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TABLE V
ABSOLUTE VERDET CONSTANTS OF BENZENE

Tomp., A == H8Y mp N o= 378 mu A = 346 ma N o= 136 mp
L°C. Demsity VX 102 V/d X 100 V/dM ¥V X 10: V/d ¥ 108 VoM ¥ X 100 V/d X 100 V/deM VX 102 Vid X 102 Vod of
3 0.80474  3.0412 3.3990 2.6550 $.1759 5.5495 2.77250 3.6295 4.0565 3.1685 6.3568 T.1046 H.5494
10 88935 3.0175 3.3929 2.6502 3.1512 5.5433 2.7677 3.6013 1.0494 3.1630 6.3069 7.0918 5.3392
15 88397 2.9940 3.3870 2.6456 3.1266 3.5370 2.7627 3.5731 4.0421 3.1573 6.2571 T.0784% 5.5289
30 87850 2.9705 3.3810 2.6400 3.1020 3.5306 2.7577 3.5449 1.0348 3.1516 6.2073 7.0651 5.5185
35 87321 2.9470 3.3740 2.6361 35.0773 3.5241 2.7527 3.5167 4.0273 3.1457 6.1574 T.05814 5.5078
30 86782 2.0235 3.3688 2.6314 3.0027 3.5177 2.7477 3.4886 4.0199 3.1399 6.1076 T.0379 5H.4973
40 .83706 2.8765 3.3562 2.6213 35.0035 3.5044 2.7373 3.4321 4.0045 3.1279 6.0079 7.0090 5.4754
S0 . 84620 2.8296 3.3435 2.6116 2.9542 3.4908 2.7267 3.3757 3.9888 3.1136 5.9083 6.9814 5.4532
B0 83552 2.7826 3.3304 2.6014 2.9049 3.4767 2.7156 3.3193 3.9727 3.1031 5.8086 6.9321 5.4303

less than those for any previous Verdet constants. suggested that the origin of the temperature de-

It is seen from the data in Table IV that the pendence of the normal Faraday effect might be in
dispersion for benzene is not constant but decreases the thermal opposition to the precessional motion
slightly with temperature. 7This behavior is simi- of finite magnetic moments, thus, to a mean para-

lar to that found previously for the magnetic magnetic polarization. These results, therefore,
rotatory dispersion of water above 25°.13 might be interpreted in terms of a slight para-

The results in Table V show that the molecular Magnetic polarization in the case of benzene.
Verdet constants, J/V/d, decrease with tempera- [t is of interest to note that the temperature co-
ture over the entire rauge. Richardson!* has ?ﬂicmut at—~4‘5() Hp 18 approxmlately twice that at
e A 2500 589 mu.  Further extensions of theory would have
15;3} Chas, E. Waring and Robert j.. Custer, THIS JoURNaAL, T4, 2506 to account f()r thlS behavwr.

(11} 8. 9. Richardson. Proc. Roy. Soc. i Londou), 831, 232 (1416, STURRS, CONNECTICUT
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The rates of the condensation of melamine with formaldehyde it aqueous media in the pH’s varying from 3 to 10.6 have
been estimated at 35, 40 and 70° by einploying both iodometric and sulfite methods. The primary product of the coitdensa-
tion, methylolinelamine, was found to consuine iodine like formaldehyde itself, and therefore the result of the iodometric
method indicates the amount of formaldehyde together with that of methylol group present, while the sulfite method esti-
mates solely formaldehyde unreacted. From the data obtainced by tlese two methods, the rates of the forination of methylol-
melamine, e.g., (1), and methylene-bonided melamites, ¢e.g., (11, were determined. There were found evidences that only
the formation of methylol compounds occurs at 35-40° except inn acidic solution and that the reaction is reversible all through
the pH range, its forward rate being proportional to cither {melamine! {fortnaldehyde], {melamine] {conjugate acid of forn:-
aldehyde], or [conjugate base of melamine] [forinaldehyde] according to the pH's of the media. The rate of the irreversible
condensation of methylomelamine with melamine in neutral and acidic media at 70°, where the hydroxymcthylation (1) i=
very rapid, is determined by the condensation step of conjugate acids of methylolmelamines with melatnine, the rate being
expressed as [melamine]? [formaldehyde]. The rate equations based on the reaction mechanisins which are suggested from
these results satisfied the relationship between pH and the rate constant experimentally found.

It has been pointed out that the nature and NH. NH.
structure of the melamine-formaldehyde conden- ¢ CJ
sate are considerably varied with reaction condi- S S
tions, especially molar ratio of reactants, pH und D DR s
temperature of the solution.! There scems to beno  p,n—eC C—-NHCH.OH + H.N- C C - NH.,
~H: N7 N
. N, N
NN C L
[ + HCHO T N
H:N—C  C—NH NN NN
Ho N— NH, , ' . )
Nones | ’ : | + H.O (1I)
NS H,N—C C—NHCH.NH—C  C—NH.
T‘TH? \\‘\:/ \\'/
AN decisive kinetic evidence for this condensation
N XN mechanism, although the primary process may be
Ly [ NHOH.OH (1 presummed from the similar reactions such as those
HaN—-C D : of urea—formmaldehyde and aniline-forinaldehyde.”
Y (2) T.S. Hodgins and A, F. Hovey, /6., 3@, 1021 {(138); K. I'rey.

W11 T, 8. Hodyins, ¢f o), Jad. Edg. Chem. 33, 7049 (1841). Hely, Chim. Actn, 18, 491 (1935,
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The present report summarizes our results on the
melamine-formaldehyde condensation studied from
the kinetic standpoint, placing emphasis upon the
important relation between pH and the rate, which
implies some probable mechanisms for the early
stages of the condensation,

Experimental

Materials.—Nippon Carbide Ind. Co. best grade mela-
mine was recrystallized from water, m.p. 353° (cor.,
block). The formaldehyde was the best grade. It was
also confirmed that impurities i the formaldehyvde used,
e.g., formic acid or methanol, did not affect the estimation
of the reaction rate at least in their small quantities.

A Typical Procedure for the Rate Measurements.—In an
erlenmeyer flask or a flask equipped with a reflux condenser
for the higher temperature experiments, 2.5226 g. (0.02
mole) of the melamine was dissolved in distilled water, added
with appropriate amount of dilute hyvdrochloric aeid OF SO-
dium hydroxide, diluted to 180 cc., and dipped in a thermo-
stat regulated to the operating temperature, Into this
solution was poured 20 cc. of 1.00 M aqueous formaldehyde
solution, maintaining the same temperature, by using a cali-
brated pipet. A twenty-cc, aliquot of the mixed solution
was pipetted out at known intervals of time and estimated
by the sulfite method aud a 5-cc. aliquot by iodometry.?
In the sulfite miethod, the aliquot was run into 25 cc. of 0.5
N sodium sulfite solution and the produced sodium hydrox-
ide was immediately titrated with 0.1 &N hydrechloric acid
by using rosolic acid as att indicator. When an acidic or
alkaline reaction mediunt was employed, it was necessary
to add previously to the sulfite solution an appropriate
amount of acid or alkali for the neutralization. In the
iodometry, the aliquot wus poured into ca. 10 cc. of 0.5 N
sodium hydroxide, added 25 cc. of 0.05 N iodine solution,
then 7-8 c¢. of 1 &V hydrochloric acid after five minutes,
and thereafter titrated with 0.05 N sodium thiosulfate.

The Reaction Products Criterion and Blank Tests.
(A) Trimethylolmelamine.—Since this substance was sol-
uble and could not be isolated from such a dilute aqueous
solution as that used for rate measurement, it was synthe-
sized by the usual method,* in which 1 mole of melamine was
stirred with 3 moles of 35% formaldehyde of pH 8.0 at 70°
until the dissolution was complete, heated for additional
five minutes, cooled readily, filtered, washed with meth-
anol and then dried i# vacuo. This crude product, con-
taminated with a small amount of melamine, higher con-
densate and formmuldehyde was difficult to purify; it was
dissolved in warin water, filtered and evaluated with both
sulfite and iodometric analyses. The results indicated
that the sulfite inethod measures solely the formaldehyde
present, whereas tlic iodometry can estimate not only for-
maldehyde but methylol group present mainly as trimethyl-
olmelamine’ in this case. It was also confirmed that even
a larger excess of formaldehyde, e.g., 2.0 M formaldehyde
per 0.1 M melamine, does not increase the number of meth-
ylol group per oune melamine molecule more than three, at
least under the conditions similar to those of kinetic experi-
ment (at 40 and 70° in neutral media); therefore, the most
hvdroxymethylated state is surely trimethylolmelamine.?

(B) Methylene-bonded Melamine,—Even a dilute solu-
tion as used in the rute measurement emulsified after ca. 20
minutes at 70° and pH about 5. After allowing to stand
over threc liours at the temperature to complete precipita-

(3) J. F. Walker, ""Formaldehyde,’*
York, N. Y., 1044, pp. 256.

(4) E.g., {(a) J. K. Dixon, N. T. Woodberry and G. W. Costa, Tuls
JouRrNaAL, 69, 599 (1947); (b) C. Kitagawa, J. Chemn. Soc. Japan, 88,
181 (1950).

(3) Hexamethylolmelamine is also known. Hewever, it was impos-
sible to isolate this material beside trimethylolmelamine under these
conditions. It would be formed only at higher temperature and con-
centration.

(6) It was observed that in the sulfite method standing for a longer
time or estimation of aqueous methylolmelamines in alkaline medium
remarkably increased the titer of hydrochloric acid, while in the iodo-
metric method the titer held constancy. These phenomena seem to
indicate that alkali. which ;s either originally present or produced by
the reaction of sulfite, accelerates the gecomposition of methylol-
melamines into melamine and formaldehyde (¢f. equation 4),
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tion, the resinous product was filtered and dried under re-
duced pressure. The product forms white amorphous
powder, insoluble in water, alcohol and benzene but soluble
in strong acids and phenol, just as the aniline-formaldehyde
condensate, and softened at about 300° with decomposition.
This substance was dissolved in aqueous acid and tested
with two analytical methods, of which the sulfite method
was utterly insensible to it, but the iodometry revealed the
presence of some unattacked methylol groups in the mole-
cule.

Experimental Results and Calculations.—The rate of
hydroxymethylation (I) may be calculated from the differ-
ence of two values obtained by sulfite and iedometric meth-
ods; however, it was recognized that in the pH range above
6 or below 4 no methylene bridge formation but the hydroxy-
methylation was possible at the temperature (35 and 40°),
The hydroxymethylation is reversible and resemhles that
of urea.” Wince trimethylolmelamine may easily be ob-
tained as a main product, it appears probable that there is
hardly difference in the rates between the hydroxymethyla-
tions of melamine, mono- and dimethylolmelamines. Con-
sequently, the rate of the consumption of formaldehyde v,
may be expressed as

=k(3m — x)(f — x) — k'x (1)
Hete, & und %’ are the forward and reverse rate constants,

respectively, m and f the initial concentrations (moles/1.)
of melamine and formaldehvde, respectively, and x the con-

sumed concentration of formaldeh\'de after £ seconds. The
integration of the equation leads to
P Xe In (Bmf — xex)xe
(Bmf — xe2)t (%e — x)3mf .
(3m = 2] = =) @
ko= ; “ k

where x¢ is the x at equilibrium state, which may be deter-

mined graphically by plotting the conversion percentage vs.

time. Table I(a) lists the rate constants 2 and k' with
TaBLE [

THE RATE CONSTANTS OF HYDROXYMETHYLATION AND THE
ForMaTION OF METHYLENE BRIDGE: THE EFFECT OF THE
MOLAR RATIO oF REACTANTS
(a) Hydroxymethylation

— Initial conen, — k'av
J M Formal- kav X 104 X
Temp., Melamine dehyde (1.'mole: ! 104
°C. (m) [¢2) pH sec. "1)% (sec. V)
40.0 = 0.1 0.100 0.050-0.300 7.7 2.14 £ 0.03 0.43
40.0 £ .1 0.050-0.125 0.100 T.7 2,11 £ .04 46
40.0 = 1 L0530~ .150 .100 3.8 072 .01 .76
35,0 = ,1 .035- .065 .100 10.2 6.2 = .1 .56
(b) The formation of methylene bridge
k"ay X 108
(1.2:mole "%sec. "1 &
70.0 % 0.2 0.100 0.050-0.300 4.9  2.67 = 0.04

¢ Figures following =+ mean probable errors.

TABLE 11
THE RATE CoONSTANTS OF HYDROXYMETHYLATION OF

MerLaMINE: THE EfrrFecT oF pH
(a) Alkaline media at temp. (b) Neutral and acxdxc mcdxa
35.0 = 0.1° at temp. 40.0 £

Initial conen.: melamine, 0.05 M; lnitial conen.: melamine, O 10 M:

formaldehyde, 0.10 M formaldehyde. 0.10 ¥

kX 104 . k X 104

pH {l.-mole ~1'sec. "1)2 pH fl.'mole " 1sec. "1)*
7.6 1.62 = 0.01 7.7 2,14 £ 0.03
9.0 1.89 &+ .02 5.8 2,183 & .02
9.5 2.54 £ .03 5.3 1.94 = .03
10.0 3.76 =+ .04 4.9 1.35 &£ .02
10.2 6.3 £ .1 3.8 0.72 £ .01
10,4 8.9 £ .2 3.0 0.74 £ .01
10.5 11.7 £ .2

10.6 4.1 £ .2

@ Figures following == mean probable errors.

(7) G. A. Crowe, ]r.,
(1948).

and C. C. Lynch, THls Jourwnat, 70, 37495
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varying molar ratio of reactauts. Table II shows the
cffect of pH on the value of £ with a constant 1tolar ratio,

On the other hand, the rate of methylene bridge formation
(II) may be directly evaluated iodometrically. In order to
simplify the analysis of the rate equation, the rate was
measured at 70°, where the hyvdroxymethylation was so
rapid that the reaction mixture soon reaclied to a imobile
cquilibriutn.  Since a reaction betwectt aminotnethylol and
amino group is rate-determining, the rate vg may be giver,
as that in the aniline-formaldehyde condensation,? in a form

v = k"(3m — 5 — 290%(f —- 5 — ) (3)

Here, &” is the rate coustaut, y the concentratiosn (1oles/1.)
of formaldehyde consuined for the methylenc bridge formu-
tion after ¢ scconds, z the cotcentration of formaldehyde
consumed for the hydroxvmethylation. As  described
above, g may be determined from the differettce inn two ana-
Iytical methods; this value becaine a constaut soon after
startiitg the reaction and tends to decrcase slightly with the
procession of the condensation, but thie deercase was neg-
ligibly suall during the rate measurement.”  The rate cou-
staut £” may be calenlated by integrating cquation (3) as
follanws

_ 1 Y

= 23— 5 — 2y
(5 = 2f + 2)21 " e — z2)f — 5 — ¥}

These &£” values with varions molar ratios at a constaut pH
are shown in Table I(b), which proves the adequacy of
cquation (3). Although it would surcly be desirable to
list also the data with varying concentrations of melaniie,
the change of the coucentration of basic melamine inn weakly
acidic solutionr brought about a cousiderable change in pH,
which also influenced the reaction rate to a larger extent as
described below, and hence this experinent was abandoned.
The values of £” tabulated were caletilated from the data with
less than 359, conversion of formaldchiyde. They hold
fairly good constancy within this range, but teud to de-
crease us the condensation proceeds over atd it becorrces
apparently more accurate to replace the term (3m — z —
2y) i1 equation (3) by (3m — z — 5v). It thus appears that
there is very small range in which (3m — ¢ — 3y) or (3m —
2 — 4y) may be applied; these facts would be accounted for
by assuming that the three amino groups in a uiclamine
molecule have the same reactivity for mcthylol group at
carly stages of the condensation i o dilute solution, but as
the reaction procceds tie reactivity falls rapidly by the
production of sterically hindered amine groups in the con-
densate.

The effect of pH on the rate was ronghly meusured by com-
paring the reaction ratio after definite time, because the
solition soonl becatnte turbid or the rcaction velocity was
slow. The pH valites listed in these tables were micastired
at 25° by means of a glass clectrade.

TaBLE [11
Tur COMPARISON OF THE RATES orF THE FORMATION OF
METHYLENE BrIDGE: Tur Errect or pH at Temp, 70 2= 1°

formaldehyde, 0.10 3
Conversion, 77

Tnitial concn.: melamine, 0.10 A7)
Conversion, ¢4

After After Afcer After
pH 15 1min. 20 non, pH SO min. 60 min,
H.8 15 20 4.3 13 19
5.5 17 30 3.5 D J
5.2 21 87
4.9 1 on

« These values show the amount of consumed formalde-
hivde which is incasured iodonietrically, 7.c., the cotrversion
percentage of formaldehyde into ~-CH,- bridge.

Discussion of Results

There seem to be three probable mechanisms as
to the formation of methylolmelamines correspond-
ing to the pH’s of reaction media, 7.e., the reaction

8> Y. Oguta, M. Okwner and M. Suguowara, Tuls Jobrsatr, 73, 1715
(19517,

(8) This wonld be attributed to the fact that amino groups in the
condensate of lower molecular weight ore as ecusily hvdroxyimethy)-
ated as those i omelamye i if
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of the conjugate base of melamine with formalde-
hyde, that of melamine with formaldehyde and
that of melamine with the conjugate acid of form-
aldehyde (cf. equations 6, 15 and 12).

Like the urea—formaldehyde condensation,!® the
hydroxymethylation in alkaline media appears to
imwvolve an attack of nitrogen anion of melamine on
the carbonyl carbon of formaldehyde. This inech-
anism will lead to the rate equation previously

described.  Tlie mechanism involves the stages
MH + OH= 27 M~ 4 H0 (fast) (5)
M~ 4 HCHO T2 MCH,0~ (slow) (6)

MCH.0" 4+ 1,0 =2 MCH,OH - OH ™ (fast) (7)
wliere MH is a molecule of melamine, M~ an aunion
of melamine. Equilibritun (5) is probable because
ntelamine is able to forin metallic salts! and further-
more the solution of it in dilute aqueous alkali
slhiows pH which is consistent with this equi-
librium (Ka = ce. 107¥). It has been known
from polarograplic investigations!":!! that the
degree of hydration of forinaldehyde, 7.e., the equi-
librium constant of equation HCHO + H,O =
CH,(OH)s, is much influenced by pH, especially
in the alkaline medium. But there scem to be no
available data on the lhydration degree in such a
high concenutration of aqueous formaldehyde as
those in our experiments and also our attempt to
obtain these data was unsuccessful. The following
rate equation may thus be obtained by assuming
that there is no shift in the equilibrium above, the
equation holding at least in the relatively narrow
pH range,

Gv/df = kM ICHRO | — B—g[MCH.O]

L kBm o ([ mx) ke
v [H0] ! Vo KO
ikorn-1 T T oo
k(e — x)[ - x) - k'x (3)

where A5 and K are the equilibriui constants of
equations (3) and (7), respectively, ks and k—g
are the forward and reverse rate constants of equa-
tion (6), respectively. Although no accurate
values of K; and K; are available, it would be
reasonable to suppose that Kj is a small value,
wherens K; is large. ‘Tlerefore, in the alkaline
range where [OH~]is 10731075, [H,0] > K;[OH ]
and [OH~] « K;[H,0], and lience k and £’ should
be related to [OH ~] i expressions

ko= kKo [OH -/ [HeO ] and &' = k_g[OH~]/K;{H:01 (9)
The values £/[OH -] were caleulated from data
at pH 10.0-10.6 in Table IT (a) to be 3.8, 4.0, 3.6,
3.8 and 3.5, holding constancy, which supports
this mechanisin.

In the hydroxymethylation in acidic media, the
rate-determining step is surely an attack of the
conjugate acid of formaldehyde on the nitrogen of
miclamine and such a mechanism, z.e.

MH + H0+ == MH,* + HO (fast)  (10)

+
HCHO + H,0* == CILOI + ILO (fast)  (11)
MH 1 CILOH === MCH,OH + H* (slow) (12)

(10 G. AL Crawe, Jr., and C. C. Lyneh, Tals Journar, 71, 3731
(119,

1) K. Vesely snd R, Brdicke, Cnllection Czechoslovr, Chew, Copt-
12, 008 Ty
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readily leads to a rate equation, where MH,*
is a conjugate acid of melamine

dx/dt = kp[MH][CH:OH] — h_[MCH;OH |[H;O*]
ke (3m — x)(f — x)

= . — k-1z X [H;0 %}
Kio[H:0"]¢ [H:O] {
11+ HoT (R0 + 1 -
=k@Bm —x)(f —x) — k'x (13)

Here, K’s represent the equilibrium constants of
subscripted equations and kj, and %y, are the rate
constants of forward and reverse reactions of equa-
tion (12), respectively. The observed value of
Ky is very small (0.9 X 10—* at 23°)!2 and hence
[HO] >» Kn[Hs;0%] when [H;0%] is smaller than
10—3. Consequently, a relation!?

_ kpKu[H;0*]

[HeO] 4 Ki1[H;0 %]
holds under these conditions., The value of Ky
in this equation hus been measured to be 5.5 X
10% at 25°.1¢ Therefore, as expected from equation

k= (14)

(14), k should increase linearly as [H;O*] increases, -

if [HO%] < ca. 1078, But if [HyO*] > ca. 1074,
k should become a constant independent of [H;0+].
This expectation is satisfied with data at pH 3.0~
3.8 in Table II(b) whereas the data at pH > ca.
4.5 do not. This phenomenon may suggest that
the reaction between neutral molecules of formal-
dehyde and melamine (C=0 - HyN —) become
important as stated just below.

The hydroxymethylation reaction between neu-
tral molecules in the range of pH smaller than 7 is
evidently represented by the following steps and
rate equation.

MH + H30+ < MH2+ + Hzo (fast)
MH 4 HCHO T MCH;0H (slow)

dx/dt = ku[MH][HCHO] — k-1;[MCH:0H]
= Fu(Bm = 2)(f = =)

T )14 KOS

=k@Bm —x)(f —x) — k'x (16)

where ks and k—y5 are the forward and reverse rate

constants of step (15). Consequently,
k15[H,0]

[H:O] 4+ K1[H;07*]

(12) M. Wadano, C. Trogus and K. Hess, Ber., 67, 174 (1934),
Kp = 1.62 X 10-2,

(13) The same rate equation will also be derived from reaction {(12’)
instead of reaction (12).

MH,* + CH,0 === HMCIH,0H* (127

This appears to involve a cationic attack of N+ on a positive center
of carbonyl (C*-0~) carbon, but it seems less probable than that of
HOCHg2* on N based on the electronic theory. Perhaps such attack will
only be possible on a negative oxygen of carbonyl. [C7. the formation
of semicarbazone (THIs JoUurNaL, 54, 2881 (1932); 56, 1962 (1934))
and the reaction of nitrile with formaldehyde (s4id., 73, 1028 (1951)).]
Even if it would be possible, the rate constant of (12’) would be much
smaller than that of (12). Readers might feel that reaction (I12)
might occur since free ~-N'Hs's remaining could react even after being
added a proton to a melamine molecule. But it is not right, be-
cause the concentration (3m — z) in our rate equation does not mean
that of melamine, but that of amino group.

(14) J. R. Dudley, £bid., 78, 3007 (1951), K = 1.0 X 107, The
difference in Kp values of melamine and methylolmelamines would
be small. For instance, the value 1.0 X 10 %3 was given to di-
methylolmelamine (see ref. 4a).

(10)
(15)

- k_lsx

b=

(17a)
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The relationship requires that % is nearly constant,
if [HyO*] < ca. 1075, that & is inversely propor-
tional to [H;0%], if [HsO*] > ca. 10~4, and that
k decreases gradually with [H;O*] in the neighbor-
hood of [H;O+] = 105 where both first and second
terms in the denominator of equation (17a) are not
negligible. The data at pH ca. 5-6 in Table II (b)
agree with this deduction.

Also this mechanism seems to be applied with
slightly alkaline media. In these cases, the degree
of hydration of formaldehyde should be taken in
account, while [H3;0*] in equation (10) is very
small. The relationship

k1s -
k= TEFKIED] (170)
may thus be derived easily. Here, K is the equilib-
rium constant of the hydration of formaldehyde.
The results at pH ca. 7-10 in Table II (a) seem to
satisfy this equation quantitattvely because of the
well-known decrease of K with [OH~].

The methylene bridge formation reaction be-
tween melamine molecules would proceed by way
of a rate-determining attack of the conjugate
acid of methylolmelamine (probably in its de-
hydrated form) on free melamine, because there is
a considerable difference in reaction rates with
varying pH'’s from ca. 4 to 6. Since the reaction
was conducted at higher temperature so that equa-
tion (15) becoines mobile, the steps and rate equa-
tion should be expressed as

+

MCH,0H + H;0+ == MCH, + 2H,0 (fast) (18)
+

MCH, + MH —> MCH,M + H* (slow) (19)

dy/di = kys[MCH,)[MH]
= k1K K1s[MH]2[HCHO][H,0 %]/ [H.O]?
_ kisK1sKys (B3m — 2 — 29)f — z — y)[H:O *]
1 4 Ku[H:0*])?
31 + oy HOP
=k'@Bm —2 = 29%f -2 —y) (20)
v C[H;07] . .
k' = { [H:0] + K1o[H;0%]}2 (C: a constant) (21)
Here, ks is the rate constant of rate-determining

step (19). From equation (21), a maximum value
of £” can easily be obtained at the pH where d&”/
d[H;0*%] = 0 or [H;O*] = [HO)/Kwn = 1073,
which agrees with the data shown in Table III.

The tormation of ether linkage —~CH,~O-CH,-
may be less probable, since tlie rate equation de-
rived from this mechanism would be second order
with respect to formaldehyde and to melamine, and
first order to oxonium ion concentration, which
does not accord with the experimental data. Per-
haps this reaction will be much slower, and its
occurrence would be observed in a higher tempera-
ture and a more concentrated solution.
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