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Hexamethylenetetramine (urotropine) has found extensive
use as a buffer, and 1s especially suitable for this purpose,
because 1t forms relatively weak complexes with metals
In medicine 1t has long been used 1n the treatment of ur-
nary tract mfections More recently 1t has been found to
have an inhibiting effect on the growth of tumours !

Very few equilibrium data can be found 1n the literature
for this reagent ? Below, both a potentiometric and a spec-
trophotometric method are utihzed for the determination
of the stability constant of the reaction

[HL™]
(H*][L]

where L denotes the ligand hexamethylenetetramine, and
the constant 1s determined as a concentration constant

I'I+ + L:HL+ KHL = (1)

EXPERIMENTAL
Reagents

Hexamethylenetetramine and other chemicals were
Merck pa grade Potasstum chloride was used to keep
the 1onic strength at 01 and 05 The titrant was potassium
hydroxide solution All measurements were made at 25°
1n an 1nert atmosphere

Apparatus

The potentials were recorded with an Orion 801 pH/mV
meter (precision + 0 1 mV) using Beckman glass and calo-
mel electrodes The hydrogen-ion concentrations were cal-
culated from the measured potentials by a method shghtly
modified from the one given by Ingman et al ® The spectro-
photometric measurements were performed with a Cole-
man model 46 UV-VIS Spectrophotometer equipped with
a quartz flow-cell The volumes were measured with
Metrohm piston and mucro burettes
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For mathematical calculations a programmable Monroe
186044 calculator was used

Procedures

Potentiometric determination A potentiometric method
not previously used for determination of stability constants
of acids was employed It 1s due to Ivaska and W anninen,*
and uses the equation for titration of weak acids derived
by Ingman and Still * The data obtained from a potentio-
metric titration are processed with a desk-calculator The
program calculates both the equivalence volume and the
stability constant of the acid by an iterative procedure
The stability constant 1s a mean of four values calculated
from four points, two on each side of the half-titration
pomnt The equivalence volume 1s determined by the
method of Ingman and Still, using titration points near
the equivalence point

The titration 1s started by performing an Eg-titration®
and then adding solid hexamethylenetetramune; to the solu-
tion and hydrochloric acid in excess 1n order to protonate
the reagent The titration 1s then performed 1n the ordinary
manner, the electrodes remaining 1 the solution through-
out.® The titration curve, —log[H*] vs V, the volume of
added base, shown in Fig la, 1s the one obtained when
protonated hexamethylenetetramimne and excess of hydro-
chloric acid are titrated with potassium hydroxide at y =
05 The excess of hydrochloric acid, i e, the starting pont
for the hexamethylenetetramine titration, can be deter-
mined by the Gran method,® using pomts before the first
potential jump (Fig 1a) The data given in Table 1 repre-
sent the titration of hexamethylenetetramine, and the pro-
ton stability constant calculated from them 1s also given
The value of the constant at u = 01 1s determined 1n a
stmular way and 1s given 1n Table 3

Spectrophotometric  determination  Spectrophotometric
methods are widely used for the determiation of protona-
tion constants? However, 1n this work a less common
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Fig 1 (a) —log [H*] as a function of the volume of added potassium hydroxide for a titration of 1 26 x

107 2M hexamethylenetetramme containing an excess of hydrochloric acid ¥V, =4833ml, =05

(KCl),Con = 0098 16 M (b) —log [H* ] as a function of absorbance for 5 x 10~ 3 M hexamethylenetetra-

mme, which s neutralized by addition of potasstum hydroxide V, = 1000ml u =05 (KCl),
A =215nm
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ANALYTICAL DATA

Table 1 Titration of the proton complex of hexamethyl- Table 3 Summary of the stability constants of the proton
enctramme for determination of its stability constant complex of hexamethylenetetramine
V.ml —log[H"*] V,mi —log[H*] Temp, fonic
log K °C strength Reference
105 4389 405 5340
492 — — Kolthoff®
155 4590 430 5421 630 2 0%  Pummerer and Hofmann®
205 4755 455 5511 49 - — Evstratova et al '
255 4905 480 5610 485 — — Reilley and Schmd!?
280 4977 505 5727 488, 25 01 {KChH This work
504 25 05(KCH hod
305 5050 530 5864 a5 % DIEG) o e methed
330 5121 555 6 049 505, 25 05(KCl)  (spectrophotometric method)
355 5190 580 6328 *
180 5263 605 7075 0 5M hexamethylenetetramine
Found log KHL =35 048

C. = 1239 x 1072M

Intial volume V, =4833mi, KOH concéntration
Con = 0:09816M, total imtial concentration of hexamethyl-
enetetramme Cp = 00126M, T = 25° and u = 05 (KCl)

titration procedure 1s employed The absorbance and hy-
drogen-10n concentration of a solution that 1s gradually
neutralized by addition of potassium hydroxide are simul-
taneously measured The hydrogen-ion concentration 18
measured as described above The advantages of this pro-
cedure are that no buffers are needed and the electrodes
need not be removed from the solution during the ex-
permment An absolute necessity for precise spectrophoto-
metric measurements is a fixed cell, eg, of flow-through
type

A suitable wavelength for the measurement of the
absorption by hexamethylenetetramme was 215nm An
example of an absorbance curve plotted as a function of
—log[H*] is given m Fig 1b The shape of the absorbance
curve implies that one proton s hiberated at —log[H™}
about 5 At —log[H*7 above ca 10 there 1s another rise
m the curve, owing to absorption by the hydroxide ron

When only the complex HL* 1s formed, the following
equations are vahd

A = ag [HL*] + a, [L] @
C. = [HL*]+ [L] €)

A 15 the measured absorbarice and ay and gy denote
absorptivities, which can be determined from the pH
regions where respective species dommate Thus equations
{2) and (3) contam only two unknowns and can easily be
solved Because a titration 1s used, the change in volume
must be taken into account in calculating Ci, equation
Q)

Typical results are given m Table 2 The optimal region
for the determination of the ratio [HL*Y/[L] and thus
also the protonation constant is at or near the pomt of

Table 2 Spectrophotometric determination of the pro-
tonation constant of hexamethylenetetramine

V,mi -log[H*] A4 log Ky

073 4515 01305 5056

085 4734 01700 5054

097 4941 02135 5052 B

110 5137 02575 5051 ( 108Km =505
128 5428 03175 5051

142 5724 03630 5059

Vo = 1000ml, Coy =03M, C, =5x 1073M, p =035
(KCl), T = 25° and A = 215nm

half-titration, because small errors in the absorbance
measurements then have little effect on the value of
[HL*J/[L] By taking four points around the pomt of half-
titration the mean value log Ky, = 505, was obtamned for
the example given m Table 2

DISCUSSION

In Table 3 the protonation constants determined m this
work are summarized and compared with published
values The values obtained by the potentiometric and
spectrophotometric methods are 1n very good agreement
(It 15 perhaps motivated to give log Ky to three
decimals, especially when the potentials are measured with
01mV and absorbances with 0001 units accuracy) The
difference between a potentiometric and a spectrophoto-
metric method for determnation of stabihity constants can
be seen 1n Fig 1 In potentiometry the amount of added
titrant and 1 spectrophotometry the measured absorbance
are used to calculate the mole ratio of [HL*] to [L]
At alkaline pH the two curves are similar, because hydrox-
ide 1ons absorb at the wavelength used, but in the acid
region, the additional HCI affects the shape of the poten-
tiometric curve

The values of the protonation constant of hexamethyl-
enetetramine obtamed n this paper are n satisfactory
agreement with the values reported by Kolthoff® Evstra-
tova et al '! and Reilley and Schrmd!# although the exact
temperature and medwm for their experiments are not
given The value given m “Stability Constants”* could not
be found by the present authors i the origmal paper of
Pawelka 1°
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Summary—The protonation constant of hexamethylenetetramine (urotropine} was determined by a

potentiometric and a spectrophotometric method. The calculations gave log Ky {(concentration con-

stants) 489 at 4 = 01 and 505 at u = 05 The temperature was 25° and potasswsm chioride was
used to adjust the 1onic strength



