Oak Ridge National Laboratory on the high purity of
these samples. Assistance with wavelength calcu-
lations was given by W. Lyle, R. Cross, and R.
Murphy, anﬁ the direct-current arc spectrograms
were made by W. Bozman.
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Dissociation Constants of 4-Aminobenzophenone Calcu-
lated From Ultraviolet Spectra at Several Temperatures
By Elizabeth E. Sager and Iris ]. Siewers

Many of the physical-chemical properties of compounds of low solubility are difficult

to determine because of the necessarily emall concentrations of material.

In many cases

advantage may be taken of measurements of the absorption spectra if the bande oecur in
favorable ranges of the spectrum. The diphenyl ketones fall in this eategory and have been

the subject of recent studies.

" The ultraviolet absorption spectra of zeveral concentrations of benzophenone, 4-amino-
benzophenone, and 4,4'-diaminobenzophenone have been measured and their molar absorb-
encies determined. The dissociation of 4-aminohenzophenone, a weak base, has been care- L4

fully studied at temperatures from 10° to 40° C in 5-degree steps.

Dissociation constants

for each temperature, as well as activity coeflicient terms, have been caleulated. The heat

of dissociation has also been determined.

I. Introduction

The acidic or basic properties of many slightly
soluble compounds have not been determined because
of experimental difficulties in applying the usual
titration or electromotive-force methods to very low
concentrations. Diphenylketones, such as benzo-

henone, 4-aminobenzophenone and 4.4’-diamino-
Eenzophenone, are practically insoluble in water and
fall in this category. They are colorless in aqueous
solution, but their aromatic structure suggests that
their ultraviolet spectra may be used to study some
of their chemical properties. Accurate spectro-
photometric measurements of concentrations as low
as 10™* or 10~ molar can now be made at many
temperatures. The observed changes in spactral
absorbancy with changes in hydrogen-ion concen-
trations can be used to calculate dissociation con-
stants and other related thermodynamic quantities.

The molar absorbancies of the molecular and ionie
states of benzophenone, 4-aminobenzophenone, and
4 4’ diaminobenzophenone were first determined and
compared. The parent compound, benzophenone,
has no group to lonize, and its spectral curves are
identical whether the material is in aqueous, acid, or
basic medium. 4-Aminobenzophenocne is a weak
base and does not dissociate appreciably in aqueous
solution, as demonstrated by identical curves of the

free base in water and in various concentrations of
alkali. Moderately strong acid is required $o effect
complete dissociation, as evidenced by the entirely
different absorbancy curve in the near ultraviolet.
4,4’-Diaminobenzophenone has two groups whose
dissociation ranges overlap, and exfensive experi-
mental data will be required to determine the
constants.

A comprehensive study of the dissociation of 4-
aminohenzophenone has been made at several tem-
peratures, and the constants at 10°, 15°, 20°, 25°,
30°, 35°, and 40° C have been calculated and are
reported in this paper. Hydrochloric acid was used
to control the hydrogen-ion concentrations at various
stages during the dissociation. The contribution of
the 10~%-M base to ionic strengths of 1072 and 1020
hydrochloric acid is so small that it can be neglected—
thus the hydrogen-ion eoncentration may be taken
as that of the known amount of hydrochloric acid.

The limiting spectral absorbancy curves of the free
base and of the tonized compound do not change with
change in temperature in the range studied, which is
very fortunate. At a given temperature, then, all
changes in absorbancy for one dissociation series may
be attributed solely to the dissociation reaction.
Another favorable factor is that 4-aminobenzo-
phenone dissociates over & pH range of 1 to 3, where
the temperature has little influence upon pH values.
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For instence, the pH of 0.005-M hydrochloric acid
on a comparative scale at 10° C is 2.332, and at
40° C it is 2.334, a negligible difference.

The concentration constants for the dissociation
are determined in the following manner., The degree
of dissociation and resulting ratios of free base to
ions are calculated from the absorbancy data. The
hydrogen-ion concentrations are known from the
amounts of hydrochloric acid in the solutions. The
products of tﬁe hydrogen-ion concentration and the
ratios of free base to ions give the concentration
constants, K,. By plotting —log, &, as a function
of ionic strength, practically straight lines with
slight slopes are obtained that may be extrapolated
to infinite dilution for estimated —log,K,, or pK,
values for each temperature. The activity coefli-
cient terms for the weak base can also be expresscd
as a funetion of ionic strength. Employing the
usual thermodynamic equations, the heat of dissocia-
tion, AH, may also be calculated.

1. Experimental Procedure
1. Materials

Benzophenone was obtained from Fastman Kodak
Co., and 4-aminobenzophenone and 4,4’-diamino-
benzophenone were obtained from Dow Chemical
Co. The benzophenone, a white crystalline com-
pound, melted at 48.6° to 49.2° C, The 4-amino-
benzophenone, a pale yellow crystalline compound,
meltetf at 123.0° to 123.4° C. The 4,4'-diamino-
benzophenone, & yellow crystalline material, melted
at 244.1° to 244.4° C, :

Hydrochloric actd of reagent grade was used to
make stock solutions, 107-M, for the majority of
the dilutions. Stronger acid was required in some
cases for determining limiting absorbancy curves,
Sodium hydroxide, approximately 10--M, was pre-
pared free from carbonate, from which weaker con-
eentrations of alkali were made. Conductivity
water was used to dissolve the compounds under
investigation and in making all stock solutions and
subsequent dilations.

2. Equipment

A model DU Beckman spectrophotometer was
modified with a constant-temperature cell compart-
ment of our own design.! The cell compartment is
egsentially a metal-box air bath, jacketed on all
sides, top, and bottom, through which water cir-
culates from a constant-temperature bath.? It was
designed especially to accommodate large cylindri-
cal absorption ecells of 38-mm inside diameter,
deseribed In previous publications [1, 2, 3].% The
cells are Pyrex cylinders of 1-, 2-, and 5-cm length
with openings for filling and emptying and are fitted
with removable end-plates of crystalline quartz.
mtem ature eell cornpartment was designed with the aid of
'W. 8. Hertstein, draftsmsn, of the Instrument Shop of this Bureau, who mede
many helpful snggestions. iw. Lund, alse of the Instrument Shop, constructed

the metal box, metal holders, and other parts necessary to maodify the insirument,
* A 16-gallpn constant-ternperaiure bath of American Instrument Co. design

was used.
. ? Figures In brackets indicate the liternture references at the end of this paper.

The cell assemblies are held together with metal
containers and screw caps, using Bakelite and
rubber gaskets. All cells, end-plates, and metal
parts were made at this Bureau. One complete
cell assembly measures about 44 mm in over-all
diameter and 60 mm in over-all length. To allow
passage of the radiant ene from the exit slit
through the cells and solutions to the photocell
compartment, two round openings about 22 mm in
diameter were made in opposite sides of the water-
jacketed box. Only two cells can be accommodated.
Each cell is held in a metal cradle attached to a
sliding rod, by which mechanism they can be placed
alternately in the path of radiant energy. The
metal housing with the source of energy was moved
back about 1 in. so that it is not in contact with
the metal walls of the cell compartment,

3. Temperature Control

The water bath was maintained at the desired
temperature, between 10° and 40° C within +0.1
deg C. Water, initially at the bath temperature,
circulates through four lengths of hose attached to
the two inlets and outlets of the cell compartment
and cover in the room at 25° C. Consequently, the
temperature within the cell compartment is not
exactly that of the water bath when it is above or
below 25° C. The temperatures reported are read-
ings taken from & thermometer with only the
mercur{—bulb tip inserted in a rubber stopper in the
removable top. Care was taken not to allow more
than the tip of the thermometer inside the box during
spectrophotometric observations, so that extraneous
light could not be introduced. In order to shorten
the time for the solutions in the cells to attain the
desired equilibrium temperature, several volumetric
flasks containing the solutions for a series were
placed in wire baskets that were suspended in the
water bath, The cells were emptied, washed, and
filled in the room st 25° C, and 30 min or more was
allowed for the solutions in the cells to attain econstant
temperaturs.

4. Spectrophotometric Observations

The transmittancy readings were made at wave-
length settings 2 my apart over the ultraviolet range
of 210 to 400 my, inclusive. Usually the maxima
and minima of the bands were first read, then the
series of observations recorded at even wavelengths
from 210 through 400 mu. A check of the values
at selected wavelengths was then made in reverse
order. In this manner any change or trend in the
transmittancy readings could usually be detected.
A period of 30 to 40 min was required to make 160
or more observations. The reproducibility of trans-
mittancy observations was usually within +£0.1
percent. :

5. pH Measurementis

In this study pH measurements were used only as
a cheek on the prepared solutions, as hydrogen-ion
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concentrations were the known hydrochloric acid
concentrations. All solutions were measured with
commercial glass-electrode assemblies at 25° C. A
Cambridge pH meter was used for most of the meas-
urements, but Beckman and Leeds and Northrup
instruments were also employed. :

III. Molar Absorbancies of Benzophenone,
4-Aminobenzophenone, 4,4’-Diaminoben-
zophenone

Spectrophotometric measurements of various con-
centrations of benzophenone, 4-aminobenzophenone,
and 4,4’-diaminobenzophenone were made using 1-,
2-, and 5-cm absorption cells. This was done first to
check the validity of the Beer-Lambert law of ab-
sorption, which states that at any given wavelength
or wave number

GM=AS/ E’M (1)

in which @, is the molar absorbancy index, 4, is the
specific absorbancy of the sample (—logy, trans-
mittancy), b is the depth of solution In centimeters
through which the radiant energy peasses, and M
is the molar concentration of the absorbing com-
pound. One may vary the concentration of the
compound or change the depth of solution by using
different cell lengths, and if the same curves of molar
absorbancy index are obtained over the spectral
range of observed wavelengths, then A4,/0M is a
i:.onstant and there is conformation to the absorption
aw.

The three eurves in figure 1 represent the molecu-
lar, or undissociated, states of benzophenone, R;
4-aminobenzophenone, RNH;; and 4,4’-diamino-
benzophenone, R (NH,). in aqueous or afkeline solu-
tion at 25° C. Molar absorbancy index is plotted as
a function of wave number with the corresponding
wavelengths shown at the top of the figure. Benzo-
phenone has s maximum molar absorbancy index of
17,300 at 38,760 em™! (258 mu). 4-Aminogenz0phe-
none shows a maximum absorbancy index of 15,900
at 30,100 em™! (332 my) with a secondary band of
11,900 index at 40,800 em™" (245 my). 4,4’-Diamino-
benzophenone shows greatly increased absorbancy
with & main band of 23,500 index at 29,600 em™!
(338 mu) and & secondary band of 13,000 index at
42 400 em™! (236 muy).

The same curve is obtained for benzophenone
whether in aqueous solution, or acid or alkaline
medium, as it has no group to dissociate. Also tho
curves are the same for the two amino compounds
whether in aqueous solution or in alkali, demon-
strating the fact that in water they do not dissociate
appreciably but remain as free bases in the molecu-
lar state. To avoid confusion, the curves for the
ionic states or ‘the dissociated states of the amino-
benzophenones are not given in this graph. How-
- ever, they are similar to the curve for benzophenone
with slightly increased absorbancy and slight shift
of their bands of mazimum absorbancy to higher
wave numbers.
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Figure 1. Comparison of the ullraviolel ghsorption spectra o
benzophenone, R, 4-aminobenzophenone, RNH,, and 4,4'-
diaminobenzophenone, R(NH;),.

IV. Calculation of Dissociation Constants
of 4-Aminobenzophenone from Spectral
Data

1. Spectral Absorbancy Data
A typical set of transmittancy measurements over
the ultraviolet range of the spectrum for a dissocia-

tion series is shown in figure 2. They are of 4-
aminobenzophenone, 5X107%-A3 in l-em cells at

" various hydrogen-ion concentrations at 25° C given

in table 1. The observed transmittancies i per-
centage are plotted as a function of wavelength.
The free base, or undissociated 4-aminobenzo-
phenone, is represented by curve 17. The com-
pletely dissociated compound is plotted as curve 1,
and the 15 intermediato curves represent the partially
dissociated base at various stages at known hydrogen-
ion concentrations. It is readily seen that the two
limiting curves, 1 and 17, intersect each other at
three points, giving at least two well-defined isos-
bestic points at 242 my and at 283.5 my, which hold
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Frgure 2. Transmillancy curves of j-aminobenzophenone as

the free base (curve 17), the dissociated compound {(curve I),

and 1§ inlermediate stages during the dissocialion.
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Fieune 3. Molar ebsorbancy curves of j-aminobenzophenone
as the free base (curve 17), the dissociaied compound (curve f),
and 15 infermediaie stages during the dissociation.

for the entire series. The constancy of these points
of equal transmittency or absorbancy iz very im-
portant in that it indicates purity and stability of the
compound, and also that only one reaction is taking
place, in this case, that of dissociation.

The same data are presented in figure 3, with molar
absorbancy index X102 plotted as a function of
wave number with the corresponding wavelengths
given at the top of the figure. Curves 1 and 17
represent the dissociated and free base, respectively.
As the concentration of hydrogen-ion is increased
the broad band of the free base at 30,100 em™!
decreases, until upon complete dissociation there is
almost negligible absorbancy. One might assume
that sufficient acid would suppress this band com-
pletely, but high concentrations of acid were found
to cause other chemical changes, indicated by some
changes in absorbancy at higher wave numbers and
a slight shift in the isosbestic points. The limiting
eurve for the dissociated state was very carefully de-
termined using 0.3-, 0.4-, 0.5-, 0.6-, 0.81-, 1.0-, and
2.0-M hydrochloric acid. At 0.6-M acid, the absorb-
ancy at wave number 30,100 was lowest and there was
no evidence of displacement of the isosbestic points.

The secondary band of the free base, curve 17,
with maximum absorbancy at 40,800 cm™, increases
with increase In hydrogen-ion concentration and
shifts toward the lower wave numbers as it ap-
proaches the absorbancy of the dissociated com-
pound, curve 1. Practicall{' all measurements in
this portion of the ultraviolet range are on steep
sides of the bands, as evidenced in figure 2, and do
not have the accuracy of the measurements at lower
wave numbers.

2. Method of Calculation of Concentration Constants

The acidic dissociation of the ammonium ion of
4-aminobenzophenone may be expressed as follows

RNH{ = RNH,{-HB*.

The concentration constant, K,, may first be ealcu-

lated, neglecting for the present the activity co-
efficient terms for the free base and ions, according to
the equation
_ [RNH.] [H]
T [RNHZT

in which [RNH;], [H*], and [RNH] are the concen-
trations of free base, hydrogen-ion, and dissociated
compound, respectively. familiar way of ex-
pressing this relation is

2

K= 3

1—a)[H]

o }

in which « represents the degree of dissociation into
iong and 1—e« the remaining free base.

The amounts of either base or ions are propor-
tional to their molar absorbancy indices as in eq 1.
For brevity let a,(R), a,(R1), and a,’, represent,
respectively, the molar absorbancy index at any
wavelength of the free base, the ions, and mixtures of
the two during the dissociation.

As differences in absorbancies are used to calculate
a or the amount of RNH; formed at any stage in
the dissociation, & graphical illustration of the
differences is given in figure 4. The total change in
absorbancy from free base to ions is given as the
outer curve labeled ¢, (RNH,) —GM(R%TH;). The
differences for intermediate stages are represented by
the 12 remaining curves, one of which is Iabeled
ay{RNH;)—ay’. One can readily see that the
differences are positive for the large band nearest the
visible, zero for the isosbestic point at 283 mgu, all
negative between 283 and 242 my, and positive
again for the data at the lower wavelengths, The
degree of dissociation, or «, is calculated according to
eq 4, and the amount of free base remaining, 1—a,
according to eq 5 as follows:

___EM(R) — @’
T au®)—an®RY)

1—a— GM'—GM(R'{')

Tty R)— xR

@

(5)

Theoretically, the values of « should be the same
across the spectral range regardless of wavelength
gelected. It is obvious that the best estimates will
be obtained where the differences in absorbancies
are greatest. Data too near the isosbestic points are
worthless in such caleulations. It is wise to examine
the « values across reasonable wavelength ranges in
more than one band, to detect a possible trend. Such
trends have often been noted [1, 2], particularly
where impurities may be involved, or where another
reaction ean conceivably take place simultaneously.
Dissociation constants ealculated from absorbancies
at one or two wavelengths are not necessarily
reliable. In this case the authors selected the wave-
length range of 314 to 350 my, inclusive, to caleulate
an average « from 19 wavelengths. A comparison
was made with values calculated from 256 to 264
mu in which greater vanations occurred because
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observations were made on steep slopes of bands,
and there was satisfactory agreement.

The ratios of free base to ions may be calculated
direcily by combining eq 4 and 5, thus

1— o —(EM(R+)
o au(R)—ay.

This ratio multiplied by the hydrogen-ion concentra-
tion gives the conecentration constant K,, as in eq
2 or 3. pK,, the negative of the common logarithm
of K,, can then be calculated.

(6)

3. Presentation of Data

Typical absorbancy data and caleulated values for
the dissociation of 4-aminobenzophenone at 25° C
are given In table 1. Two series show reproduc-
ibility of results from two different runs, using
freshly prepared solutions throughout. The molar
coneentration of hydrochloric acid is given in column
1. Molar absorbancy index at 332 my is listed in
column 2. Column 3 shows « calculated from
absorbancies at one wavelength (332 myp), and
column 4 gives an average « calculated from ab-
sorbancies at 19 wavelengths from 314 to 350 my,
inclusive. Inasmuch as the transmittency observa-
tions are subject to error in the third figure, this
error is carried in the subsequent calculations., An

75400 332 28{3' 256 241 _220mp
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Ficurk 4. Differences in absorbancy of undissociated f-amino-
benzophenone and the partially and completely dissocialed
compound.

average «, howcever, should minimize the error.
Values of « below 0.1 and above 0.9 yield unusually
large or small ratios of free base to ions and were
not included in the calculations of the constants.

TaBLE 1. Dissociation of f-aminobenzophenone at 26° C.

Ll
Ameunt dis- | Amount dis- _
Molar con- | Molar eb- | soaiated Into | sociated into | Ratlo of free | , Conoonire-
o HCl |index %g{z icms, A332, | ions, X314 to | base to jons, A% I
* 1 wavelength [ 350, ingl.
Average of o (1—a)
[H+] am a 19x (l—ﬂ)}'a [H ] _a__ —Lgil{ffc;
SERIES A

0. 0000 1K, 900 0. 000 0.000
. 0G01 15, 700 .013 .04
. 0064 1, 500 .00 .02
0010 13, 800 135 133
. (G 12, BOGO . 195 . 196
. D026 11, 600 . 276 L2717 2 610 6. 786
L0041 9, 980 L3881 . 380 1. 632 6. 651
. 0052 B, 150 434 433 1,309 6, 87
. 0065 8,280 . 492 . 402 1. 432 6. 708
. 0102 500 . 604 . B0G 0. 828 6, 707
. 0161 4, 870 L] i LA06 &, 537
0256 3,470 .70 .700 .252 6. 451
. M05 2, 410 . 368 . B8 L 152 4. 156
L1020 1, 180 Ly I R I o R,
. 6440 450 1,000 LW | | el | ol

SERIES B

0, Q0 15, ) 0. 000 L S L
. 0016 12, 800 .199 . 105 4,128 6. 605 2,180
D04l 10, (MK L3798 .378 1. 646 6. 749 2,171
. D061 9, 150 =) =t 1. 304 & 650 2,177
. 0084 g 2 .46 L4891 LO3T 4. 637 2,178
. D081 7,370 ) 8 W 828 . 707 2,173
L0102 6, 50K} . B4 . 606 . 630 6. 630 2.178
. 0130 §, 660 . g . 565 504 B, 552 * 2,183
. 0180 4, 870 . 708 . 709 - 410 6. 560 2.183
.zo0 4,180 LT L 756 7] £, 460 2,190
. D256 3,470 .70 800 . 250 &, 400 2,193
. 1020 1,160 M8 I S [ I
. 3440 350 1.000 Lo | | ol | e




The concentration constant, K.X10% is given in
column 6, and —log,, K, or pK,, in column 7.
The increase in pK, with increase in ionic strength
15 slight, but nevertheless there is g trend. The
arithmetic mean of the values of pX, for each series
is 2.18, corresponding to 0.0066 moles/liter for K.
A summary of calculations from spectrophoto-
metric date that was taken of the dissociation of 4-
aminobenzophenone at 10°, 15°, 20°, 30°, 35°, and
40° C is given in table 2. Each sertes of solutions
for the dissociafion at one temperature was com-
pleted before changing the temperature of the water
bath for the next series. Practically the same
amounts of hydrochloric acid were used for each
series to facilitate direct comparison of the amount

of free base dissociated into ions at a particular hy-
drogen-ion concentration at different temperatures.
The spectrophotometric observations were made as
usual over the ultraviolet spectral range of 210 to
400 my, to assure accuracy of data and adherence to
isosbestic points, but the degree of dissociation is
the average calculated from the 19 wavelengths
between 314 and 350 my. It was feared that erratie
results might be obtained from the measurements
at 10° C, as a slight film formed on the outer faces
of the quartz end-plates as they were removed from
the cell compartment at 10° to the room at 25° C
for filing and emptying. However, the results do
not seem to be out of line. At 15° C the film was
not visible to the naked eye.

TaBLE 2. Dissociation of 4j-aminobenzophenone at 10°, 15°, 20°, 30°, 35°, and 40°

Degree of _ Degrea of Degree of _
Molar con- | dissociation,] K X108 I“}g{? e, dissoriation,| X108 _I‘O’i? Ky dissocia- K108 I‘O% Ko
centration « bhie u bite tion, & bhe
of HC1
[H*]
16° ¢ 15 C 20° 0
i
&, 0000 LU 18, | S U LU 111 N I OO | e | ceeaeaes
(16 v | 4, 304 2.366 . 240 5.0867 2295 L2168 5. 808 2. 136
0041 . 482 4. 407 2. 336 . 440 5.210 2, 282 .413 £, 826 2234
L0051 r 4397 2.387 . 502 5.050 2,206 L4688 5. 799 2,137
+ 0064 . BL 4. 250 2.371 . o8 5. 089 2,205 . 534 b. 587 2,253
L0081 . 653 4,301 2,366 .B13 5.119 2. 202 . bE8 5. 878 2248
L0142 LTO7 4,223 2,374 LB70 5.018 2. 200 643 5. 661 2. 247
0130 . 753 4. 264 2,370 .72 5. (31 2. 208 . 60% b, B3 2.251
G160 it 4.144 2,382 . 763 4,976 2.303 . 5, 600 2. 252
L0200 . 828 4. 180 2 381 . 802 4. 9401 2. 204 . 784 5,520 2. 258
0256 BB 4.019 2. 306 . B4D 4. 864 2.313 . 826 5. 402 2. 37
-1020 O | | s [ s - | R I,
6440 10 | ol | eolls B LW | ceeaiie | ammeoiaas -
30° 0 3° C we
0.0000 - 0,000 | . | eememeaeooo 0O0D | o | . 0000 1 cceiocein | eicamaae-
. D016 175 7. 542 2,122 . 158 8. 462 2,072 . 145 B, 434 2 025
. D041 . 348 7.683 2.114 . 318 8.7 2, 055 . 26 9. 799 2. 008
AL 404 7. 522 2,123 .37 8. 644 2. 083 L350 0. 471 2,023
0064 . 458 7.571 2.121 - 4268 8.821 2. 064 405 0, 402 2,026
.08l W52 7444 2.128 . 4283 8. 497 2070 L4584 9. 356 2.029
Loinz .578 7. 448 2,128 . 548 8. 517 2. 068 . 520 9. 415 2,026
0136 637 7. 41¢ 2.130 . 603 8. 554 2. 067 . BBl 9.373 2. 028
0160 . 688 7.328 2.135 . fidd 8464 2.072 . 633 9. 280 2. 022
0200 . 733 7. 280 2,137 L TC2 8 480 2072 . 623 9, 230 2.032
0256 . TE4 7. 066 2,151 756 g 260 2 082 L T38 9. 088 2.041
. 1020 B S, B Y B Y
. 6440 0111 N OO D% 11,1 N R Lo | .

It is readily seen from the table that for any given
hydrogen-ion concentration the degree of dissocia-
tion decreases with increase in temperature. The
concentration constant thereby incrbases, and pK,
correspondingly decreases.

Of interest is the magnitude of error that any
variation in temperature may have upon the absorb-
ancy of a given solution. As the limiting curves, all
free base or all ions, were found to bé substantially
unchanged over the temperature range studied, any
change in absorbaney can be attributed solely to the
change in constant of the dissociation reaction with
change In temperature. A solutién of 4-aminobenzo-
phenone in 0.0064-34 hydrochloric acid, which at
25° C ig practically half base and half ions, was placed
in the cells, and the temperature of the bath was
changed in the following manner. An equilibrium

temperature of 25° C was first atiained, and observa-
tions were made at 2-mu wavelength settings from
314 to 350 my, inclusive. The bath was then changed
to give equilibrium temperatures in 5-deg steps,
first up to 40° C, then in reverse order down to 10° C,
and again up to 25° C as a check. The cells were
not removed from the cell compartment, and about
3 days was required for the experiment. The changes
in absorbancy were determined and the stability of
the solution also proved. The results are shown in
figure 5, in which specific absorbancy of the solution
is Blotted as & function of wavelength. In this par-
ticular case there is roughly an 8-pereent increase in
absorbancy with & 5-deg increase in temperature.
It is evident that for accurate results close tempera-
ture control is necessary for all intermediate stages
in the dissociation.
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50 T I T may then be expressed as a linear function of ionic

408 strength. The results are shown in figure 6. The
~ 0T, -1  experimental error is at least +0.01 pA unit, and
el 350 2 the lines were drawn as visual estimates. pK, was
agk _ P “EN ~ found to be 2.36, 2.28, 2.24_2.17, 2.12, 2.06, and 2.02
/A - o R for 10°, 15°, 20°, 25°, 30°, 35° and 40° C. K, is
-~ ) e 2 Y - then 0.0044, 0.0052, 0.0058, 0.0068, 0.0076, 0.0087,
5 7 £ g R and 0.0096 in the same order.
o — s o " B o —
SV S L e N 2. Activity Coefficient Terms
x + & F - n R 8 The straight lines in figure 6 may be used to select
z - o Y pK, values at any ionic strength between 0 and 0.03.
& s S 5 e o N\ \ Corresponding Ig, values may then be derived. As
2 y i 5 AN | the ratio of K, to A, is equal to the activity coefficient
< + J/ o L term fau+ frnm,/fane#, this term, called fz, may now
2 » o o : w ¥ becaleulated. Some terms are shown in table 3 for a
o -3 . A 3
a P T Oy N Y 24 T 1 T T 0
0 B “ o n o o [[s R}
. % . . ° o 2
30} 5 . - ° -
- 5%
0.26 ] I | ] 23 o o ) .
315 320 330 340 350 =

WAVELENGTH, MILLIMICRONS (THh U)

20°c
Ficure 5. Effect of temperafure upon the absorbancy of 4~ -~ o |
aminobensophenone, partially dissociated tn 0.0064-M hydro-

chioric acid (pH 2.23).

V. Other Related Thermodynamic Quan-
' tities
1. Estimation of p&, and ¥, from 10° to 40° C - 0 36% -

True thermodynamic constants, K,, may be cal- M

culated at each temperature studied by eq 7

=106 K,
n
N
\
[\ ]
+
00

a1} o
Jutfane °
K=K, —F—— (1) 0 o 5 e
Frer; _
in which the activity coefficients, f, are expressed MM 40°c
with the appropriate subseripts. o
When pX is plotted as a function of ionic strength 20 o | I L ;
at each temperature, it is found that straight lines o ol 02 .03
may be drawn through the values, giving slight IONIC STRENGTH
sl_opes. Extrapolation to mﬁ{llf-e dl]lltlo_n should Freure 6. pK, values of 4-aminobenzophenone al different
give the pK, values, and the activity coefficient terms stages in the dissociation in hydrochloric acid.
TaBLE 8. Activity coefficient terms, fa+ frnmyffrnu} or fu, calculaled for several temperatures
Dégmus Celsina—
e 10 15 20 25 30 35 40
EXW0P | fa | EXWP | fz | KX | fr | KXW | fe | KXW jr | K108 | fz | ELXI0V ) fa
0.000(Ky 441 | ... | &2 | ... | &8s | ... | &st | ... | wes | ... | 8w | .| s& [ ...
- 005 4. 34 1.0 6.14 i) 5. 74 l.o2 671 1ot 7. 63 1.01 8. 67 1.0 .48 101
J010 427 [ 103 | %06 | 103 | 566 | 108 | eez | Los | 748 | 103 | E&7 | Loz | a4 | Loz
016 4.21 1.05 4,08 1.4 &.58 L4 6. 52 1.4 7. 38 1. B 47 Lk 9.3 1.03
.020 £15 | 108 { 4w | 106 | 452 | 1.06 | 646 | Losi | 73 | Los | &3 | Lob | @@ | Lod
025 4. 08 1.08 484 1.08 5.43 1.07 6. 37 1.9 7.18 1.06 8.30 1.08 0.14 1.08
.030 £02 | 110 | 47 | nos | &35 | Lo | 62 | Los | 7ie | 108 | &2 | ro7r | gos | Los
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few ionic strengths at the seven temperatures af
which measurements were made,

There are little data in the literature on activity
coefficient terms of weak bases at low lonic strengths.
However, if the terms at high ionie strengths are
extrapolated to lower strengths, the results of
Randall and Failey |4}, Harned and Robinson [5],
and Harned and Mannweiler [6] obtained by electro-
motive-force methods and Weil and Morris [7], who
used spectrophotometric methods, are in agreement
with our results.

3. Heat of Dissociation

If one now plots the —log K, values for each
temperature as a function of 1/7, a practically
stralght line is obtained as shown in figure 7. Thus
the heat of dissociation can be assumed to be prac-
tically constant, and AH may be calculated according

to eq 8
d log K{dT=aH{2.3 BT?, (8)

in which AH represents the molar changes of heat
content for the dissociation, B is the gas constant
8.3144 joules deg™! mole™!, and T is the temper-
ature In degrees Kelvin (degrees Celsius—+273.16).
AH is found to be 19,000 joules deg™? mole™.

4, Basic Ionization Constant, X,

One may derive the basic ionization constant, K,,
from the usual relationship

KD=KWJ(KG!

in which K, is the activity product for water. For

24 g T i T 7 T T
23 ]
)
=]
x
w22 -
9
'
2l -
2.0 " L | L L i |
3.2 3.3 3.4 3.5

/T X 103

Ficure 7. pK. values af temperatures from 10° o 46° C
plotted as o function of 1/T.

example, at 25° C K, is equal to 107*/(6.6X107%),
which yields a value of 1.6X107. pK; is then
approximately 11.8.

VI. References

(1] Elizabeth E. Sager, Harry J. Keegan, and 8. F. Acree, J.
Research NBS 31, 323 (1943) RP1569.

[2] Elizabeth E. Sager, Marjorie R. Schoole% and 8. F.
Acree, J. Research NBB 31, 197 (1943) RP1558.

[3] Elizabeth E. Sager, Marjorie R. Schooley, Alice 8. Carr,
and 8. F. Acree, J. Research NBE 35, 521 (1945)
RP1686.

14] M. Randall and C. F. Failey, Chem. Rev. 4, 27k (1927).

[5] H. H. Harned and R. A. Robinscn, J. Am. Chem. Soc.
50, 3157 (1928).

[6] H. H. Harned and G. E. Mannweiler, J. Am, Chem. Boe.
5%, 1873 (1935). ]

(7 1. (wgiié}and J. C. Morris, J. Am, Chem. Soe. %1, 3123
1 .

WasHINGTON, August 14, 1950

Journal of Research of the National Bureau of Standards

Vol. 45, No. 6, December 1950 Research Paper 2163

A New Method of Radioactive Standard Calibration

By Howard H. Seliger

By proper arrangement of experimental observations and statistical analysis it has
been possible to make Geiger-counter measurements of different activity samples inde-

pendent of intermittent disturbing efTects.

The rezults of 5,328 individual measurements,

involving more than 1.4X 108 counts made by using a Latin square arrangement, are shown
to have an error distribution identical with that expected from the statistical nature of the

disin{egration process.

A completely worked out example of a calibration procedure is

given, in which it has been possible to achieve a higher degree of accuracy in only 30 percent

of the original counting time,

I. Introduction

Anyone who has had occasion to make Geiger-
counter measurements on radioactive isotopes has
found at times that his results were not self-con-
sistent; or more precisely, that readings taken at
time .4 could not be duplicated within the expected
Poisson deviation at time B. Sometimes upon fur-
ther investigation it was found that these variations
were due to fluctuations in the electronic voltage
supply, slight changes in sensitivity of the Geiger

counter itself, or other transient effects. Most
often, if it were not too time-consuming, the original
data were discarded and the measurements repeated,
this time with the fingers crossed. In this paper a
procedure for arranging and analyzing a series of
measurements is deseribed that climinates inter-
mittent disturbing effects and that permits & deter-
mination to be made as to whether the variance of
the set of readings ia a reasonable one to expect
on the basis of a Poisson distribution of counts.
The end result is that all readings of a set are treated
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