
0% /0 

H
0 OH
%

,i+
ixy

> 2

6“

G-C N^-C
K p
\

on the grounds that "viien a chelating agent such as acotylacetone-- 

etc* is added oven to a very acid solution of copper salt there is 

a deopening of the blue color which is assumed to bo duo to coordina™ 

tion'i.

The following calculations show that this evidence is not suf­

ficient to support his contention.

l/Ke” = (Cu'H'/CuKe+)K1; also l/Ke" = H+/(KoH x K^)

Therefore

H'+ _ Cti++
GuKe^’ K,/Kd*KQH

Ki 3 3*55 x 109 Therefor©

1% = 2 x ICT10 H+ = x z 10”2

KoH = 8 x 10"2

for a 10 N HC1 solution - 175; CuKe^is 4.6 x 10”^ molar

for a 1.0 N HOI solution -J—z- = 17*5 CuKe4 is 4,3 x 10"4 molar
GuKe^

sufficient chelation occurs in strong acid solution to color the solution0

(2) Plateau variance in one-half cholation titrationsi

For the ono-half chelation titrations discussed in the text 

(See graph 5 and tables 8) the following reactions occur. To the break 

in the curvej

Cxi** + Kell + OH" —7- GuKe+ + 1^0

j> '(pis



29

Beyond this point 5

2CuK#+ 1.5 Oir + 0.5 Cl” —^ CuKo2+Cu(OI-l)1<i5 Cl0#5

A pH piso occurs proportional to the solubility of the dichelate, due 

to the equilibriums

CuK@2 * 1^' ^ GuKo+ -s- KeK

Since the aoetylacetone chelate compound is more soluble, it causes a

greater pH rise*

(3) Haley and lie1lor have failed to consider an apparent hydrogen 

ion concentration function (See section 2) in their chelate compound 

formation curve calculations. This is evident from the shape of the 

curves they have published. Their curves calculated from low pK data 

tail downward at low n values instead of approaching a horizontal line 

at n --- 0.00 asymptotically. Uy* should be approximately equal to two 

for their data.

(4) A calculation of the solubility of Cu(acac)2 at the

crystallization point for the chelation titration discussed in the 

text. Here ?? = 1.43 for the solution where 1*754 s 10“" moles of 

copper in various forms are still in solution. It can be assumed that 

the first chelation is complete and therefore (0.43/1.43) x 1.754 x 

icr:> ~ 0*528 :c 10*"3 moles of CuKe2 arQ present and (1.00/1.43) x 1*754 x 

10 - 1*228 moles CuKe are present in solution. By employing the

crystallization curve and the calculated K2 curve of graph 9, the 

solubility of Cu(acac)2 can be calculated for any pH in the same manner.



30

(6) IJatlioroatical devolopment of the equations used in calcu” 

laiing the chelate formation curves (Ref. to Calvin and Uilson). 

Assume that chelation is a two-step process 

K* = CuKeV0^ x Ke”

Ka = CuKe2/CuK3+ x Ke"

7/e can calculate the successive constants from the knowledge of n 

the average number of ionised chelating agent molecules (Ke“) bound 

to Cu’'.

The total bound ketone is calculated from the equations

(1) TCu++ = Cu++ + CuKe+ CuKe2

(2) TKoH = KoH + Ke” + Culte+ + 2CuKe2

(3) CuKq+ + 2Cu** + Ma+ + H<_ = Cl” + OH” + Ke”

(4) Kd = H+ x Ke"/KeH

(5) Cl“ = A + 2TCu++ A = acid originally added®

Results The total bound ketone

CuKe+2CuKe2 = Na+ - A + H+ - ^ ^ (TKqH + A - Na-5' * H+ p)

= Na"!' ” A + vixen Kd is small compared to H*

j- = CuKe-'' * 2CuKe?
^Gu**

at il - 0,5 log % is equal to pKo” 

as Gulfed = Cu'T+

at n - 1,5 log K2 is equal to pKe”

as CuKe2 “ GuKe

H+ x Ke’ iron Ka = -^s-

pKe” is equal to the log of H''
Kd x KeH 

ii' is measured by the pH motor
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KeH Is lenov/n by measuring the amount originally added, and 

is taken to be the "apparent" dissociation constant of the chelating 

agent4 This is determined from the pH value at the midpoint of the 

titration of the excess chelating agent in solution.

Here

Kd = H* x Ko“/KeH = H+

.

>'2lo
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Section Tep

An Empirical Method For The Determination of 
Hydrogen Ion Concentration in vJater-dioxane Solutions
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Generalz
i

Calvin and Wilson recommended the use of a solvent solution con™ 

sisting of 50 volume-percent dioxane and 50 volume-percent water»

They load found, upon exploring this medium that the glass electrode 

vs. the saturated calomel electrode gave approximately the correct pH 

readings. Their observations have been substantiated in these experi­

ments. However, inasmuch as many of the beta-dikotones under considera­

tion are not soluble in a 5G-50 water-dioxane mixture it has been found 

necessary to increase the proportion of dioxane. For purposes of con­

venience the now dioxans-water ratio of 75 volume-percent dioxane to 

25 volume-percent water was selected* .

The performance of the glass electrode vs. the saturated calomel 

electrode was checked for the new ratio of dioxane to water. The re­

sults indicated that corrections to the readings indicated by the pH 

meter were necessary. The following discussion will concern the deri­

vation of these corrections. Note that references to the pH readings 

as measured by the glass electrode will be taken to mean the pH read­

ing indicated on the dial of the pH meter when a pH measurement is mad© 

on the given solution and nothing more<>

In the following discussion a series of experiments followed by 

the conclusions that may be drawn from them will bo described.

Experiment A (See graph 11A and table 1B)-

The pH readings of a series of solutions, all of which wore 0.022 

molar in HC1 but varied in the ratio of dioxane to water from sere to

it dioxane wore measured. The activ: /> /
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j

hydrogen ions present in each solution, os indicated by the pH meter, 

v/ae divided by tho knovm acid strength to derive a series of values 

■which trill bo called the hydrogen-ion function and given the symbol tw<-.

The U^+ values so derived are values greater than one for solutions 

containing less than 45 volume-percent of water. The main curve shown 

on graph 1XA. indicates the values of Ug+ only for that set of conditions 

under which these values were found. The short line above the main 

curve approximates the LV> values that wore found for solutions that 

contained the sane water-dioxane ratios and were of an ionic strength 

comparable to that occurring in the cholation titrations discussed in 

section three. The line below the main curve was obtained for the same 

acid concentration as the main curve but in this case the solutions

were also 0»0i molar in BaGl?.^ <

Experiment B (See table 3B and graph 11C)-

The pH values of a series of water-dioxane solutions, all of which 

contained 28 volume-percent water but varying amounts of electrolyte 

(all monovalent ions), were measured. The electrolyte for curve B was 

entirely HOI vMle that for curve A was 11,3 nole percent IICl and 08.7 

mole percent Nad,

Curve B shows that U-j* is a function of tho concentration of the 

HC1 present for a given dioxane-water ratio ®

Curve A extends the observation drawn from curve B to show that 

%+ is a function of ionic strength and also that for a solution in 

which tho ionic strength is larger than 0.02 and where the hydrogen ion 

accounts for a relatively small part of the total ionic strength that 

Ujj+ is nearly constant#

1
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Exnerinent G (See graph 11B and table 2B)-

?o check the last observation of exporinent B and to determine 

U|pi- for the chelation titrations of section 3$ the pH values of a 

series of solutions containing 75 volume-percent of dioxane and having 

a constant ionic strength were measured, Tho ionic strengths of the 

solutions were the some as those which exist at n “ 0»5 for the 

cholation titrations in section 3i but tho ratio of hydrogen-ion con­

centration to sodium-ion concentration was varied. The results show 

that for these solutions Upj+ is nearly constant and equal to approxi­

mately 2®7 on the average.

It v/as found that the Ujj-:- value of 2,7 could be used throughout 

the course of the chelation titrations listed in section 3 for the 

following reasons s

(a) Tho value of Ujj-:- tends to decrease as tho titration proceeds 

due to the diluting effect of tho water added in tho process of adding 

base „

(b) The value of 7Jtt+ tends to increase as more bass is added dueii

to the conversion of M++ ions to MKe+ ions. The divalent ione have a 

greater depressing effect on 1%+ than monovalent ions*

(c) Those two tendencies are nearly equal and in opposite direc­

tions.

The explorations of the water-dioxane solutions so far conducted 

are comparable to a calibration of tho pH measuring device employed 

against a pH measuring coll containing no liquid junctionsv

i^o*, Pb/ha HG1 AgCl/Ag

Inasmuch as the HC1 concentration is a known value in every case for 

the calibration procedure, we can safely deduce tho pH measurements 

taken in other solutions of comparable ionic strength and the same
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waier-’dioxans ratio mtliin the limitations above described will lead

to satisfactory estimations of the number of protons in solution®

Also, when the conditions surrounding a given titration are properly

calibrated under the some conditions, it is expected that activity
10

coefficients v/ill cancel out. Harned and Fallon have published data 

concerning the dissociation constant of acetic acid in 82 volmne-porcent 

dioxans» Their curves indicate that at an ionic strength of 0.02 the 

measured dissociation constant for acetic acid is no more than 0®03 

pK^ units lower than the extrapolated pK^ value for zero concentration® 

This should be sufficient to show that any peculiar effects such as 

might be ascribed to triple ion formation,etc* will not appreciably 

affect the results obtained at these concentrations*

Exporiment D (Soo table 4B)

The explorations of the waier-dioxone solutions so far carried

out have been United to acid solutions. The calibration of the pH

readings of solutions of known acid strength becomes impossible for

high pH values. Therefore, to ascertain whether the UK+ values found

in acidic solutions are applicable to the pH readings measured at

higher pH values, buffer solutions of sevorol beta-diketones were pro™

pared. Their pH values were measured both by the glass electrode vsu

the saturated calomel electrode and the coll',

Pt/H2 (lat,), Ko” (0.01), KeH (0,01), Cl“ (O.Ol), AgCl/Ag
ii 12

by the methods of Harned and Thomas, and Harned and Kazanjinn 

(See table 4B)» The results indicate that the pH value measured by 

using the glass electrode plus the correction for gives approxi­

mately the sane pH value as those which were calculated from the

'h ■> 'Td
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meastirenents made in the above cell for intermediate pH values. The 

corrected glass electrode pH values are low by about 0.2 pH units 

when the Beckman type E glass electrode is employed and low by about 

0.4 pH units when the Beckman plain glass electrode is employed for 

pH values determined in the neighborhood of pH = 11«.

Experiment B (See table 5B and graphs 12B and 12C)

It may be observed here that the Beckman type E glass electrode 

and the Beckman plain glass electrode give the same pH readings up to 

a pH of about 10 according to tho experimental data listed in table 5B 

and plotted in graphs 12B and 12G. Beyond a pH of ten very lai'ge devia­

tions are found between the two electrodes as shown by graph 120. The 

Beckman type E electrode roads the more correctly of the two.

It should bo noted at this point that pH values that are off scale 

to the ordinary pH motor are easily obtainable in those solutions in­

asmuch as Kwp the dissociation constant for waters is of the order of 

10“"u in a 75 volume-percent dioxane solution.

V
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The Dissociation Constants of Bota-diketonea

A"
►

%

}

General:

The dissociation constants taken into consideration here are the 

"apparent" dissociation constants for the chelating agents, and there” 

fore shall be defined as the product of the hydrogen ion concentration 

(H+) tines the concentration of ionized chelating agent (Ke ) divided 

by the sum of the concentrations of the keto and enol forras of the 

molecular chelating agent present as such in the solution. The follow- 

ing relationship between the "apparent" dissociation constant and the 

enol form dissociation constant is easily derived.

K(enol) = K apparent (l +

Since information concerning the keto-enol equilibrium of tho 

chelating agents under consideration is not available for the condi­

tions existing in these titrations no attempt will bo made to take 

cognizance of their interrelationship *

The dissociation constant Kj (equal to the "apparent" dissociation 

constant) will be considered as a measure of the tendency for the 

combined forms of the chelating agent to ionize*

The dissociation constants which have been determined for the 

several beta-diketones under consideration are variable with the 

water-dioxane ratio and ionic strength of the solution in which they

are measurede



Variation with Water-dioxane Ratio

J2.

13
Harned and Owen point out that the pK^ values for wator9 acetic 

acid, and several other substances increase almost linearly rath the 

molo fraction of dioxane present in tho solution. Quite possibly 

this same relation can bs carried over to beta-diketones« A graph of 

the pH values measured in a series of acetylacetone buffers which 

varied only in their waier-dioxane ratio gives fairly satisfactory 

results for this type of plot when the tl,+ corrections are appliode 

(See graph 12A and table 1C)

Variation with Ionic Strength

The order in which the beta-diketones my be placed in regards

to increasing values of is dependent upon the ionic strength of the

solution in which the measurements are made. This is illustrated for

the case of dibenzoylnothane and acetylacetone in graph 13 and tables

20, 30, and 40. For solutions of low ionic strength, dibenzoylmethare

has a higher pK^ value (smaller dissociation constant) than acetylace-

tone-, but upon increasing tho ionic strength (adding BaCl2 in'this
/

case) the order is reversed. Other reversals are shown in table 70®

Graph 13 also shows that the presence of a given number of equivalents 

of a divalent metal salt depresses tho pK^ values much more than the same 

number of equivalents of a monovalent metal salt®



The Variation of • dissociation Constants

of the Bota-dikotones with the End Groups of tho Molecules

Tho pK^ values of the beta-diketones are tabulated in tablo H>G 

for the case whore the ionic strength of the solution is comparable 

to that existing at n = 0«,5 for the copper chelation titrations 

described in section 4« (See graph 14 and table 60 for the titration 

data). The pK<j values for several dissimilar conditions are listed 

in table 7Bo

For the n = 0.5 case the following series of ond group influences 

are evident.

ch3---- oe3 o-■«- ch3 gi™ cii3 cf3 — CH3

gh3 o o o 9-

-o cf3 CO
gh3 ■sp o jp 9 U

gf3 0

gh3 i) o 9 -y cf3 0

ch3 -O o cf3 9 i> cf3 y

ch3 cf3 9 o cf3 -cf3

9 -cf3

For this one set of conditions then, the order of end group

fluence in causing increasing values, of pK^ (influence increases to 

the left) is as follows*

°H3. -CO O id O'-OF,

This order does not necessarily hold for a different ionic strength 

of solution. Note the order reversals in table 4B. In this table the 

following reversals of values tabulated in table A have occurred*

Table A Table B

-CO O -a<3 
i? J? ^

®3CO -o
y ^ ip

P'(p 1/ 'J b
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There have also been some reversals by nolecules tjhich have no

end groups in common<. But these cannot readily be compared*

If tho ond groups are considered as t\7Q scries, the relative 

order of the end groups is preserved#

Series (i) CH3 ^

The order found for the above series foliovre the general rule that 

the greater tho capacity of the end groups to function as electron 

sources, the smaller the degree of dissociation of the molecule trill 

bo®

For series (i)s The triple bond is knotm to bo able to function 

as a good electron source. In this series the methyl group H3 ~ C- 

acts similarly to a triple bond* Sulfur is known to be multivalent, 

ond therefore the thiophene group can easily enter into resonance 

structures-that contain triply bonded sulfur. The more readily a 

structure can assume resonance forms, the better it can function as an 

electron sink or source. Oxygen has a sraaller atomic radius than 

sulfur* and therefore holds tho electrons under its influence more 

securely than does sulfur. Therefore, the furane ring vail not tend to 

give up electrons as freely as the thiophene ring does and hence cannot 

function as moll as an electron source. Tho trifluro group, “CF3, has 

a strong tendency to attract electrons and therefore cannot bo consider” 

od to be able to function as an electron source#

For series (ii), the same pattern applies. The larger the number 

of resonance forms and tho greater the freedom with which an end group 

can assume them, the more readily that group can function as an electron

source
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It would appear that series (ii), consisting of six mernbered rings, 

is affected to a greater degree by a change in ionic strength of the 

solution than ore the members or series (i); this nay be related to 

a keto-enol equilibrium difference for the two series#

Bnolisaiion rates %

It was observed in titrating the dikeionas that those molecules 

containing the -CF3 (electron attracting) group wore very slow in 

reacting with NaOH under tho sons conditions that the remaining di~ 

ketones came to equilibrium quickly. This can be attributed to a low 

tendency for those molecules containing the -OF3 group to onolizo#
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Section 4-

Beta-dlketono Chelation Titrations with Copper

Generals

The hota-diketonos so far studied fall naturally into three groups 

in regards to their reactions under the conditions employed in these 

chelation titrations*

Grout) one GrojanJhrea

CH3COOH2COCH3 CH3C0CH2C0CF3 ch3coch2co P
ch3 0 ca ~cf3 ch3 O
O- 0 0 -cf3 9 P

ch3 9- -cf3 9 O
0- cf3 -cf3

a

9
"T1 9

Group ones

These molecules have relatively large pKj values and are quite 

stable towards acid or base in regards to hydrolysis* Tho di-ring- 

substitutod molecules are generally insoluble in a 50”50 volume-percent 

water-dioxane solution* For this reason a 75 voluco-porcont dioxane 

solution was employed to study them*

Group two:

These molecules have relatively small pK^ values and are unstable 

in the presence of acid or base. The compounds hydrolize readily in 

the presence of 0.01 molar HCI, cmd therefore, special methods have

boon employed to gather information concerning them. Those molecules.
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are soluble in a 50“5° volume-percent wter-dioxane solution but the 

copper chelate compounds formed by the ones containing six-rnenbered 

rings are not soluble to any appreciable extent in this solution* 

Therefore, it was also necessary to study this group in a 75 volume- 

percent dioxane solution.

Group threes

The pyridyl compounds complicate the calculations and measurements 

necessary to determine their chelate compound forroation constants 

inasmuch as the ring nitrogen picks up protons from solution. Study 

of the chelation characteristics of these compounds with the copper 

ion were not carried out due to an insufficiency in the quantities 

available of the diketonos. The chelating abilities of these compounds 

along with those of group two can more advantageously be studied in 

the presence of the nickel ion. It is expected that the difficulties 

encountered in using copper as the metal ion for the chelation studies 

will be largely avoided for the following reason: the nickel ion has a 

much smaller chelating tendency than the copper ion and therefore will 

not combine as strongly with tho above chelating agents. Chelation is 

nearly proportional to the amount of base added when the nickel ion is 

used. Also tho pH is much higher during the chelation titrations.

This should arrest hydrolysis in the case of tho trifluro compounds and 

remove the difficulties encountered in calculating tho chelate compound 

formation constants for the pyridyl compound.



Experimental Procedure

Group ones

The chelation titrations for this group were carried out as 

follows?

Llixturoo of 75 nl* of dioxane, 25 lal-o- of H20s 1 x 10''^ moles 

(0.1705' 5ms«) of CuGlo <'2H20 and 4 x 10“3 moles of chelating agent 

(KeH) were titrated with a 1»302 N solution of NaOH* A smooth titra­

tion curve XT8.9 obtained in all cases except for that of dibenzoyl 

methane in which a pH drop coinciding with precipitation occurred.

The graphs, titration data, and calculations for these curves are 

included in appendix D9

Group tv?o ?

The fact that the trifluro-beta-dihetones hydrolize readily in 

snail concentrations of acid or base can lead to erroneous conclusions 

as to the number of chelating groups associating themselves with a 

single metal ion inasmuch as CF^GOOH, ono of the products of hydrolysis, 

is a strong acid and therefore is titrated over tho same portion of 

the pH titration cun/e that ordinarily is considered to measure the 

extent of tho chelation that has occurred. (Soe graph 15A}» Notice 

that approximately three equivalents of protons were titrated before 

the rise in pH to the titration level of tho excess chelating agent 

present. The broken curve outlines approximately the pH values that 

would have been read if hydrolysis had not occurred® It should also 

be noted that the copper dichelate formed at the lower level of tho 

titration curve is hydrolized at on approximate pH of 10. The 

equivalents of base required to titrate this plateau shows that only 

2 chelating groups coordinated per atom of coppor and not three as
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might be inferred from the stochiometry of the lower pare of the curve* 

Sufficient acid to cause a fairly rapid hydrolysis of the chelating 

agents to occur is automatically produced in solution as soon as the 

diketones of this group and the copper ion are combined. In these cases 

approximately one-half of the total chelation occurs on nixing•, this 

results in a 0.01 N HCI solution being produced*.

It should be noted at this point that the trifluro-beta-diketones 

react with divalent copper ions much more rapidly than with sodium 

hydroxide, "lien a copper chloride solution is added to a trifluro- 

beta-diketone solution equilibrium, excluding hydrolysis, is obtained 

quickly. But when NaOH is added instead it generally takes a consider­

able length of time for the pH meter to indicate a final equilibrium. 

Hydrolysis does not occur in the last mentioned case since the tri- 

fluro-beta-dlketones titrate close to a neutral pH. These observa­

tions tend to indicate that metal ions may combine with beta-diketones 

which are in the keto as well as enol fora.

To avoid the effects of hydrolysis, the following (less exact) 

method for obtaining chelation data was employed: Mixtures of 75 ml. 

of dioxane and 4 x lO"-5 Doles of chelating agent were combined in the 

four-necked flask and the stirring motor started. The pH meter 

electrodes were then placed into the solution. To this was then added 

25 ml. of a solution containing either (A) 25 ml. of H20 and 1 x 10”3 

moles of copper chloridej or (B) 23 ml. of J%0, 2 ml. of 1.142 N HG1 

and 1 x 10“3 r;1oles of coppor chloride. The first "semi steady" pH 

reading was recorded. The value recorded was indicated by the pH meter 

within a few seconds after mixing and was the lowest pH value indicated 

by the meter* It•was observed that the pH of the solution rose slowly

to a v . qe 3.2 v than the recorded val
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reasons that ths first "semi-steady" pH readings wore chosen as the 

best values to employ in calculating the formation constants for these 

chelate compounds are as follows!

(a) To 75 ml. of dioxane contained in the titration apparatus 

was added a mixture of 2.3 ml, of I^O and 2 ml. of 1,142 N UaOH.

Result: The pH came to a steady value very quickly thus showing that 

stirring equilibrium is rapid, and that the electrodos respond quickly.

(b) To 75 ml. of dioxane and 4 x 10”3 moles of trifluroacetyl- 

acetono in tho titration apparatus was added a mixture of 23 ml, of 

HoO and 2 ml, of 1.142 N NaOH. Again the pH came to a steady value 

very quickly.

(c) If the copper ion only chelated with.the onol form of tho 

beta-diketone tho slow conversion of the keto form to the onol form 

could only result in a larger hydrogen ion concentration and there­

fore a pH drop.

(d) Any slowness in mixing or chelating processes in general 

for these beta-diketones can only result in the pH decreasing.

The above facts rule out any explanation other than hydrolysis. 

Consider the following: The ionized chelating agent molecule Ke” 

for these compounds has an almost equal attraction for H+ and Cu’i’+, 

CuKe+ + H+ Cu++ + KeH

As KeH is removed from the solution by hydrolysis tho above 

equilibrium shifts to the right causing-a pH riso. Tho extent of 

this riso is limited by the dissociation of the acid produced in 

hydrolyzing tho chelating agents

It is believed that the pH values thus found will load to 

approximately correct points on tho calculated formation curve of the
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copper dichelates.

The case for hexafluroacetylacexone was approached in tho same 

manner as for tho first group* Hexafluroaceiylacoton© does not 

chelate with copper ion readily and apparently is not as subject to 

hydrolysis as the trifluro compounds. (See graph 15B). The chela­

tion titration for this compound (table 3I>) required a considerable 

amount of time. This is related to the slowness of enolisation of 

the trifluro and hoxafluro compounds. For the trifluro compounds 

chelation was much faster than enolization, but for the hexafluro com­

pound chelation appears to be a consequence of enolization and there- 

fire is a much slower process. The calculation of the chelate com­

pound formation constants for this compound must take in account the 

large value of K^. The long formula developed in note 6 of section 

one is used to find n in this case* It should be noted (See graph 17 

and table 4B) that chelation does not go beyond the first step before 

hydrolysis of tho chelate compound begins*
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Calculation of the Chelate Compound 

Formation Constants

f

1

f

In section three it tras shown that the presence of divalent ions 

in solution depressed the pK^ value of a beta-diketone much more than 

the same number of equivalents of a monovalent ion0 This of course 

results in an increase in tho pK^ value of a chelating agent during 

a chelation titration up to the point (n = 1.0) where all the di­

valent metal ions in a solution have been converted into monovalent 

(monochelated) ions* Beyond this point, dilution effects (increase 

in H20) mil cause pK^ to decrease*

To avoid considering a varying value in the chelate compound 

formation constants calculations, the calculations have been arranged 

to determine tho difference in the tendency for the ionized chelating 

agent molecule Ke" to combine with the copper ion and a proton. It 

has been assumed that the values so found will be nearly independent 

of the fluctuations in K^* The same value is then employed to 

determine the, several formation constants. The values employed 

in these calculations have been measured under the conditions of 

solvent composition and ionic strength which typically exist at the 

midpoint of the first chelation. That is to say where n = 0,5 (Soo 

section 2, experiment C)0

This series .of values is the most applicable for comparing 

the Kj values of the chelating agents with the first formation con­

stants of the notal chelates, (Soe graph 18 and table ?D)*

Tho (n - 0,5) values employed are "apparent" values and are 

not strictly comparable as enol fora values would be, but they 

provide a satisfactory measurement of the average tendency for the

f

1

f
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- chelating agent to give up a proton#

Tho calculation methods employed in this section will be a modi­

fication of those employed in section one. See note 6 of section one 

for the mathematical development*

Specifically:

n = (Na+ + H+ - AJ/Tq^h-

Wheres

n equals the average number of chelating agent
|i |

molecules chelated v/ith Cu »

Ka'1’ equals a constant factor times the number of 

equivalents of base that have been added#

H* equals the same factor tines the number of 

equivalents of hydrogen ion present#

A equals the same factor times the number of equi­

valents of acid (if any) oi’iginally added*

?Cn-H- equals the same factor tires the number of 

moles of copper present in all forms#

Note that the factors cancel

at n - 0.5

the formation constant % = (CuKo’1")/(Cu‘<'+) (Ke“) •• 1/Ke“

and at n = 1,5

the formation constant K2 = {CuKs2)/(GuKe+)(Ko”) = l/Ke'

v Therefore at

E = 0*5 log Kj = pKe”

and at ST - 1*5 log K2 ~ pKe~

pKe’ is calculated from the previously determined dissociation 

constant and the ratio of the hydrogen ion concentration to the con­

centration of the chelating agent present.

p ''(ply
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log (H+)/(KqH) pKd = pKe'

at n = 0.5 and n = 1.5 log (H+)/(KoH) is equal to the log of the for­

mation constant sought minus pl<4, or represents the difference in the 

tendencies of Ke“, the ionized chelating agent molecule,to associate 

with a copper ion and a proton. These values are tabulated in table rfDa

The values for n and log H+/Keil are solved for and graphed (soe 

graph 17). The values for log I^/KeH at n = 0.53 n = 1.0, and n = 1.5 

ore then determined from tho graph and added to tho value of pKd to 

give log log K (av.), and log Kg^

Conclusions3

(l) It may bo stated that in a general way the formation con­

stants for the copper chelates have a fixed relationship to their 

respective chelating agent dissociation constants that is independent 

of the solvent medium. Referring to graph 18 the points for pK^ vs. 

log K will all fall approximately on the same line regardless of tho 

water-dioxane ratio. The formation constants for different copper 

chelates which have been measured in different water^dioxane ratios may 

be compared provided the dissociation constant for each chelating agent 

is known for one solution.

(.2) The order of increasing K's for the copper chelates is the 

same as the order of increasing pKd for tho chelating agents when the 

latter are measured under the same conditions as those that were pre­

sent, during the chelation titrations. The above is a tentative state­

ment @

(3) The log H /KeH values plotted on graph 1? show that the larger 

a pICd value a chelating agent lias the greater is its combining perfer-



once for a proton over the copper ion. Both tendencies} however, 

are increased. Hexafluroacetone is an exception.
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*1 <

1 ■ .

•(4) A plot of the first formation constant and the average for­

mation constant of the copper chelate compounds considered in this 

thesis versus pKd show the following relationships0

(a) The plot pK^ vs. log K (av) is a straight line. This 

indicates that the average chelating tendencies of the beta-diketones 

that have been considered are proportional to their formation constants.

(b) The plot pK^ vs. log K1 is a curved line showing that as 

the pK^ value for a beta-diketone increases, pK^/log increases.

Tho change in the ratio is small for high pKj values.

(5) A large initial chelation is ail indication that the tendency 

for an ionized chelating agent molecule to coordinate a metal ion and 

to associate with a proton aro nearly equal. This does not indicate 

that the chelating tendency is large in an absolute sense. This is 

general for the trifluro-beta-diketones.

The generalities that have been pointed out are derived from in­

formation that has been gathered so far and are not represented to 

be conclusive. Further work will substantiate or alter them as they 

are no?; given. Conclusions that my be drawn concerning matters that 

are more specific in nature have been made throughout this thesis in 

the sections rath which they are concerned*

* <

f • .

1
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Swranary

(1) The methods previously employed in titrating uater-dioxane 

solutions have been examined and extended to solutions containing 

more than fifty volumo-percent dioxane*

(2) The existence of compounds of the type I’Koj•NaKe has been

demonstrated *,

(3) The chelating tendencies of several beta-diketones with 

copper have been determined and correllated with their respective 

dissociation constants*

(4) The influence of the end groups of beta-diketones have been

demonstrated ®

p-i v' 7 j
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Table 1 A

Titration Data for Graph 4

r

50 ml.* distilled 
50 ml* dioxane
0*800 gras® Eastman Kodak acetylaeetone 8 x 10”3 
0*3410 gms. lialenkrodt C.P» GuGl2 * 2H20 (2 x 10"3 r.loi0)

Tho resulting pH for this mixture is 1*87

Time Burette Ml pH

4;28 p.m» 0.00 0®00 1,87 solution
4:32 0.05 1.88 groom

0,11 1*90
4:3? * 0.2? 1.92

0.50 2.00
4:40 o.?5 2.10

1.00 2.21
1.25 2*35
i.5o 2.50
1.75 2*65 solution

5:00 p.m. 2.00 2,00 2.87 deep blue-green
8:15 p»rn« 2.89
overnite
7:30 a»m» 2.89 no ppt*

has formed
?:45 a.m* 2.25 2.00 2*89 0.25 ml. base

drained off from
250 2.25 3.11 burette

9:45 a.m* 3.00 the ppt. is now <
9:50 2 .61 2.36 3.11

11*45 3.091! 2,70 2.45 3.19
12:30 3.15tl 2.80 2.55 3.27
1:10 3.25♦1 2.90 2.65 3.39
1:55 3.37II 3.00 2.75 3.50
2*30 3.50 •

•1 3.10 2.85 3.76
2:40 3.71»l 3.14 2.89 3.81
2:55 3.20 2.95 4.10
3:05 4.09
3:10 3.25 3.00 4.78
3.40 4*7?
3.43 3.30 3.05 7.30
6:45 3.30 3.05 7.24

H 3.40 3.15 C.29
7:00 3.49 3.24 8.59

Pay'll
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Time

* 10:10

Table 1 A (continued)

Titration data for graph 4 (continued)

Burette ia pH

3.60 3.35 8.73
3.70 3.45 O.90
3*86 3.61 9.08
3.98 3*73 9.17
4.25 4.00 9.40
4.50 4.25 9.55
4.75 4.50 9.69
5 „oo 4.75 9.81
5*25 5.oo 9.99
5.50 5.25 10.15
5*75 5.5o 10.37
6.oo 5.75 10.72
6 0ll 5.86 11.02
6c20 5.99 11.36
6.25 6.00 11.68
6.30 6.05 11.78
6.50 6.25 12.08
6.75 6.50 12.21
7.00 6.75 12.26
7.25 7.00 12.29



Table 2 A
74- .

Data for the Chelate Formation Curve of Graph 7 

2 x 10-3 u CuCl2j 8 x 10“3 m acetylaeetone

A ¥ pH M H+ n . n pKe” pKo”

0*00 101, 1.87 0.0135 0.683 9,010
0*11 101.1 1.90 0.0126 0.710 8.985
0.27 101.3 1.92 0.0120 0.0132 0.785 0.844 8.974 9.015
0.50 101,5 2.00 0.0100 0.0110 0.832 0.884 8.902 8.945
0.75 101.7 2.10 0.00794 0,00873 0.884 0.925 8.811 8.853
1.00 102,0 2.21 0.00616 0.00678 O.96O 0.990 8.713 8.755
1.25 102.2 2.35 0.00449 0.0049 1.034 1.057 8.581 O.623
i»5o 102,5 2,50 0.00310 0.00348 1.132 1.150 8.450 8.479
1.75 102.7 2.65 0.00224 0,00246 1.241 1.255 0.31? 8.361
2*00 103,0 2,89 0.00128- 0,00141 1.350 1.36 8.092 8.133
2*25 ' 103.2 3*11 0.000775 0.000853 1.485 1.495 7.898 7.96

2*25 103.2 3.00 0.00100 0.00110 1,500 1.51 8,012 8.04
2.36 103.4 3*09 0.00081 0.00089 1.56 1.57- 7.918 7.958
2.45 103.4 3.15 0.00071 0.000?8 1.62 1.625 7.880 7.923
2*55 103 o5 3.25 0.00053 0.00062 1.68 7,792 7.832
2.65 103.6 3,37 0.00043 0.00047 1,73 7.681 7.725
2.75 103.7 3.50 0.00032 0.00035 1.79 7.579 7.626
■2.85 ' 103.3 3,71 0-.00019 0.00021 1.845 7.380 7,415
2.95 103,9 4.10 0.00008 1.92 7.000 . 7.04
3.00 104.0 4.77 0.00002 1.94 6.397 6.598
3.05 104.0 7.40 4 X 10“$ 1.95

»

A =■• mlc la290 N base added 

V - volume.of solution

[H!’j = hydrogen ion activity as indicated by the pH meter 

H ~ hydrogen ion concentration, assuming Ujj -- 1/1 »1 

n = n (using concs = activity) n = ^ >; le290 [li+j

2/V

n = n using conc8 = activity x 1/1 <,1 n = g x 1*290 H'* 
27^——“

pKo” = log 

/
pKe” = log

[ir]
K<i X 8/V

ir^
1% X 8/V

P-(,r'V)



Table 3 A

Titration Data for the 

1 x 1Q“3 m CuC12 and

4 x 10*’’3 m acetylaeetone run (See graph 8) 

No precipitation occurred on this run

ia pH

OoOO 2.12
0.1- 2 ol7
0.25 2,27
o.35 2,35
0.50 2.48
0.60 2.57
o//7 2,78
0.90 2.92
1.00 3,11
1,09 3,28
1.21 3.52
1,30 3,71
1.40 4,10
1,45 4,28
i,5o 5.20
1*55 7.82
i.6o 8.60
i,?o 9.03
l.8o 9.19
1.90 9.39
2.00 9.50
2.25 9.78
2.50 10.02
2,75 10.33
2,90 10.60
3.00 10.95
3,0? ll.io
3.11 11,48
3,25 11.92
3.35 12.02



76
w Table 4 A

Data for the 1 x 10“^ M CuCl2 and 4 x 10-3 M acetylaeetone 

Chelate Compound Formation Curve (graph 7)

ML NaOH Vol.of
< added Sin® pH * H+ n l/Ke" pKe“

*_ *- 0.00 101 2.12 8.33 x 10"3 0.843 1.30' x 10~9 9.113
0«25 101.2 2.2? 5.90 >: 10“3 0.920 0.955 8.979

4 0.50 101.5 2,48 3.63 x 10~3 1.012 0.632 8.800
r 0.77 101.7 2.78 1.83 x 10-3 1.180 0.307 8.486
* 1.00 102.0 3.11 8.51 x 10“4 1.380 0.165 8.216

1.30 102.3 3*71 2.15 x 10”* 1.698 0.0480 " 7.681
- 1.40 102.4 4.10 8.7 x 10“5 1.810 0.0204 " 7.309

1.45 102.4 4.29 5.6 x lO"? 1.879 0,0135 " 7.130
1.50 102.5 5*20 1.7 x 10"6 1.939 3.71 x 10”3 7.611

* These values assume = l/l»l

Table 5 A

Values for K2 curve found using 1/Ke = —- » K2

where K2 is toJcen from graph

CuKq^ .
CuXeg n log SaKaL

5 GuKo2 log K2 pKe'

0.01 201
101

=: 1.99 -2 7.90 5.90

0.10 21
5.1 = 1.91 -1 7.90- 6.90

0.50 1
3

s' 1.6? -.3 7.90 7.60

1,00 a
2

s 1.50 -0 7.90 7.90

3 1*33 .3 7.90 8.20

5.00
1

6 = 1.17 .7 7.90 8 *60

10.00 12
11

= I.09 1.0 7.90 8.90
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Table 5 A (continued)

Values for K. curve found using =1 Ke”
. K

GuKe'1* 1

Cn+S-
n log Cu++ 

CuKa+
log %CuKa* pKe

0.01 100 _ 
101 .99 -2 9.55 7.55

0.1 10
11 = .91 -1 9.55 8.55

o*5 2
3 .6? -.3 9.55 9.25

1.0 1
2 " .50 0 9.55 9.55

2.0 1!

<—
Ijl-'O .33 .3 9.55 9.85

5.o II .16? .7 9.55 10.25

10.0 JL
11 .091 1.0 9.55 10.55

j)4 ^



Table 6 A 
(refer graph 7)

Precipitation curve using Ujj+ = l/l.l

ML NaOH Amount ppt d * Total ppt. Moles

(i) 2.25 O.O890 gms. O.O89O gms® 0.34 x 10”3
(2)
(3)

2.50 0.0744 gms. 0.1634 gms. 0.S3 x 10-3
2.75 0.0775 gras. 0.2409 grls® 0.92 x 10~3

(4) 2.90 0.0461 gras. 0.2870 gms® 1.097x 10-3
(5) 3.00 0.0153 gms® 0.3023 gms® 1.16 x 10“3

n values on the crystallization curve

(1) 1.51 (2) 1.65 (3) 1.79 (4) 1.88 (5) 1.94

T-, — -2aSubstituting into Ke ---- n
Tcu++ “a

(1) 1.51 x 2 x 10”3 - .34 x 10”3 x -2 2,34
lo41a x 10“3 - 0.34 x 10“3 1.66

(2)
1*65 x 2 x 10”3 - .63 x 2 x 10"3 2.04

l®49
2 x 10”3 - O.63 x 10”3 1.37 '

(3) 1.79 x 2 x 10“3 - ,92 x 2 x 10"3 1,74
1.61

2 x 10“3 - 0.92 x 10”3 ' 1.08

(4) 1,88 x 2 x 10”3 - 1.097 x 2 x 10"3 _ lt£7
= 1.74•2 x 10”3 - 1.097 x 10“3 .903 "

(5) 1.94 x 2 x 10“3 - 1,16 x 2 .
*

x X0“3 1^96
_ .84 r= 1.86

2 x 10”3 - i.i6 x io“3

Crystal Curve Sin. Cun.'-© pKe"
n n

(i) 1.51 1,41 8,04
(2) 1.65 1.49 7.86
(3) 1.79 , 1.61 7.63
(4) 1.88 1.74 7.32
(5) 1.94 1.86 6.58



Table 7 A,

Ni(acac)2 Titrations

79

/ ' (A) 25 ml. dioxane, 25 nil* I%0, 2 ml, 0.500 molar NiCl2 solution
: and 4 x 10”3 moles of acetylaeetone, titrated with 1.302 N liaOH

•x

Burette pH Burette pH Burette pH Burette pH

0*00 2*88 0.80 5*11 1.55 7.52 2,40 8.40
0,10 3.35 0,90 5.30 1.60 7.70 2.60 9.28
0*20 3*65 1.00 5*60 1.70 8.21 2.75 9.60
0*30 3*92 1.11 5.88 1.80 8.50 2,95 10.30
0,40 4.12 1.21 6*10 drop to 7.05 3.00 11.05
0*50 4.38 1.30 6.30 1.90 7.10 3.05 11.50
0.60 4.62 1.40 6.5? 2.00 7.20 3.10 11.70
0*70 4,8? 1,50 7.18 2.20 7.55 3.26 12.00

{B) 50 mis, dioxane, 5C ml, HgO, 2 ml0 0.500 molar UiCl2 solution and

4 x 10“^ moles of acetylaeetone,' titrated with 1*302 N NaOH

Burette pH Burette pH Burette pH Burette pH

0,00 3.10 1.50 7.35 2,15 9.2? 2.75 9.86
0.25 3,89 1.55 7.80 2.25 9.40 2.91 10.26
0.50 4.50 1,65 8.20 2.40 9.60 3.00 10.65
0.75 5,18 1.75 8.65 2.50 9.71 3.05 10.85
1.00 5.78 1.90 8,90 drop- to 9.15 3.10 11.35
1.25 6,35 2.00 9.05 2.65 9.57 3.15

3.25
11,72
11.91

(C) Titration of filtrate from (B) after acidification to pH =

Burette pH Burette pH Burette pH

0,00 3*10 0,?0 10.05 1.00 11,30
0,10 4.98 0.75 10,15 1.13 12.00
0,20 6.12 0.80 10.47
0.30 ?o30 0.85 10,70
0.40 8.94 0.90 11,35
0*50 9.40 0,95 11,35
0.60 9*71
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Table 8 A

One-half Chelation Titrations

Solution As 2 x 10"3 M CuCl2, 2 x 10“3 acetylaeetone 50 ml*

~v dio;icane and 50 ml. H2O titrated with 1.290 N NaOH

: Burette pH Burette pH
i

OoOO 2.08 1.74 4.52
’ 0.25 2*20 2.25 5.03

0*50 2*39 2.35 5.2?
0.75 2.59 2.45 5.50

- * 1*00 2.90 2.55 6.03
1.25 3.49 2,65 8.03
1.35 3*81 2*70 10.9
1.55 4.42

- Solution Bs 2 x X0~'’ M GV1GI2 5 50 ml. dioxane, 50 ml , H>0 £ HC1
titrated with 1*302 N NaOH

• Burette PH Burette pH Burette pH

K 4 0,00 1.86 1.20 3*88 3*25 4.80
i \ 0S25 1*92 1*25 3*87 3*35 5*42

0,60 2.1? 1*50 3*89 3*40 7*30
0.80 2*39 1*75 3.92 3*42 8,1?
1 *00 2*88 2,00 3.96 3.50 11.5

- 1*05 3*0? 2.50 4.12 3*75 12.13
1*15 3.95 3.00 4.38

Solution Cs 2 x 10“3 1,1 CuCl2 s 2 x 10“3 IJ benzoylaceione, 50 ml

> dioxane £ 50 ml® H2iOs ~ titrated with 1 .290 N NaOH

Burette pH Burette pH Burette pH
*

'0.00 1.6? 1*75 2.30 3*05 4.23
. 0,05 1.68 2.00 2.47 3*15 4.30? 0.15 1*69 2.25 2.71 3*25 4.33

**•- 0.25 1.71 2.50 3*o? 3.50 4.51
# o,5o 1.78 2.60 3*29 3.75 4.76

o.75 1.86 2.?0 3.48 4.00 8,10
- 1*00 1.91 2,80 3*98 4*10 11.404 1.25 2.01 2.90 4.20 4.25 12.36
, ■ 1.55 2*19 3.00 4.21
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Table 1 B 
(See graph 11 A)

Solution (A) 49 ml# dioxane
2 ml. 1^0
1 ml* 1.142 N KOI

Solution (B) 51 ml. H20
1 ml* 1.142 N HC1 pH

Solution pH H+ voi i 
dioxane

UH+

(A) 94,4
4 ml® B 0.72 0.190 87.5 8.66
2 0.90 0.126- 84*5 5.75
2 1.02 0.0955 81.9 4,36
2 3. *12 0.0758 79.1 3.41
2 1*21 0.0616 7608 2.81
2 1.28 0.0521 73.3 2.38
2 1.34 0.0457 72.2 2,08
2 1*40 0.0398 70.0 1.82
5 1.49 0.0324 65.4 1.48
5 3.53 0.0295 61.4 1.35
5 1.6o 0.0251 57.6 1.15
5 1.63 0,0234 54.4 1.07
oil. 1.69 0.0204 4?.l 0.93
B 1.70 0.0200 00.0
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Table 2 B 
(See graph 11 B)

Solution (a) 75 oi. dioxane (B) 75 ml* dioxane
25 ml* 25 ml. HaO
5 x lo" ^ mole BaClj> 5 x 10"4 mole BaOlp
1 X 10’ mole NaCl 1 X 10“3 mole HC1

moles
[H*]x 103Solution pH' x 103 V H+ xlo3 v-

Sol* (A) 6.6? ri
& 2 nil. (B) 3*26 0.020 102 0.196 0.550 2.81

2 2.96 0.040 104 0.385 1.095 2.85
2 2.79 0.060 106 0.566 1.62 2.87
2 2.6? 0.080 108 0.742 2.14 2.88
2 2.58 0.100 no 0.910 2.63 2.89
5 2.42 0.150 115 1.305 3.80 2*91
5 2.33 0.200 120 1.670 4.58 2.75

10 2.20 0.300 130 2.31 6,30 2.73
10 2.10 0.400 140 2,86 7.92 2.77
10 2.03 0.500 150 3.33 9.32 2.80
10 1.98 0.600 160 3.75 10,50 2.80
10 1.93 0.700 170 4.12 11.75 2*84

4 •

Solution

(B) 1.57 0.300 30 10.00 27.0 2,70
5 ml. (G) 1.60 0*321 35 9.20 25.0 2.72

10 1.68 0.362 45 8*04 20.9 2.60
10 1,71 0.403 55 7.34 19.5 2.66
10 1.75 0.444 65 6.83 17.0 2.62
10 1.77 0.485 75 6.47 17.0 2,63
25 ■ 1.80 c .588 100 5.88 15.8 2.70
50 1.84 0.796 150 5.31 14.4 2.72
all. 1.8? 1.000 200 5.00 13.5 2.70

J'to >



Tables 3B 
(See graph 11 C)

84

Solution As 

Solution Bs 

Solution Cs 

Solution D: 

Solution E:

150 ml. dioxane and 50 ml. 1^0 

48 ml. of soIn. (A) & 2 ml, 1.142 N HC1

48 ml, of soln. (A) & 2 ml, 1^0

48 ml. of soln. (A) & 2 ml. HgO

48 ml. of soln. & 2 ml. C.ll60 N HG1 & 2.052 x 10~3 M NaCl

Curve (B)

- Solution Vol„ Holes H+ 
x 102

H+ pH [H+] 1/2 Eci 
x ICr ■

Uh+

(C) 1 ml. ■ ■ ■
t • (B) 51 0.00456 0.000895 2.49 0.00323 0.0895 3.61

1 ml. (B) 52 ' 0,00912 0.001755 2,23 0.00589 0.175 3.35
2 54 0.0182 0.00338 2.00 0.0100 0.338 2.96
2 56 0.0274 0.00489 1.87 0.0135 0.489 2.76

* . 2 58 0.0365 0.00630 1.80 0.0158 0.630 2.51
- 2 60 0.0456 0.00760 1.74 0.0182 0.760 2.40

5 65 0.0684 0.01050 1.61 0,0245 1.050 2.33
5 70 0.0912 0.01305 1.53 0.0292 1.305 2.23
10 80 O.1368 0.01710 1.48 0.0331 1.710 1.93
10 90 0.1824 0.0203 1.40 0.0397 2.03 1.96
(B) 50 0.2284 0.04580 1.1? 0.0675 4.58 1.48

Curve (A)

Solution
V (D) 1 ml.

51 0.000465 0.0000912 3.34 0.000456 0.0895 5.00
1 mi. 52 0.000930 0.000179 3.11 0.000776 0.175 4,34

* 2 54 0.001860 0.000345 2.89 0.001285 0,333 3.73k- 1 Oc 56 0.00279 0.000500 2.77 0.00170 0.489 3.40
«." 2 58 0.00372 0.000641 2.68 0.00209 0.630 3,26

. 4- 2 60 0.00465 0.000775 2.61 0.00245 0.760 3.16
65 0.00698 0.001070 2.51 0.00309 1.050 2.89

•> 5 70 0.00930 0.001330 2.45 0.00355 1.305 2.6?
10 80 0.01395 0.001745 2.36 0,0043? 1.710 2.50V 10 90 0.01861 0.00207 2.30 0.00503 2.03 2.43
sjLX « 100 0.0232 0.00232 2,26 0.00550 2.29 2.37
E 50 0.0232 0.00465 2.09 O.OOGl 4.58 1.74



Table 4 B

Prefacos

Solution (X)s A solution consisting of 5 x 10“3 moles of NaCl 

dissolved in 125 nl» 1^0 end 375 »!«, dioxaiie. Divide solution (X) 

into 5 portions of 99 Eil. each —* these will be called solutions A,

Br C? D, and Ee

To solution A add 1 ml. of 0.1160 N HC1; here 1.160 x 10"3 

molar and Cl“ =» o;oill6 molar;
-»3

To solution B add 2 x 10 moles of acetylaeetone' and .7? ml* of 1,302

1.302 N NaOH.

To solution C add 2 x 10 moles of bensoylacotono and .7? ml. of

1.302 N NaOH.

To solution D add 2 x 10”3 nolos of trifluroacotylacetone and .77 ml. 

of 1.302 N NaOH.

To solution E add 2 x 10“3 moles of thenoyltrifluroacetone and .77 ml. 

ml. of 1.302 N NaOH

The pH of oach solution was measured both with a plain glass 

electrode and a Beckman type E glass electrode vs. a saturated calomel 

. _ electrode. Potential measurements were also made on oach solution

by moans of a hydrogen electrode and a silver-silver chloride electrode.

> Some difficulty was experienced in obtaining accurate readings with 

the hydrogen electrode thereforo each solution was checked with two

1 . hydrogen electrodes and two silver-silver chloride electrodes.
t

> ... The silver chloride electrodes wore prepared by depositing Ag

upon a no. 20 platinum wire from a KAg(CN)2 solution for 7 hours with 

v- . a current of one milliampere per electrode. They wore then employed

as anodes while electrolysing a 0.75 N HC1 solution for one hour at

7> 4 -y'P
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a current of one sulliarapere per ©locirods®

For golut5.on As Th© Kornst equation is applied to determine 

Eg, (tho Eg for the cell employed in th© given solution).

E = Sq* -0,060-log G^-i* " o»o6o log Gq^“

The activity coefficients are considered to bo unity for those 

calculations»

Sinco Eg^has been determined from solution (A), tho rearranged 

Nernst equation

3/0.0600 (E - E0*) log Cc]- = pH 

may be employed to determine pKc] in th© remaining solut5.ons0

Table 4 B

Solution Added
Constituent pH(e) pH(p) E (1)

volts
E (2)

(A) HC1 2,52 •2.52 0,360 0.360
(B) CH3COCH2GOCH3 10.45 10.27 0.860 0,865
(G) Q coch2coch3 10.50 10.27 0.862 0.860
(B) CHgGOCHgOOCFg 6.66 6.66 0.618 0.615

(E) Ql GOCII2 COCF3 6,50 6,50 0.620 0,620

From (A)

E = Eq1 ~ 0.060 log -0,060 log Cq^“

: 1360 « Eg* +ai?6 +0.117 V “ 0.077 m.v.

also from solution (A)

UH+ =2.6 therefore tho correction 0,41 should be added to 

all pH values*

Tho concentration of (Cl“) is 0.01 for tho remaining solutions

hence for each case,

1/0,0600 (E -0.077) -2 = pH
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•

Solution
pH

(Ha) pH (0) pH (p) (0) (p)

. B ll.l 10.86 10.68 -.25 -.42
* G 11.1 10.91 10.68 -.19 -.42

f D 7.0- 7.07 7.07 +.07 + .<D?
E 7.05 6.91 6.91 -.14 -.14

pH (H2) neasurod by the hydrogen electrode vs« AgClj Ag electrode 

pH (©) measured by tho Beckman type E glass electrode 

pH (p) measured by the Beckman plain glass electrode •

(e) pH(H2)-pH(e)

(p) pH(H2)-pH(p)

% .

I
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Table 5 B
(Sgo graph 12 B & 12 C)

Tvw identical solutions (A) & (B) each containing 75 e1* diojeano,
«3

25 Eil si HoO and 1 x 10 moles of dibenzoylmethane were titrated with

1.302 N NaOH. The pH measureraents were made with a Beckman plain
1
glass electrode for solution A and a Beckman type E glass electrode 

for solution Be

Solution (A) Solution (B)

Burette pH (E-P) Burette pH

0.00 6.70 0.00 6*80
0.05 10.70 0.14 0.05 10.84
0.11 10.90 0.10 11.14
0.18 11.10 0.15 11.20
0.25 11.19 0.26 0.25 11.45
0.30 11.22 0.28 0,30 11.50
0.35 11.31 0.30 0.35 11.61
0.41 11.40 0.40 11.68
0.45 11.45 0.35 0.45 11.80
0.50 11.52 0.37 0.50 11.89
0.55 11.59 0.41 0.55 12.00
o»6o 11.71 0.61 12.20
0.66 11.80 0.65 12.33
0.70 12.00 0.70 0.70 12.70
0.75 12.21 0.8? 0.75 13.08
0.77 12.49 0.77 off scale
o.3o 12.65
0.05 12.70

The two titrations are plotted in graph 12 B and their difference

is plotted in graph 12 0,
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Table 1 C 
(See graph 12 A)

, 4

%

Solution A 

.50 nil* dioxane 

9 ml* H20

1*55 mU 1-.302 N NaOH 

4 x 10“3 mole acetylc-cetono

Solution B

118 ml. H20

3.1 ml. 1*302 IT NaOH

8 x lO”^ eoIo acetylaeetone

Volume-
Solution percent pH estimated estimated

of dioxane log UH+ total

(A) 82*7 10.6? 0.72 11.4
5 ml (B) 76.3 10.58 0.48 11,1
5 70.9 10.50 0.32 10.8
5 66*2 10.40 0.23 10.6
5 62.0 10.25 0.14 10.4
5 58.5 10.14 0.08 10,2
5 55*3 10.04 0.04 10.1'
5 52.3 9.95 9.95
5 49.8 9.87 9.87

10 45*1 9.74 9.74
15 40.0 9.60 9.60
20 34.0 9.48 9.48
20 30.2 9.37 9.37

solution B 100.0 8.95 8.95

measurements were made v/ith a plain glass electrode
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Tabl® 2 C 
(See graph 13)

Solution A 

°75 ial» dioxane

Curve (A)

Solution B 

75 Ml* dioxane

25 inl« HgO 25 ml. HgO

1 x 10 3 U acetylaeetone 1 x 10“^ M acetylaeetone

0.36 ml. 1.302 N NaOH O.36 ml. 1.302 N NaOH 

2 x 10“3 m NaCl

- Solution pH concentration of NaCl

A 10.88 0.00
* 5 ml (B) 10.85 (5/105) x .02 = 0.000953i • 5 ml 10.82 (10/110) " = 0.00182

’ 10 10.78 (20/120) " = 0.00332
10 10.76 (30/130) " = 0.00462

i 25 10.70 (55/155) " = 0.00710

This raixturo is solution (C)

45 ml solution (B) 0.02

. 10 ml (C)
10.35
10.40 (45 X .02 0.0071 x io)/55 = 0.0177

10 10.42 ( " " x 20)/65 = 0.0161
25 10.48 ( " " X 455/90 = 0.0136

- 25 10.50 ( " " x 70)115 = 0.0121
25 10.51 ( " " x 95)140 = 0.0112

Y'Li'tfL



Table 3 C 
(See graph 13)
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Curve (B)

Solution A

75 nil 8 dioxane

25 Eil» HgO

1 x 10““^ M acetylaeetone

Solution B

75 nil. dioxane

25 ml* li>0

1 x 10-3 M acetylaeetone

0.36 xnle 1*302 N NaOH O.36 ml* 1.302 N NaOH

Solution pH

0.00091? H BaCl2

Normality of BaCl2

(A) 10*89 0.00 ■ •
(A) 1 Ell* B 10.88 (1/101) x 0,000917 X 2 = O.OOOI83
1 10.86 (2/102) " - 0,000367

(7/107) ” = 0.001205 10.79
5 10.71 (12/112) " = 0.00196
5 10.64 (17/117) = 0.00266

10 10.50 (27/127) " = 0.00339
10 10.40 (37/137) " = 0.00495

(47/14?) 11 = 0.0053710 10.30
10 10.23 (57/157) " = 0.00665
10 10.17 (67/167) " = 0,00734
10 10.11 (77/177) " = 0.00798

This now is solution (C) '

20 ml* sln*(B) 9.65 0.01834 0.01834
10 ml. (C) 9.76 (0,01834 x 20 0,00798 x 10)/ 30 = 0.01495
10 9.82 ( " " >' x 20)/ 40 = 0.0132
10 9.8? ( " " " x 30)/ 50 = 0.0122
10 9.90 ( " ” » x 40)/ 60 = 0.0115
20 9.94 ( u 0 " x 60)/ 80 = 0.0106
40 10.00 ( " " " X 100)/120 = 0.00972

P'&y'



Table 4 C 
(See graph 13)

93

Curve (C)

Solution A 

75 ml. dioxane 

25 ml. 1^0

1 x 10“3 M dibenzoylmethane 

O.36 xnl. 1.302 N NaOH

Solution pH BaCl2 (Normality)

(A) 11.50 0.000
(A) 2 ml.
(B) 11.42 (2/102) x 0.02 ^ 0,000392
3 11.2? (5/105) n ss 0.000995
5 11,08 (10/110) ** =3 0.001815
5 11.90 (15/H5) tl ss 0.00261
5 10.73 (20/120) *» = 0.00334
5 10.55 (25/125) tl ss 0,00400
5 10,38 (30/130) tr s- 0,00463

10 10olO (40/140) 0.00572
10 9.97 (50/150) it = 0,00666
10 9.86 (60/160) 11 ~ 0.00750

This now io go lution 0

30 ml.(B) 9.34 0.020 = 0.020
10 nl.(C) 9.41 (0,01 x 30 0.00375 x 10 )/ 40 = 0.0166
10 9.46 ( " 11 x 20 )/ 50 = 0.0150
10 9.50 ( " t! x 30 )/ 60 = 0.0137
25 9.57 ( " tl x 5-5)/ 85 = 0.C119
50 9.63 ( " tl x io.5)/i35 = 0.0103
50 9.68 ( " It x i5.5)/i05 = 0.00952

Solution B 

75 ml, dioxane 

25 ml. HgO

1 x 10”3 II dibenzoylrsethane 

0,36 ml. 1.302 N NaOH 

1 x 10”3 M BaClo

f'U-W



Table 5 0

n =Co Chelating agent titrations

Tho solutions titrated?

75 ral« dioxane 

25 nl* EzO

5 x 10“4’ moles BaCl2 

5 x lo”'5' moles NaCl 

1 x 10*3 moles ICeH
r

The solutions v/ere titrated mth 1*302 N NaOH. The value for tho 

stochionetric midpoints are recorded*

t ’ 
i

*

Chelating group measured pH corrected for Ul­

1 CH3COCTI2COCH3 10.10 ic .50
2 CH, 10.00 10.40
3 O* ■O 9.90 10.30
4 ch3 9*60 10.00
5 a 9»30 940
6 0 9.10 9*50
7 gh3 Q 9.00 9.40
8 9- 5 O.80 9*20
9 ch3 Oj 045 9*15

10 8.65 9*05
ii 0 £> 8*35 8.75
12 QL O 8.25 8.65
13 cf3 6.00 6.40
14 OD- cf3 5*95 6.35
15 a cf3 5 060 6.00
16 cf3 5*30 5*70
17 of3 5»QQ 5.40
18 cf3 cf3 3*95 4.35

UH+ = 24 Un+ correction =0,41

The figures are rounded off to the nearest 0.05 pH units
ulated pH values are equal to the pK^ values for the bota-dikotones* 

See graph 4 and tables 7 B for the titration data*
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(See graph 14)

95

(n =0*5) Chelate compound titrations using the plain glass electrode

CH3 CH3 CII3 —* O 0— O CII3 -QJ

Burette pH Burette pH Burette pH Burette pH

0,00 6 »08 0.00 6.12 0,00 5«39 0.00 5.90
0.05 8.41 0,05 8.42 0.05 8.30 0.05 8.00
0,10 9.05 0,10 8.96 0.10 8.85 0.10 8.53
0.15 9.22 0.15 9.18 0.15 9.11 0.15 8.79
0.25 9.6? 0.26 9.60 0.25 9.43 0.25 9.13
0,30 9.81 0.31 9.71 0.30 9.60 0.30 9.29
0,38 9.99 O.36 9.90 0.35 9.75 0.35 9.45
0.40 10.09 0.40 10.01 0.40 9.90 0.40 9*60
0.50 10.33 0.50 10.30 0.50 10.17 0.45 9.72
0.60 10.57 o,6o 10.50 0.60 10.50 0.51 9.90
0.65 10.68 0.70 10.84 0.70 11.00 0.60 10.19
0,70 10.83 0.75 11.15 0,76 11.28 0.70 10.60
0.75
0.80
0.83

IO.99
11.28
11,50

0.80 11.58 0.80 12.20 0.75
0.79
0.81

10.95
11.2?
11.80

O — O "■— 9 CH3— 0 IP 9
urett© pH Burette pH Burette pH Burette pH

0.00 5.75 0.00 4.85 0,00
0.05 8.00 0.05 7.6? 0.05
0.10 8.31 0,10 8.10 0.10
0.15 0.55 0.15 8 »40 0.16
0.25 8.92 0.25 8.77 0.25
0.30 9.10 0,30 8.91 0,30
0.35 9.22 0,35 9.08 0.35
0.40 9.32 0.40 9,24 0.40
0.45 9.52 0.45 9.42 0.50
0.50 9 064 0,53 9,63 o»6o
o„6o 10.02 0,60 9.97 0.70
0.70 10.37 0.65 10.21 o.73
0.75 10.80 0.70 10.70 0.75
0,78 11,80 0.75 11.81
0.80 12,10 0.77 12.22

5.28 0800 5,27 
7.80 0.05 7,42 
3.14 0.10 7.81

9.45 ■ 0.46 9.03 
9.8? 0.50 9.19 

10.51 0.60 9.58 
IO.97 ' 0.70 10.14 
12,08 0.75 11.00
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Table 6 C (continued)

^ 1

CII3---- O g--~ g

Burette pH Burette PH

0,00 5*35 0,00 5.oo
0,05 7.20 0,05 7.22
0,10 7*76 0.10, 7.61

• 0,15 8,03 0.15 7.89
0.26 0,38 0.25 8.24
■0.31 8.50 0.30 8.41
o,35 8.59 o.35 8.58
0.40 0.78 0,40 8.71
0.45 8.90 0.45 8.90
0,49 9.oo 0.50 9.04
0,60 9o34 o.6o 9*48
0.71 9.78 0.70 10.60
0.75 10.11 0.75 12.10
0.78 10.70
o.8o ll.Qo a ppt . drop to 10

occurred at 10„60
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Tables 6 C (continued)

0 Q!„.- a ch3 — cf3 00““" cf3

Burette pH Burette pH Burette pH Burette pH

0 eOO 5.70 0,00 5.0? 0.00 3.72 0.00 3.77
0.05 7.28 0,05 6»8o 0*05 4.55 0.05 4,58
oao 7.52 0.10 7.32 0.10 5.14 0.10 5.00
0.15 7.71 0.15 7.55 0.15 5.40 0.15 5.33
0.25 8.00 0.25 7.06 0.25 5.69 0.30 5.33
0.30 8.10 0.30 8.05 0.30 5.85 o.35 5.95
0.35 8.26 O.36 8.17 0.35 6.00 0.40 6.02
0.41 8.42 0.41 8.34 0.42 6.15 0.50 6 a?
0.46 8.57 0.45 0.45 0.50 6.40 0.60 6.80
0.50 8.70 0.50 8.62 0.60 6.75 0.70 9.00
0.60 9.20 0.60 8.97 0.70 7.48 0,75 12.50
0.70 9.85 0,70 9.54 0.?2 3.5o
0.75 10.38 o.?5 10.40 0.77 12.10
o.?8 11,78 0,70 11.80

0 -- CF3 I?- cf3 -“ cf3 GF 3 —* gf3

Burette pH Burette PH Burette pH Burette PH

0.00 3.50 0.00 3.35 0,00 3,57 0.00 3.20
0,05 4.30 0.06 4.35 c,o5 3.90 0.05 3.50
0.10 4.60 0.10 4,65 0,10 4.24 0,15 3.68
0,15 4.95 0.15 4.78 0.15 4,45 0.25 3.80
0.25 5.32 0.25 5»oo 0,25 4,70 0.38 3.94
0.35 5»55 0.35 5.20 0.35 4.95 0.55 4,22
0.40 5.69 0.40 5.37 0,40 5.10 0.72 4.75
0.50 5.90 0.50 5.60 0.50 5.36 0.75 8,00
0.60 6,24 0.60 5.08 0.60 5.70
0.70 6.70 0.70 6.30 0,70 6,40
0.75' 7.40 0.75 6.90 0,76 0.25
o08o 12,00 ' 0,78 O.30
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Table ? C

pH, values measured under other conditions than n = 0«5 valueso

Chelating l/2Eci measured
pH

corrected
'To luma- 
pore ent

Refer to 
chelation

Groups pH for Uj| dioxan© titration

O COCH2C0O 0,030 10,60 11,00 73.5 46
O- ch3 0.030 10.45 10.85 73.5 47
CII3 ch3 0,030 10.45 10.85 73*5 48
ch3 0,021 10.10 10,55 73.8
ch3 0,030 10.05 10,45 73.5 44
0 0,030 10,00 10,40 73.5 49
<0 0,030 9,90 10.30 73.5 45

M 0*021 9.05 10.25 73.8
V 0,030 9.70 10.10 73.5 43

3?- 0,030 9.40 9«8o 73.5 42
CH-a O 0,021 9,15 9.60 73.8

O 0,021 9.15 9.60 73.8ca cf3 0,020 6,75 7.20 73*8
ch3 cf3 0,020 6,65 7.10 73.8
a .cf3 0,020 6,35 6»8p 73.8

cf3 0,010 6,25 6.75 74,5
cf3 0,020 5*80 6.25 73.8

cf3 cf3 0.010 4,40 4,90 74.5

The ions present at the point of determining pK^ are all monovalent 
for these measurements

Ujpi- for 1/2 Ec^ ~ 0.030 is 2®6 U-j+ correction = +0.40 
= 0 c.020 is 2*9 » +0.45
= 0.010 is 3o2 " = +0.50

The pH measurements recorded above for the trifluro and pjrridyl 

compounds were made at the point where Ke“ = KeH for the chelating 

agent titrations. There was no extra eloctroly&e added when the tri­

fluro compounds were titrated, but 1.1 x 10“3 moles of HC1 was added 

when the pyridyl compounds were titrated*

‘P'lr 1/ '/D i
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Table 1 D

Trifluro Compound Hydrolysis

Solutions Curve A

75 nil» dioxane, 25 ml. H2O, 4 x 10"^ molos of bonzoyltrifluro- 

acotono*

Solution: Curve B

75 ial« dioiouie, 25 ml* 4 x 10"^ molos of benzoyltrifluro- 

acetone and 1 x 10“^ moles of copper chloride*

Both solutions v;ere titrated with 1*302 N NaOH

Curve A Curve B

Burette pH Burette pH

0*00 4.60 0,00 1.54 solution leaf green
0.05 5.40 0.10 1.59
0*1? 5*75 0.25 1.65
0.25 5«8o 0.50 1.78
0*50 5.98 0.75 1.93
0.75 6.10 1.05 2*09
1.00 6.15 1.50 2,40
1.50 6.33 2.00 3.10
2.00 6.58 2.25 5.50 5.26 ppt. coming down light
2.50 6.91 2.35 5.80 green in color
2.75 7*20 2.52 6.30
2.80 7.34 2.75 6.76
2.8? 7.48 2*85 7.11
3.00 8.10 3.00 8.10
3.05 9.70 3.10 9.30
3*26 11.95 3.20 9.79
3.35 12.01 3.30 10.10

3.50 10.28 ppt. dissolving^the solution
3.75 10.41 is becoming clearer and more
4 #00 10.54 blue, Cu(0H)2 forming*
4.50 10.74
4.75 11.67 sin. deep brown in color*
5.oo 11.9? hydrous copper.oxide forming
5*10 12,00

As a general rule the triflurobets-diketone copper chelate

hydrolyze around a pH of 10.

f~'L v '/*
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Table 2 D

The formation constant calculations for the trifluro-beta-diketones®

R = The end c**oup other than -CF3

Group A:

25 ml* H20 and 1 x 10”-3 H CuCl2 added to ?5 ml. dioxane and 4 x 10“^ 

raoles o|* chelating agent.

Group Bs

23 xnl, HgO, 2 nil. !L.142 N HG1,, and 1 x :10~3 M CuCl2 added to 75 ml

dioxane and 4 x 10“3 molos of chelating agent*

Group 3 “ uH+ = 2.35

R pH A n KeH log HVKeH

CD 1.12 0.0321 0.0228 0.93 0.0307 0.018
CO- 1.13 0.0315 0.0228 0.8? 0.0313 0.000

1.13 0.0315 0.0228 0.8? 0.0313 0.000O 1.09 0.0345 0.0228 1.17 0.0283 0.086
1.07 0.0362 0.0228 1.34 0.0266 0.133
1.10 O.O338 0.0228 1.10 0.0290 0.064

Group A 1“ UR == 2.7

R pH H+ FT KeH log H+/KeK

CD- 1.48 0.0123 1.23 0.027.8 “ 0.355ca 1.51 0.0115 1.15 0.0286 “ 0.397
1.42 0.0141 1.41 0.0259 - 0.264D 1.39 0.0151 1.51 0.0249 - 0.218

9- 1.35 0.0165 1.65 0.0235 - 0.152
9- 1.39 0.0151 1.51 0.0249 - 0.216



Table 3 D 

Hoxafluroacotono

* »
: ■ Curvs As 75 nil. dioxane» 25 ml. ^0, 1*7 x 10"^ mole hoxa-

fluroacetono.

Curve Bs 75 zdi dioxane, 23 ml* %0, 2 ml® 1.142 N HOI, 1 x 10"^

mole CuCl2 and 3*4 x 10”3 mole hexafluroacetone.

Titrate mth 1*302 N NaOH

See graph 5 B

\

i
V4

Curve A Curvo B Curve B (coni«)

Burette pH Burette pH Burette pH

0*00 3.42 0.00 1.2? 3.00 3*70
0.05 3*82 0.25 1.32 3.25 3.95
0.10 3.98 0.50 1.39 3.50 4.20
0.20 4.10 0.75 1.49 3.75 4.41
0.30 4.20 1.00 1.59 4.00 4.65
0*50 4.34 1.25 1.73 4.25 4.82
0.75 4.50 1.50 1.92 4.50 5.11
1.00 4.78 1.75 2.24 4.75 5*25
1.25 5.65 2.00 2.98 2.73 5.00 5.45
1.40 11.55 2.25 2.87 drop 5.51 8.70
1.50 11.74 2.50 3.21 5.75 11.20

2.75 3.49 6.00 11.70

Table 4 D

Chelate compound formation data using =2*3 leg* = 4*35 

and n = [Na+ - A+H+ - ^ - p (T^ A - Na+ - H+ •> jpQ/TCu++

The KeH values above pH 3 were determined from - Na+ + A ^ KeH

'f'hy'/0 7
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Table 4 D (continued)

El
Base V Na+ A pH H+ Kd/H+

2,00 101" ' 0.0258 0,0226 2.73 0.00081 0,0553
2.25 101 0,0294 0.0226 2.8? 0.00059 0.0765
2,50 101,5 0,0321 0.0225 3.21 0*00029 0.156
2.75 101.7 0.0350 0.0224 3.59 0.00014• 0.319
3.00 102 0.0383 0.0224 3.70 0.000087' 0.515
3.25 102 0.0415 0.0224 3.95 0.0000487 0.920

TCu++ n KeH H+/KeH log H+/KeH

0.0099 0.23 0.0314 0.0258 - 1.59
0.0099 0.54 0.0283 0.0209 ~ 1.63
0.0098 0.63 0,0239 0.0l21 - 1,92
0.0098 0.63 0,020? 0.0068 ~ 2.17
0.0097 0.72 0.0174 0.0050 - 2.30
0.0097 0.61 0,0142 0.0034 - 2,46

Y'hTs-hX
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Hexafluroacetone Titrations Description 

(See table 3 0 and graph 5 B)

Cur-re A?

This compound has the largest value of the flourine bota" 

diketonea studied. In spite of this it is one of the slov/eat to

react with NaOH.

It requires over three hours to titrate 2 x lO”^ moles of the 

material by itself with 1.302 N NaOH.

Upon adding base to the solution the pH rises immediately to 7 

then falls, after a few seconds, quickly at first, then progressive- 

ly less rapidly toward an equilibrium value. The solution of this 

compound stays at high pH values much longer then the other solutions 

titrated, before dropping occurs.

Curve B: The chelation titration-

There is no apparent chelation at the start of this run. The 

color of the initial solution is that v/hich would be expected for 

copper chloride alone.

The additions of 1»3P2 N NaOH over the first 1.75 ml. of tho 

titration resulted in the quick establishment of equilibrium, almost 

instantaneous. This part of the titration is principally an acid- 

base reaction. Upon adding tho ml. = 2.00 addition of base pH 

dropping occurred. Tho solution required better than two hours to 

como to equilibrium. The next addition was given overnite to cone 

to equilibrium and tho following ones approximately two hours apiece. 

These long period intervals were characterized by the following cycles
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le Base is added*

2. Cu(OH)2 precipitates in highly dispersed forau,

3* The pH meter indicates a very slor/ly dropping pH as long as 

the precipitate is present, Put as the solution clears the pH reading 

drops more rapidly*

4* The solution, after clearing, has changed from the former 

copper blue color to a green tint«

5» Equilibrium is established in about an additional 15 minutes« 

Beyond the ml. =3*5 base addition, the solution no longer becomes 

completely clear*

The precipitate at all points appears to be a mixture of the 

chelate and hydroxide*

The chelation curve is continuous mth the chelating agent 

titration curve and the copper cholato hydrolysis curve*

At ml* 4,5 the precipitate becomes more b3.uo in color showing 

definite increase in hydrolysis*

Beyond ml# NaOH = 3»5 hydrolysis is evidently prevalent along 

with tho titration of the excess ketone.

The titration was continued up to a pH of 11*9* .Upon adding 

the ml# = 5®75 addition of base the pH rose to 11#5 falling to 11*2 

overnite. Even at the pH of 11.9 there was no .decomposition to the • 

hydrous oxide of copper as has occurred in other cases. The cloudy 

precipitate still maintains a bluo-green tinge showing that a tendency 

toward chelation still persists#

•r c.

*v
v

• „
' l •

*

;

*
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Titrations - group one 

(See graph 6)

Table 5 D

106

< < ^ -

> t Run 42 - 2“thonoyl-2“furoylr!iothane Run 43 - di-2-thenoylnethane

Burette pH Burette pH

0.00 1.69 1.60 8.30
0.12 1.74 1.75 8.79
0.20 1.79 2.00 9.20
0.25 1.82 2.25 9.51
0.50 2.00 2.50 9.80
0.75 2.24 2.75 10,50
1,00 2.53 2,85 11,25
1.25 2.99 2,90 11.50
1.40 3.49 3.02 11,61
1.50 5.62
1.55 7,88

TKeH " 3.65 x 10“3 mole

r
Rim 44 - 2-thonoylacetone

Burette pH Burette pH

0,00 1,77 1.75 9.33
0.10 1.83 2o00 9.75
0.20 1.89 2.25 10,00
0.26 1.95 2.50 10.23

' 0.50 2.15 2,75 10.50
0.75 2.41 2.90 10.72
1.00 2.75 3.00 10.95

* 1.25 3.25 3.10 11,22
1,40 3.68- 3.20 11,60

t ' 1.50 4,04 3.50 11,80
■ • 1.55 8.55

*1 1.60 8,83

Burette pH Burette pH

0.00 1.69 1.60 8.50
0.10 1.72 1,70 8.90
0.20 1.79 1.80 9.13
0,25 1.82 2.00 9.40
0.50 2.00 2.25 9.69
0.75 2.21 2.50 9.97
1.00 2,50 2.75 10.30
1.25 2.88 2,05 10.52
1.40 3.33 2.95 10.99
1.50 4.29 3.00 11.43
1.55 7,69 3.10 11.72

3.25 11.86

TKeH “ 3.90 X 10“3 mole

Run 45 - bon;30yly2~furoylinothane

Burette pH Burette pH

0,00 1.72 1.75 9.20
0,20 1,82 2.02 9.6?
0.26 1.88 2.25 9.95
0.50 2.09 2,50 10.25
0.75 2.37 2.75 10,72
1.00 2.70 2.85 11,11
1.26 3.19 2.95 11.60
1.40 3.68 3.00 11.65
1.50 4.41 3.25 11.83
1.57 8.10
1,70 8.79

TKeK = 3»?o x 10”3 mol©

t

f 'bis
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Table 5 0 (continued) 

Titration - group on©

Run 46 - dibanzoylraothone

Burette pH Burette pH

0.00 1.80 1.60 9.2?
0.10 1.86 1.70 9*77 v
0.20 1.93 1.75 9.84
0.25 1.98 2.00 10.29
0*50 2*20 2.25 10*50
o»75 2«48 2,50 lo.?3
1.00 2.81 2*75 11.00
1.27 3.2? 3.oo 11.60
1.40 2,79 3*15 11,92
1.50
1.55

3.39
4.08

3*25 12.00

ppt* formed at ml. = 1*27 
pH dropped to 2*50

Run 48 acetylacotone

Burette pH Burette pH

0,00 1*83 l.6l 9.29
0,10 1.90 1.75 9.83
0,20 2,00 2,00 10.16
0.25 2.04 2,25 10.3?
o.5o 2.29 2,50 10,5?
0.75 2*59 2*75 10,81
1,00 2.95 3.01 11.27
1,25 3.42 3.10 11,65
1.40 3*90 3.20 11.79
1,50 5*43
1*55 9.10

Run 4? - 'benzoylacotone

Burette pH Burette pH

o.OO l,8l 1,60 9.4?
0.10 > 1,87 1.75 9*83
0,20 1.97 2,00 10.17
0,25 2,00 2,25 10,40
0.50 2*25 2.50 10,59
o.75 2*56 2.75 10,83
1.00 2.92 2.88 11.10
1,25 3.42 3.00 11.27
1.40 3,97 3*10 11,60
i»5o 8.53 3.20 11*76
1.55 9.04 3.35 11,83

Run 49 ~ benzoyl-2-thenoylmethane

Burette PH Burette pH

0.00 1.74 1.60 9.03
0.10 1.79 1.75 9*48
0.20 1.8? 2.00 9.78
0.25 1.90 2.25 9*98
0.50 2.11 2,50 10.18
0.75 2.38 2.75 10*42
1*00 2*6? 3.00 10*?1
1*25 3.13 3*10 10,9?
1,40 3*49 3.20 11*31
1.50 4*30 3.25 11*47
1*55 8.60

^Keli " 4»l8 z 10“3 eoIo



Group one chelate compound formation constants calculations

For these runs ~ 2„70

Table 6 D

\ Run 42 ~ 2-th'enoyl~2-furoylmethano

mlo
Base V Na+ pH K* n

h- ■ 0.00 100.0 0.000 1.69 0.00755 0.0100 0*755
* ✓ 0.20 100.2 0.00260 1.79 0,00600 0.00998 0.862
\ 0.25 100.2 0.00325 1.82 0.00559 0.00998 0.886

0.50 100.5 0.00648 2.00 0.00370 0.00996 1.02
J . o.75 100.7 0.00970 2.23 0.00215 0.00994 1.19

* - 1.00 101,0 0.01290 2.53 0,00109 0.00990 1.41
1.25 101,2 0.01608 2,99 0.00038 0,00988 1.66

- 1.40 101.4 0.01800 3.49 0.00020 0.00986 1.85

TKeH KoH log H+/KeH

- 0.0365 0.0290 _ 0,584
0,0364 0.0278 - 0.665<■ 0.0364 0,0276 - 0.694
O.0363 0.0261 - 0,848

* 0,0362 0.0244 - 1.052
' 1 . ‘ 0.0361 0.0221 - 1.305

0.0360 0.0195 - 1.713
. \ 0.0360 0.0178 - 1.950

■*1
* Run 43 - di-2-thenoylmethane

ml.
Base V Na+ pH if TCu++ n

0.00 100,0 0.000 1,69 0.00756 0.01000 0.756
0.10 100.1 0.00130 1,72 0.00705 0.00999 0.836

- 0.20 100.2 0.00260 1*79 0.00600 0.00998 0.862
0.25 100.2 0.00325 1.82 0,00560 c.00998 0,88?
0.50 100.5 0.00648 2.00 0 000370 0.00996 1.02

- 0.75 100.7 0,00970 2,21 0,00228 0.00994 1,20
1.00 101.0 0.001290 2^50 0.00117 0.00990 1.42

t
<

1.25 101.2 0.01608 2.88 0,00049 0.00988 1.67
1.40 101.4 0.01800 3.33 0.00017 0,00987 1.84

\

TKeH KeH log HVKeH
i. * % 0.0390 0.0314 - 0.619

> 0.0390 0.0306 - 0.647
f 0,0389 0.0303 ~ 0.703

» » 0.0389 0.0301 - 0.738
• 0,0388 0.0286 - 0.888* 0.0387 0.0267 - 1.067

J 0.0386 0.0245 - 1*319
0.0385 0.0219 - 1.649
0;0385 0.0203 - 2.069

T'bis-ny
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Table 6 D (continued)

Run 44 - 2-ihenoylacetone
Ell#

Base V ila+ pH H+ TCu++ E

0.00 100.0 0.000 1.77 0.00630 0.01000 0.63
0.10 100.1 0,00130 1.83 0.00550 0.00999 0.68:
0.20 100.2 0.00260 1.89 0.00480 0.00998 0.74;
0.26 100.2 0.00338 1.95 0.00415 0.00998 0.75:
0.50 100.5 0,00648 2.15 0.00263 0.00996 0.91
0.75 100.7 0.00970 2.41 0.0014? 0.00994 1 «lj
1.00 101.0 0.01290 2,75 0.000646 0.00991 1.38
1.25 101,2 0.01608 3.25 0.00020? 0.00988 1.65
1.40 101.4 0,01800 3,67 0.000078 0.00987 1,82

TKeH KeH 1oS hVKoK

0.0400 0,0337 - 0,728
0.0400 0.0332 - 0,779
0.0399 0.0325 - 0.832
0.0399 0.0324 - 0,892
O.0398 0.0307 - 1.066
0.0397 0.0285 - 1.284
0.0396 0.0261 “ 1.604
0.0395 0.0232 - 2.049
0.0395 0.0214 - 2.438

Run 45 - benzoyl-2-furoylneihane

Fill#
Base V ■ Ha4' pH H+ T/, ++Gu n

0 ©00 100,0 0.000 1.72 0.00702 0.0100 0.70:
0 c. 20 100.2 0.00260 1.82 0.00560 0.00998 0.82'
0.26 100.3 0.00338 1.88 0.00489 0.00997 0.82
0.50 100.5 0.00648 2.09 0.00300 0.00996 0.95
0.75 100.7 0,00970 2.37 0 0OOI58 0.00994 1.13
1.01 101.0 0.01300 2.73 0.00069 0,00990 1.32.
1*26 101.3 0.01620 3.19 0.00024 0.00988 1,66
1.40 101.4 0.01800 3,68 0o000?8 0.00987 1,83

TKeH KeH log HV^eli

0.0378 0.0308 - 0.642
0.0377 0.0295 - 0.721
0.0377 0,0294 - 0.779
0.0376 0.0281 - 0,970
0.0375 0.0262 - 1.22
0.0374 0.0237 - 1.54
0.0373 0,0209 - 1.94
0.0373 0.0192 - 2.39
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Table 6 D (centinusd)

Run 46 - dibenzoylmothans

Base V Ns7 pH K TCu+* n

0,00 100,0 0,000 1.80 c ,00304 0.01000 0.584
100.1 o .00130 1,86 0.00511 0,00999 0.642

0.20 100.2 0.00260 1.93 0.00435 0.00998 0,697
0,25 100.2 0.00325 1.98 0.00388 0.00997 0.715
0.50 100.5 0.00648 2,20 0.00234 0,00996 0.886
o0?5 100.7 0.00970 2.48 0.00122 0.00994 l.io
1.00 101.0 0.01290 2,81 0,0005? 0.00991 1.35
1.25 101.2 0.01620 3.27 0.00020 0.00988 1.66

TKeII KeH leg iryKeH

0.0400 c.0342 - 0.767
0.040G 0.0336 - 0.814
0.0399 0.0330 - 0.879
0.0399 0,0328 - 0.924
0,0398 0.0310 - 1,12
0.0397 0.0288 - 1,37
0.0396 0,0261 - 1.66
0.0395 0.0231 2.06

Rim 47 - benzoylacetone

ml.
Base

V Na+ pH
•5-

II TCu++ n

0.00 ■ 100,0 OoOOQ 1.81 C .00574 0,01000 0.574
0.10 100.1 0,00130 1,87 0.C0500 0.00999 0.631

100,2 0.00260 1»9? 0.00396 0,00998 0.657
0.25 100.2 C.OO325 2.00 0.00372 0,00997 0.699
0,50 100,5 0.00648 2.25 0,00208 0.00996 0.858
g.75 100.7 0.00970 2.56 0.00102 0,00995 1,08
1,00 101.0 0.01290 2,92 0 *00045 c,00991 1.35
1,25 101.2 0,01608 3*42 - 0,00024 0,00988 1,65
1,40 101.4 0.01800 3,97 4.0004 0,00987 1,83

tKoII KeH lo,g hVKgII

C ,0400 0.0343 ~ 0.776
0,0400 0.0337 0,829
0,0399 0.0333 0.924
0.0399 0.0329 0,946
0.0398 0.0312 1.18
0,0397 0,02.90 1.45
0.0396 0.0263
0.0395 0.0233 . 2.22
0.0395 0.0215 - O I7I24^ <L' } ,i
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r * * Table 6 D (continued)

{ , Run 4-8 - acetylacotone
&

"»jt

.

►

ml o 
Base V Ha* pH H+ TCu++ n

0.00 100.0 0.000 1.83 0.00545 0,00100 c .545
0.10 100.1 0,00130 1.90 0.00466 0.00999 0,597
0,20 100.2 0,00260 2.00 0.00370 0.00998 0,632

a 0.25 100.2 0.00325 2.04 0.00336 0.00998 0 *663*
0.50 100.5 0.00648 2.29 0,00190 0.00995 0,840
o»75 100.7 0,00970 2.59 0,00095 0.00992 1.07
1.00 101.0 0.01290 2.95 0.00042 0.00990 1,34

_• 1.25 101.2 O.OI608 3.42 0.00014 O.OO988 1.64
* 1.40 101.4 0.01800 3.90 0.00005 0.00987 1,83

TKeH KeH log H+/KoH
i

0.0400 0.0345 - 0,800* 0.0400 0.0340 - 0,862
0.0399 0.0336 - 0.958

-*. ,, 0.0399 O.0333 - 0,995
> 0.0398 0.0314 - 1.22

0.0397 0.0290 - 1.49 1

0.0396 0.0263 - 1.80
^ * 0.0395 0.0233 - 2.21

i 0.0395 0.0215 - 2.67

Run 49 ~ benzoyl-2-ihQnoylmethan9

f ml.
Base V Na+ pH H+ W+ n

0,00 100.0 0.000 ■ 1.74 0.00675 0.00100 0.675
0.10 100.1 0.00130 1.79 0.00600 0.00999 0,731
0.20 100,2 0.00260 1.8? 0.00500 0.00998 0.762

. 0.25 100.2 0.00325 1.90 0.00470 0.00998 0.797
0.50 100.5 0.00648 2.11 0.00288 0,00995 0.933

/ 0.75 100.7 0.00970 2.38 0.00154 0.00992 1.13
1.00 101.0 0.01290 2.67 0.00080 0.00990 1,33
1.25 101.2 0.01608 3.13 0.00028 0.00988 1.66

(' » 1.40 101,4 0,01800 3.49 0.00012 0.00987 1,84
“■ «

*

*,
V^ *

TKeH KeH log H+/KeH

0,0418 0.0350 - 0.716
» 0,0418 0.0345 - 0.759

« " 0.041? 0.0341 - 0.833
i * ," 0.0417 0-0338 - 0.856

% 0.0416 0.0322 - 1.05
0.0415 0.0303 - 1.29
0.0414 0.0277 - 1.54
0.0413 0.0249 - 1.96
0.0413 0.0232 - 2.29

T'lcV'llk
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Tati© 7 D

GuK02 Fon-oation Constants

PKd G1 cav c2

10,50 -0.77 -1.40 -2.04

10.40 -0.71 -1.34 -1.97

10.30 -0.67 “1.25 -1.85

10.00 “0.57 -1.16 -1.76

9.70 -0.52 -1.11 ”1.71

9.50 -0.36 -1.02 -1.70

9.40

9.20 -0.30 -c.86 -1.45

9.15

9.05 -0.27 -0.84 -1.40

0.75

8*65

6,40 0,19 -0.06 -0.26

6.35 0.43 “0.10 -0.65

6 *00, 0.65 0.23 -0.20

5,70 0..05 0.42 0,00

5.40 0 .46 0.18 -0.20

4.35 “1.65

log % loeKav log K2

9*73 9.10 8.46

9.68 9.06 8.43

9.63 9.05 8.45

9.43 8.84 0*24

9.18 8.59 7.99

9.14 8.48 7.80

8.90 8.34 7.75

8.78 8.21 7<.65

6.59 6.34 6.14

6.78 6.25 5.70

6.65 6.23 5.80

6.55 6.12 5.70

5»86

2.70

5«58 5.20
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