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less than those for any previous Verdet constants. 
It is seen from the data in Table IV that the 

dispersion for benzene is not constant but decreases 
slightly with temperature. This behavior is simi­
lar to that found previously for the magnetic 
rotatory dispersion of water above 25°.13 

The results in Table V show that the molecular 
Verdet constants, MV/d, decrease with tempera­
ture over the entire range. Richardson14 has 

(13) Chas. E. Waring and Robert L. Custer, 'THIS JOURNAL, 74, 2o06 
:19o2j. 

(M) S. S. Richardson. Proc. Roy. Hoc. i London), 31, 232 > 11)16). 

suggested that the origin of the temperature de­
pendence of the normal Faraday effect might be in 
the thermal opposition to the precessional motion 
of finite magnetic moments, thus, to a mean para­
magnetic polarization. These results, therefore, 
might be interpreted in terms of a slight para­
magnetic polarization in the case of benzene. 
It is of interest to note that the temperature co­
efficient at 436 m/j is approximately twice that at 
589 nip. Further extensions of theory would have 
to account for this behavior. 
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Kinetics of the Condensation of Melamine with Formaldehyde 

BY MASAYA OKANO AND YOSIIIRO OGATA 

RECEIVED DECEMBER 26, 1951 

The rates of the condensation of melamine with formaldehyde in aqueous media in the pH's varying from 3 to 10.6 have 
been estimated at 35, 40 and 70° by employing both iodometric and sulfite methods. The primary product of the condensa­
tion, methylolmelamine, was found to consume 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 obtained by these two methods, the rates of the formation of methylol­
melamine, e.g., (I), and methylene-bonded melamines, e.g., (Hi , were determined. There were found evidences that only 
the formation of methylol compounds occurs at 35-40° except in acidic solution and that the reaction is reversible all through 
the pH range, its forward rate being proportional to either [melamine' [formaldehyde], [melamine] [conjugate acid of form­
aldehyde], or [conjugate base of melamine] [formaldehyde] 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 hydroxymethylation (I.i is 
very rapid, is determined by the condensation step of conjugate acids of methyiolmelamines with melamine, the rate being 
expressed as [melamine]2 [formaldehyde]. The rate equations based on the reaction mechanisms which are suggested from 
these results satisfied the relationship between p\l and the rate constant experimentally found. , 

It has been pointed out that the nature and 
structure of the melamine-formaldehyde conden­
sate are considerably varied with reaction condi­
tions, especially molar ratio of reactants, pH and 
temperature of the solution.l There seems to be no 
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decisive kinetic evidence for this condensation 
mechanism, although the primary process may be 
presumed from the similar reactions such as those 
of urea-formaldehyde and aniline-formaldehyde. -

(2) T. S. Hodgins and A. F. Hovey, ibid.. 30, 1021 (1938); K Frcy. 
HcIv. Chin?. Aita, 18, 491 (193(ij 
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The present report summarizes our results on the 
melamine-formajdehyde 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 in the formaldehyde 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.-^Tn 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 hydrochloric acid or so^ 
dium hydroxide, diluted to 180 c c , and dipped in a thermor 
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 and a 5-cc. aliquot by iodometry.3 

In the sulfite method, 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 hydrochloric acid 
by using rosolic acid as an indicator. When an acidic or 
alkaline reaction medium 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 was poured into ca. 10 cc. of 0.5 N 
sodium hydroxide, added 25 cc. of 0.05 N iodine solution, 
then 7-8 cc. of 1 A7 hydrochloric acid after five minutes, 
and thereafter titrated with 0.05 A" 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,4 in which 1 mole of melamine was 
stirred with 3 moles of 3 5 % formaldehyde of />H 8.0 at 70° 
until the dissolution was complete, heated for additional 
five minutes, cooled readily, filtered, washed with meth­
anol and then dried in vacuo. This crude product, con­
taminated with a small amount of melamine, higher con­
densate and formaldehyde was difficult to purify; it was 
dissolved in warm water, filtered and evaluated with both 
sulfite and iodometric analyses. The results indicated 
that the sulfite method measures solely the formaldehyde 
present, whereas the iodometry can estimate not only for­
maldehyde but methylol group present mainly as trimethyl­
olmelamine5 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 one 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 
hydroxymethylated state is surely trimethylolmelamine.6 

(B) Methylene-bonded Melamine.—Even a dilute solu­
tion as used in the rate measurement emulsified after ca. 20 
minutes at 70° and />H about 5. After allowing to stand 
over three hours at the temperature to complete precipita-

(3) J. F. Walker, "Formaldehyde," Reinhold Publishing Corp., New 
York, N. Y., 1044, pp. 256. 

(4) E.g., (a) J. K. Dixon, N. T. Woodberry and G. W. Costa, THIS 
JOURNAL, 69, 599 (1947); (b) C. Kitagawa, J. Chem. Soc. Japan, S3, 
181 (1950). 

(5) Hexaraethylolmelamine is also known. However, 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 is either originally present or produced by 
the reaction of sulfite, accelerates the decomposition of methylol­
melamines into melamine and formaldehyde (cf. equation 9), 

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 iodometric 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 4Q°). 
The hydroxymethylation is reversible and resembles that 
of urea.7 Since 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 VA 
may be expressed as 

I1A = k(3m — x)(f — x) — Wx (1) 

Hete, k and k' are the forward and reverse rate constants, 
respectively, m and / the initial concentrations (moles/1.) 
of melamine and formaldehyde, respectively, and x the con­
sumed concentration of formaldehyde after t seconds. The 
integration of the equation leads to 

(3tnf — XeX)Xe\ 
k = 

*' = 

^ i 

(3 m/ — xe
r)t (xe — x)Zmj 

(Zm - Xe)(J - xe) 
(2) 

where xe is the x at equilibrium state, which may be deter­
mined graphically by plotting the conversion percentage vs. 
time. Table 1(a) lists the rate constants k and k' with 

TABLE I 

T H E RATE CONSTANTS OF HYDROXYMETHYLATION AND THE 

FORMATION OF METHYLENE BRIDGE: T H E EFFECT OF THE 

MOLAR RATIO OF REACTANTS 

(a) Hydroxymethylation 

Temp., 
0C. 

40.0 ± 0 
40.0 ± 
40.0 ± 
35.0 d= 

*— Initial 
M 

Melamine 

. 1 0.100 

. 1 0.050-0.125 

.1 .050- .150 
,1 .035- .065 

concn, 
M Formal­

dehyde 
(/) PK 

0.050-0.300 7.7 
0.100 7.7 

.100 3.8 

.100 10.2 

* av 
ft»v X 10' X 
(l.-mole'-1 10* 

sec.- ' )" (sec."1) 
2.14 ± 0.03 0.43 
2.11 ± .04 ,46 
0.72 ± .01 .76 
6.2 =c .1 .56 

(b) The formation of methylene bridge 
*"av X 10! 

(l.s-mole^'sec.-1)" 
70.0 ± 0 . 2 0.100 0.050-0.300 4.9 2.67 ± 0 . 0 4 

0 Figures following ± mean probable errors. 

TABLE II 

T H E RATE CONSTANTS OF HYDROXYMETHYLATION OF 

MELAMINE: T H E EFFECT OF pK 
(a) Alkaline media at temp. 

35.0 ± 0.1° 
Initial concn.: melamine, 0.05 .Vl; 

formaldehyde, 0.10 M 
h X 10' 

(b) Neutral and acidic media 
at temp. 40.0 ± 0.1° 

Initial concn.: melamine, 0.10 M: 
formaldehyde, 0.10 M 

k X 10' 
/>H 

7.6 
9.0 
9.5 

10.0 
10.2 
10,4 
10.5 
10.6 

(l.-mole-'-sec. ^1)" 

1.62 ± 0.01 
1.89 ± 
2.54 ± 
3.76 ± 
6.3 ± 
8.9 ± 

11.7 ± 
14.1 ± 

° Figures following ± 

.02 

.03 

.04 

.1 

.2 

.2 
2 

mean 

PH 

7.7 
5.8 
5.3 
4.9 
3.8 
3.0 

probable 

(l.'mole '*sec. v)a 

2.14 ± 0 
2.13 ± 
1.94 ± 
1.35 ± 
0.72 ± 
0.74 ± 

errors. 

.03 

.02 

.03 

.02 

.01 

.01 

G. A. Crowe, Jr,, and C. C. Lynch, THIS JOURNAL, 70, 3795 
(1948). 
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varying molar ratio of reactants. Table II shows the 
effect of pH on the value of k with a constant molar 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 hydroxymethylation was so 
rapid that the reaction mixture soon reached to a mobile 
equilibrium. Since a reaction between aminomethylol and 
amino group is rate-determining, the rate VR may be given, 
as that in the aniline-formaldehyde condensation,3 in a form 

tB = k'(3m - z - 2y/Kf - z - y) (.'J) 
Here, k" is the rate constant, y the concentration (moles/1.) 
of formaldehyde consumed for the methylene bridge forma­
tion after t seconds, z the concentration of formaldehyde 
consumed for the hydroxymethylation. As described 
above, z may be determined from the difference in two ana­
lytical methods; this value became a constant soon after 
starting the reaction and tends to decrease slightly with the 
procession of the condensation, but the decrease was neg­
ligibly small during the rate measurement.3 The rate con­
stant k" may be calculated by integrating equation (3) as 
follows 

k> = • .. . )hlVz-.ziwm --...= --y> 
('Sm — 2 / + Z)1II ('Sm — z X/ — z — y) 

(-0 
. _._(3?«_j- 2 / + z)2y I 
(Sin - Z)CSm - z - 2y)^ 

These k" values with various molar ratios at a constant pll 
are shown in Table 1(b), which proves the adequacy of 
equation (3). Although it would surely be desirable to 
list also the data with varying concentrations of melamine, 
the change of the concentration of basic melamine in weakly 
acidic solution brought about a considerable change in pH, 
which also influenced the reaction rate to a larger extent as 
described below, and hence this experiment was abandoned. 
The values of k" tabulated were calculated from the data with 
less than 3 5 % conversion of formaldehyde. They hold 
fairly good constancy within this range, but tend to de­
crease as the condensation proceeds over and it becomes 
apparently more accurate to replace the term ('Sm — z — 
2y) in equation (3) by (Zm — z — ov). It thus appears that 
there is very small range in which (Sm — z — Sy) or ('Sm — 
z — 4y) may be applied; these facts would be accounted for 
by assuming that the three amino groups in a melamine 
molecule have the same reactivity for methylol group at 
early stages of the condensation in a dilute solution, but as 
the reaction proceeds the reactivity falls rapidly by the 
production of sterically hindered amino groups in the con­
densate. 

The effect of pH on the rate was roughly measured by com­
paring the reaction ratio after definite time, because the 
solution soon became turbid or the reaction velocity was 
slow. The pH values listed in these tables 'were measured 
at 25° by means of a glass electrode. 

TABLE III 

T H E COMPARISON OF THE RATES OF THE FORMATION OF 

METHYLENE BRIDGE: T H E EFFECT OF pll AT TEMP. 70 ± 1° 

In i t i a l conen . : me lamine , 0.10 .If; fo rmaldehyde , 0.10 Xt 

P H 

"). S 
5 . 0 

Convers ion , %n 

After After 
15 mill. 110 niin. 

1") 
17 

20 
30 

PU 

•1 .3 

3. .S 

Convers ion , %a 

After After 
30 miu. BO min 

13 
5 

19 

'.) 
5.2 21 37 
4. <J 11 ' 20 

" These values show the amount of consumed formalde­
hyde which is measured iodometrically, i.e., the conversion 
percentage of formaldehyde into - C H 2 - 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, i.e., the reaction 

Oga M . Ok-nm ,M. Suyawara , T m ; ; J O U R N A L , 73 , (Si V. 
(1'15I). 

(9) Th i s would be a t t r i b u t e d to t he faet t ha t a m i n o groups in t he 
condensa t e of lower molecular weight arc as easily h y d r o x y m e t h y ] -
a t ed as those in nielamiiu it si if. 

of the conjugate base of melamine with formalde­
hyde, tha t of melamine with formaldehyde and 
tha t of melamine with the conjugate acid of form­
aldehyde (cf. equations 6, 15 and 12). 

Like the urea-formaldehyde condensation,10 the 
hydroxymethylation in alkaline media appears to 
involve an at tack of nitrogen anion of melamine on 
the carbonyl carbon of formaldehyde. This mech­
anism will lead to the rate equation previously 
described. The mechanism involves the stages 

AIH + OH~ ^Zf: AI- + H2O (fast) (o) 

Ar- -i- HCHO ^ r ? : M C H 2 O - (slow) (6) 

MCIl=O- + H2O T"*" MCH2OH + OH- (fast) (T) 

where M H is a molecule of melamine, M - an anion 
of melamine. Equilibrium (5) is probable because 
melamine is able to form metallic salts1 and further­
more the solution of it in dilute aqueous alkali 
shows pH which is consistent with this equi­
librium (A'A = ca. 10~12). I t has been known 
from polarographic investigations10 '11 t ha t the 
degree of hydration of formaldehyde, i.e., the equi­
librium constant of equation H C H O + H2O <=* 
CH2(OH)2 , is much influenced by pH, especially 
in the alkaline medium. But there seem to be no 
available data on the hydration degree in such a 
high concentration of aqueous formaldehyde as 
those in our experiments and also our a t tempt to 
obtain these da ta 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 
pll range. 

<ix;dl = A6[ArI[CH2O] - L t [ M C H ; 0 - [ 
kts(3m — X)(J — x) k~(,x 

\ [H2O] / 
/K 1 [OH- ] ~*~ \ 

\. , ^ 7 [H 2 O] / 
'/ 1 [OH-] \ 

— k C-ltii — x)(f — x) — k'x (8) 

where K-0 and /C7 are the equilibrium constants of 
equations (5) and (7), respectively, £6 and k-e 
are the forward and reverse ra te constants of equa­
tion (6), respectively. Although no accurate 
values of K-0 and Kr are available, it would be 
reasonable to suppose tha t K% is a small value, 
whereas JY7 is large. Therefore, in the alkaline 
range where [OH- ] is 1 0 - M O " 6 , [H2O] » Z 6 [ O H - ] 
and [OH-] -C Zv7[H2O], and hence k and k' should 
be related to [ O H - ] in expressions 

k == VC5[OH - 1/[H2O] and k' = *_6[OH ]/A'7[H20] (9) 

The values £ / [OH~] were calculated from data 
at pll 10.0 -U)Ai in Table I I (a) to be 3.8, 4.0, ,'3.G, 
3.N and 3.5, holding constancy, which supports 
this mechanism. 

In the hydroxymethylation in acidic media, the 
rate-determining step is surely an at tack of the 
conjugate acid of formaldehyde on the nitrogen of 
melamine and such a mechanism, i.e. 

MH + H3O "• 

HCTlO + H3O + 

MH ! CH,OH • 

: M H 2
+ + H2O (fast) (10) 

CII2OII + H2O (fas! I (11) 

(10) CV. A. Crowe , J r . , and C. C. Lynch , T H I S J O U R N A L , 7 1 , 3731 

(11) Ul). 
( 1 1 ) K. Yrscly and R. Brd ieka , Collection Czccho^lov. Cham. Cam. 

•ir.in.- , 12, :n : j (ItIlTi 
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readily leads to a rate equation, where MH2"
1 

is a conjugate acid of melamine 

dx/dt = Ai2[MHJ[CH2OH] - A-I2[MCH2OHJ[H3O + J 
ku (3m - x)(f - x) 

!1 + 

= A (3m 

JCi0[HaO + ]/ 

[H2O] \ 

- x)(! - x) 

[H2O] 

Kn [H3O ^ 

- k'x 

+ 1 
A-I2X [H3O

 + ] 

(13) 

Here, K's represent the equilibrium constants of 
subscripted equations and ku and k-a are the rate 
constants of forward and reverse reactions of equa­
tion (12), respectively. The observed value of 
Kn is very small (0.9 X lO"4 at 23°)u and hence 
[H2O] » Xn[H3O+] when [H3O+] is smaller than 
10~3. Consequently, a relation13 

A12X11[H3O
 + ] 

A = (14) 
[H2O] + X10[H3O4 

holds under these conditions. The value of Kw 
in this equation has been measured to be 5.5 X 
106 at 25°.14 Therefore, as expected from equation 
(14), k should increase linearly as [H3O+] increases, 
if [H3O

 + ] < ca. W~6. But if [H3O+] > ca. lO"4, 
k should become a constant independent of [H3O

 + ]. 
This expectation is satisfied with data at pH 3.0-
3.8 in Table 11(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=O + H2N —>) 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. 

M H + H3O+T^ZT. M H 2
+ + H2O (fast) (10) 

M H + HCHO T - * ' MCH2OH (slow) (15) 

dx/dt = A15[MH][HCHO] - k-u[MCH2OH] 

kv,(3m — x)(f — x) 

1 + 
ifio[H30 + ] 

k-uX 

[H2O] 

= A (3m - x)(J - x ) - k'x (16) 

where ku, and k-n are the forward and reverse rate 
constants of step (15). Consequently, 

Au[H2O 
A = 

[H2O] + X 1 0 [ H 3 O + ] 

Trogus and K. Hess, Ber., 

(17a) 

67, 174 (1934), (12) M. Wadano, C. 
K B = 1.62 X 10-»». 

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

M H 2
+ + CH2O T^TTI H M C H 2 O H + (12') 

This appears to involve a cationic attack OfN + on a positive center 
of carbonyl ( C + - O - ) carbon, but it seems less probable than that of 
HOCHi+ on N based on the electronic theory. Perhaps such attack will 
only be possible on a negative oxygen of carbonyl. [C/. the formation 
of semicarbazone (THIS JOURNAL, 54, 2881 (1932); 66, 1962 (1934)) 
and the reaction of nitrile with formaldehyde (ibid., 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 (12') 
might occur since free -NHs's remaining could react even after being 
added a proton to a melamine molecule. But it is not right, be­
cause the concentration (Zm — x) in our rate equation does not mean 
that of melamine. but that of amino group. 

(14) J. R. Dudley, ibid., 73, 3007 (1951), KB = 1.0 X 10"». The 
difference in KQ values of melamine and methylolmelamines would 
be small. For instance, the value 1.0 X IO-1-1 was given to di-
methylolmelamine (see ref. 4a). 

The relationship requires that k is nearly constant, 
if [H3O+] < ca. 1O-8, that k is inversely propor­
tional to [H3O

 + ], if [H3O
 + ] > ca. 10~4, and that 

k decreases gradually with [H3O+] in the neighbor­
hood of [H3O+] = 1O-5 where both first and second 
terms in the denominator of equation (17a) are not 
negligible. The data at pB. 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 [H3O+] in equation (10) is very 
small. The relationship 

A = 
1 + X[H2O] 

(17b) 

may thus be derived easily. Here, K is the equilib­
rium constant of the hydration of formaldehyde. 
The results at ^H ca. 7-10 in Table II (a) seem to 
satisfy this equation quantitatively 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) becomes mobile, the steps and rate equa­
tion should be expressed as 

MCH2OH + H3O + 

MCH2 + M H — 

ZT MCH 2 + 2H2O (fast) (18) 

MCH2M + H + (slow) (19) 

dy/dt = A19[MCH2][MH] 

= A 1 9 X 1 6 T S T I 8 [ M H P [ H C H O ] [ H 3 O + ]Z [H 2 O]= 

_ ^KuKti (3m - z - 2y)Kf - z - y)[H30 + ] 

l + ^ 0 \ 2 [H2OP 

A" = 

[H2O] 

k"(3m - z - 2y)\f - z - y) 

C[H3O + ] 

[H2O] +Xi0[H3O-* 

(20) 

(C: a constant) (21) 

Here, &19 is the rate constant of rate-determining 
step (19). From equation (21), a maximum value 
of k" can easily be obtained at the pB. where dk"/ 
d[H30+] = 0 or [H3O

 + ] = [H2O]/A'10 = IO"-6, 
which agrees with the data shown in Table III. 

The formation of ether linkage -CH2-O-CH2-
may be less probable, since the 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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