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Analyses of Cocondensation of Melamine and Urea
through Formaldehyde with Carbon 13 Nuclear

Magnetic Resonance Spectroscopy.l

Bunichiro TOMITA8a and Chung-Yun HSE8a
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The '-c- NMR (carbon 13 n\x:Jear "'.IJIetjc~) spectra of urea.formaldeilyde (UF) re8iI-.
meIamiIIeoformaldehyde- (MF) re8im. and IMI.mi--~.formaJdebyde (MUF) coc~ re8ns
syn~~!~ under vari~ coaditiu taken with . freQ1BK:Y of 75 MHz. The main purpoe was
to investipte whether or not the ~ of cocODdelRtion between melamine and urea throU8h
the formations of methylew or dimethyl.-. etber linkaaes could be identified. The sianals due to
carbons of methylew link... of UF resins dj8tinIuilbable from thc* of MF resins. The
sianals due to carboD8 of cocondell8ed methylene link... (-NH~H,-NH-). in which both nitroieft
atoms are ~orxJary."" ~ to be identifiable ~tely from thC* due to UF and MP
resins. The corr~..ii1W ~ of dimetbylene -- link..- of UF aIKi MF resins could be
identified clearly by the diff~ of their cbemicaJ Ibift8 of 0.9 ~ The carboo silnala due to
cocondell8d dimethylene sber Iiftkqes foulxi to appear at the chemical sbitt. betw~ ~

due to ~ and MF reIi-.

K,y,.o1'ds: meIamine,~. f«88JdebY*. coc0nd88tioa. C-13 NMR.

1. INTRODUCTION

It is wen known that the i~orporation of melamirw
into !D'e8-formaJdehyde (UF) resins upsrades the
perfo~ ...s controlling fonnaldehyde emissiorw
of UF ~ ~ products, and melamine-urea-
fonnaJdehyde (MUF) coconden8ed resins have been
applied widely to the manuf8Cturinc of plywood.
particle board. and laminated wood. However. the
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2.3 ~ 01 MF raiu
Aqueous melamine resins (MF-l and MF-2) were

synthesized with the molar ratio of F/M=3 by two
..: (l) melamine wu added to formalin, ~ pH
previously was adjuRed at 9.0. and methylolation W18
perfonned at SO.C for 15 min; (2) condenlation wu
perform.t at the anw temperature for the tarIet
reaction times after con'ectil'll the pH to 6.4~.6.
Then the reaction mixtures were cooled and their pH.
were adjuIted to the ranIe of 8.0-9.0.
2.4 'JC-NMR M_~t

Fourier transform 'I(-NMR spectra were obtained
on an AC-P 300 ~Uu.I.eter (Brukm-) at a ~
of 75 MHz and a pujIe delay of 4 ~ with inv~
proton decouplinc. Each a~ resin wu diluted
direc:tiy with DM5O-de. arxI W'U u..s u a NMR
sample. The chemical shifts were calculated by
definina a '1( chemical shift of DMSO-d. u 39.7-39.8
ppm or by that of internal methanol as 44.9 PIXD-

reaction mecbanisn of the cocondenaation of
melamine and urea with fonnaldehyde baa not been

explained clearly. althouah many reIearchen have
made efforts to detennine the occunence of the

cocondensation.
In earlier work. a strona reMmblarx:e UMXpectedly

was obIerved bet... the II(-NMR (~ 13

nuclear magnetic raonance) spectra of &q\8)\18
meiamiM-fonnaldebyde (MF) reIin and UF resin in
the malDetic field of 40-100 ~ where' all of the
combined methylene carbona afford silnal.. and it
wu found that the chemical shift of e8Cb ~ of
MF resin was mperimpoeeci on ~ of UF re8n."
Furthermore. it also was confinned that the spectnJm
of MUF resin was indiltinauisbable from ~ of UP
and MF resins in the ~ maanetic field.

This ~rch initially f~ on basic studies of
the reaction betw~ melamine and Uta with fonual.

dehyde to determine the eff«t of re8Cti~ conditiOlW
on coconciel8tion aJxt the cb8Di"~1 ~ of
MUF resina. In this paper. preliminary obIervatiOlW
are made of 'JC-NMR ~ of UFo MF. and MUF
resins re-investipted with a 75 MHz apparat1&

3. RaULTS AND DISCUSSION

3.1 RfPi.- of I.C-NAIR sI8d1 ON UF. AlUF. ad AlF
,aj,..

The ~ of UF reIiM have been analyzed
with lac - NMR ~'lJ: '*0P1 by many worken. I-" aJ.t

the ItrUCtur8 of MUF cocondenled re8rw have be8t
compared with ~ of UF re8inI aJ.t MF r8iIW in an
eartier work." rl8\D'e 1 shows a comparimn of 'ac-
NMR spectra (meaalred with a frequency of 25
MHz) between UF aJ.t MUF resins. from earlier
"*IIts. It can be ~ that all the carboM due to
combined formaldehydes ,aYe broad sipala. For
example. SipaJ e attri~ to the methyl8le carbon
(-HN~HI-NH-) of UF re8IW was bro8d in Fi8Ufe 1.
aJ.t its dIeInica1 shift was 8Iperimpoeable with that
of the correlPOlKlina carboIW of MUF coconderl8d
r8n. It was COIK:Iuct.! that the cocor-.-'-: RIeth.
yl- carbons of MUF reIiM cannot be diltil18Ui~
from the methyl- carbons of UF aJKi MF reIina.
Moreovu. it was fowMi that eaclt chemical shift of the
correspo~1II carbon of the combined formaldehyde.
i~ludinc a dimethyl- ether linkaae. i. 8Iperimpoea.
bIe &IDOaI the three reS-. Therefore. the occur.
~ of a coconderl8d methyl- linkaae aJ.t a
dimethylene ether linkaae could not be judled by the
~ at a frequeIx:y of 25 MHz.

2. EXPERIMENT

2.1 .~~ of UF ,.;.,

UF. MUF. and MF ~ were ~zed from

commercial urea. melamine. aIKI 37~ formalin.

relPectively. Two kir* of UF 18m (UF-l aIxI UF

-2) were synthesized by the ~ond addition of urea to

the resin initially pnpared with a molar ratio of F I

U=3 at pH 4.75. The final molar ran. of ta. two

resins were F/U=I.4 aad 1.7. ~ve1J. Eachr8n

wu ~trali- in the final The r8iD (UF-3)

of a molar ratio of F/U=3.0 .. .7-.:~~1ed 8t pH

1.0 accordina- tCJ=dle common method for preparinc

UF-concetrate. Two kiJMI8 of UF reIi.-. UF-4 aIKI

UF-5, were c~ial ~ ~1ied by MitlUitoat-

IU Chemical Company.

2.2 ~ of MUF ,a;.,

Three kinds of MUF resins..- syntb81ed in two

1t8P8: (11 melamine. urea. aIxI fonDalin WS'e mixed in

their taraet molar ratiO8, ~tely. and reacted at
8O"C at pH 4.75; (2) the mix~ W8"e ~~ to pH

7.7 and reacted at 8O"C for a certain time. The molar

ratios of MUF-I. MUF-2, aIxI MUF-3 3/1/0.35,

3/1/0.35 a1K13/1/0.5. ~vely.



rlJ. 1. 'ac - NMR spectra (25 MHz) of (1) ura r8D aIKI (2) commercial melami..ura r8D
in water IOlutiOft.
Sitnal a8i8Dment8 are common to the two r8i1W: Ca) -NH~H.oH. Cb) -NCCH.-)
CH.oH. (b') -NHCH~H.NH- aIKI-NHCHaOCH.OH. (c) -NHCHaOCH.. (c') -N
(CH.-)CHaOCH.NH-. :-N(CH.-)CH~H-;N(CH.-)-. aIKI -N(CH.-)CH.o-cH.
OR. Cd) :-N(CH.-)~HaOCH.. (8) -NH~;NH-. (f) -N(CH.-)~H.NH-. (I)-:N(CH.-)
~H.N(CH.-)-.
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3.2 "C-NMR ... of ...,-. ~ of UF

alldMF,..,
TM "C-NMR spectra of five kirxI8 of UF reIi.-.

tI.- kiI8 of MUF ~ aM two kia of MF

re8i.- wce obtained with a frequency of 7S MHz. aM

their spectra of methyl~ feliOIW betWMIl 45 aM 55

ppm are Ihown in "\8. 2. Table 1 IUmIDariZ8 tile

rMUlt8 of -1IImeIIt8 of chemical Ihifta for tile t81

kiI8 of re8ia AltbouP tile dlelDicaJ sbifta w~

determiJ.I I8D8 internal DM5O-de or metbanol.

their calculated va\\8 could not be employed always

for direct Comll8rimIW bca.- of IettiII8 errors --

defiDiJII tile chemical shift of tile Itandard.

In Fic. 2 tl.-1isnaJs <a, b. aM c) are ~08Di.ct ..

UF reIina. wbereaa tile ~trlDD at 2S MHz ..ve only

OM broad 8InaI in this felion as Ibown in Fi". 1. TM

sipa1s appeariJ18 in this recion already were --.ned

to methyl.- carbo~ of -NH~H.-NH-. where both

-
~

Mup-a
_.48.TO
_.4T...

4T.80
48.88

A Compari8Jn of 'I(;-NMR spectra (75 MHz)
in the re8i0l8 of methylene link8ie8 of urea
re8iI8 (UF). iml._i- r8I8 (MF) . 8IMi
melamine-urea resina (MUF).
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Table 1. lac ~cal sbifta of urea resi... melami~ resins. and meJami~.urea resins.

70.18 69.M
-NH-c.H~.oH

I~f I 69.31 ~40- r
I 70.20

adjacent ami. Irou.- are 8;orxJary. Therefor-,
theBe ~littinp Ibould be cIeri- fna . eifa of
~tution at the delta.p08t1oe, that II. ~tudon
to amiJe ~ at the odI8' 8R of ~ ur8 ~

The folJowill8 ~ can be ~~?-~ for --
=.1 4 of it;"" 1D8thy1-."car-. -~=--::_~~:

H.N-CO-NH~H.-NH-CO-NR. [0).
H.N-a>-NH~H.-NH-a>-NH(CH.-) ( I ].
(-cBS> HN -a>- NR~H.- NR -co- NH (CR.-)

(U).
H.N-a>-NH~H.-NH-CO-N(CR.-). (U').
(-CH.) HN-a>-NH~.-NH-CO-N (CR.-).

(II).
arxI (-CHS>.N-CO-NH~H.-NH-CO-N(CH.-).

(IV].
AlthOUlil the above five muct1D8 coIIIicIered

for the methyl~ linkap ~ only ~ ...
naJs could be rKOID~zed in rIC. 2. It... reported by

Stotben tbat the ~tUtiD8 effKt of a carbon atom
at the delta.~tion ia L"~ down. field shift by 0.3
~ and that to the ~lOD--tiOD i. r-.li,ible.. It
al8O wu reported that the ~ic8J IhHt of a medI.
y1elle carbcx1 dIa to dimedlyleaetriura ia '- by 0.4
PIXD than that of medlyl.-diura.N On the other
band. the di::ga~ ., ChemJca} shift betw_. SilnA18
a and b Is 0.7 ~ aDd that ~w~ Sicnals b and c
is al8O 0.7 ~ Thereto.-. tIa a8icIIment of ~
three 1ilDal8 C8Imot be att8iDed comp~y at tbi8
time *a18 five ItructuIW can be considered.
Howev.-. if the ~~-- of Sb'ucture (0]. that ia.
medlyl88liura. .. ~ (I] iD ~ --
are I-cti8ihIe. SilDai a caD- be -.. aiely to
StnJCtur8 (D) or (D']. and Si8D81 b to Em] as well
as Si8II&l c to (IV].

In rl8- 2 the ~tiw inteI8ty of Si8Dat- a Is V8Y
ItnXIC in UF-l syntb81e1 with the sna1Jer molar
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with the coexistence with the Ie1f -colldenled ~
ylme carbon among the urea reIidue. However. the
~.;:E of this kind of coc~ methyl~ stn.:-
ture waa suaested ~ngly by a greater relative
intensity of Siin&l b in MUF-3.

The chemical shift of the medtylene carboI8 of
StnJcture [I] al~ can be calculated by II8inI tb<* of
Sipal c due to StnJcture [IV] and Signal m u fol-
lows:

(c+m)/2= (48.2+47.9)/2=48.05.
Therefore. this kind of cocondel8d l1Iethyl~ carbon
will live a MW sipal between SiIna]a m and c. whOle
preIeIK:e is ~ !tronaly in MUF-2 and MUF-3
u mown in Fig. 2.

As mentioned aboft, the a8igDmeDt of coconden.
sed methyl~ carbcxw J]E..-~ melamine and urea
shouJd be perfonned carefully beca~ all of the
chemical shifts are c1~ to each ott..

The 8ID&la ol.l'v.t at 50-55 ~ in the ~ of
MUF -1. MUF - 2. aM MUF - 3 in Fit. 2 mua be den.

from the methylene carboni of -NH~H.-N(CH.-)-
in which OM of the adjaceut nitnIIeD atoma is
tertiary." Tbe8e sipaja may be due to the coconden-
sed carbons of triaziDe tl!!I.-NH~H.-N(CH.-)- or
tri~ !!!!I-N(CH.-)~H.-NH-CO- aa well as
beinc - to the ~ metby\8W; carbc.-.
Therefore. inve8tiptions on this macnetic field wiD
be required to determine the ~ of the c~

--tiOL
3.4 ~ -- I;, 01 UF; AlF. ad MUF

rISi.a
It baa b-. reported by BIeet aI.t his co-w0rk88

~ the dIemicaI shifts f« the carboI8 of ~
,l-. ed8 1iBka.- of -NH-CH.-o-cH.-NH- ...
10.9 and 61.9 ppm for UP aM MP resius.
~ft1y.. hi earli.. wer:U they w~ 69.4 ...
88.7 JIId, i~u~a7.1.11 ABllllllenta for tIIis ~~
are too ~cated. --- the sipajs of bod
~ due to dimethyiene ed8 Itnkaga .-
bemi8cetaJi2ed metbylot IFOU.- c0ai8 aIwJ oyerI8f
e8cb otW. Howev.-. tb88 cbm!jca1 milts could-
ietifi81 in the IIIeCtr8 of UF -4 UF -5. Beca-

tt. silDals - to acetal methylene of -NH-cH.-O-
CHaaR was. not Feco8Di%ed at tt. chemical milia
abCMlt 8Sppm"~ mTabie 1. it8pr~.;:E. ~
be exchJded."'" As a re8\t, the si8D8I at 69.1 ~
safely w. -~ m tt-.. carf)on of -NH~H.-O-

ratio of F /U = 1.4, which is conlidered to have few

~na stnJCtures. and it decrea8ed with the

increasina synthetic molar ratio u ~~ in UF-2

(F/U=1.1) and UF-3 (F/U=3.0). SilD8l c is ~oa'

nized in UF-3. whereas it is not oberved in UF-l and
UF-2. The UF-3 mult have many brancbill8S at

delta. positions becalJR it was syntbelized with the

larae molar ratio of F/U=3.0. More preci. inv8i.

gatio.. usi:nI model compounds and resi.. will be

nec5IafY to determi~ the chemical shift of each

5tnJCture.
The signal oberved at 50-55 ~ in Fla. 2 already

wu a8i8Ded to the methyl~ carbOl8 of -NH~H.-

N(CH.-)- where OM of the a~acent nitrOl8t aton»

is tertiary.1.I.aI A preci8 a8iImneIIt of tbi8 reIIon

alaoi.~.
Signal m at 41.9ppm in MF-l of F"ta.2 safely W88

aBped to the methyl~ carbo.. of -NH~H.-NH-

between triazi~ rinp. As the methylew ~

have triazi~ ri.. at ~ beta-poatl- its cbemjcaI

shifts will not be varied as ImICb as UF reIi.-. and .

broad SnaJet will be ob.rved. It ~ be notm tMt

Signal m of MF reIin can be diatiI,.-uWlable from ~

Signals a. b. and c of UF ~

3.3 "C-NMR Il1I4lysis of MUF ~ ~.

".,..~
11Ie cocondenled methyl.- C8rtJG-. ~ haw

two adjacent secoIMIary nitrOl8 .~ ~ ~

residue and triazine rinp ~ be ... -- - fat.
lows:

tri~ !!!!i-NH-gI.:-NHiJ)-NH. [X].

triaz~ !!!!i-NH~H.-NH.:ro-NH-CH.-
~ , [y], and

!!i!!!!!! !:!!.w.-NH~.~NR;o<:;O-N(CHt-)~ [Z].
11Ie ~i~ of StnM:tIIrW' [X) ..~ to-be-
aim. at.nt in ~ 'ne c~1 Sift
of the carbon in Stnxt1ft [V] caD "-aJc.-ted by
usina th~ of Si81181 . .. ... ~ [U1 and
Signal m in Fla. a ,.. aD ~... reIMi~p ..
follf)WS : .' "'

(a+m) /2= (46.8+ 41.t)/2=41.15
Therefore, the coc~ metbyl8le' carbon win

give a new siln8i around 41.35PPIL -11owwver. thia

siiD81 will overlap with Sip8i ,,-- to the self.

condensed methyl~ carbOIt. T1wefore. ~ occur.

rence of cocondensation _Stn-=b8e [V]

caMOt be identified only by the pr~0i:6 of thia IiIn81
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l (CH,-)~H,-O-CH.-N. in , .-:tz- ~ The aaalywia of thi. reci~ may live more pr.ci8

informati~ about the cocoIMIeI88tio.-.
UP-I.
.. ...0.
~: ...a8

-
4. CONCLUSION

~ w -
1-

MUP-3
.. ...0.
.: TO.I..

...,.,.

The 'I(;-NMR spectra of UF re8Jw. MF re8Jw. and
MUF cocolldenled rSlI8 were meaaIred with a If.-
Q18M:Y of 75 MHz. Their ~ at 45-50 PIJIn. when
~ of methylene Iinkaaes of -NH~H1-NH- ue
oa.rvecI. .we re-inv8ipted in detail. The chemi.
cal shifts of two kindl of cocondenled methylerw
~ ... caJculated with acktitivity relatiol8i.-
u8III ~ of 8f-cor-..1ea8: methylene carbOI8 of
Vi' and MP r8a The pr~ of the S8D8J8
corre8PQlMlina to the calculated chemical shifts weR
~ monely in the IPec:tra of MUF ~~

-r8-.
FartIw;;.u...re. their ~ at 66-70~ ~ of ~ylene -- lintaaea of -NH~H1-O-

CH.- NH - are ~ alao W8'e re-in~p.~ Aa

a re8Iit. tt. 88rI818 - to c-::-:;.:v~~~~ IDethyJ.-

car-. of the dimethylee edI« 1iDkaaes W8'e ~.
ni8i cleartp bet- the SInaJ. of lelf-condel8d
dimethylene edI« link..- of UF and MP rS-.

...~
J!;J .'.I t MU .-8 -

-I ,

MP-a..

Achow~ Tbi8 reIearch .. perfonned

..-: a-a A88~ No. 19-92-100 betw-. tbe
I.-i~ oC. A8ricu1tur8J ...s For-. £nIjDeeriJI8,
U.~ty 01 T8Ikua-. the Soutb8D F~
Experiment StaUCXI. USDA. ForS Service.
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F"II'. 3. Comparimn of 'IC-NMR ~ (75MHs).
in the relion of dimetbylSle ether rlnta.- Of
urea resiJW (UF). mej iM 18m (MJ'). ~
I.wni_ura ~ (MIJF}.

REFEREN ca
CH.-NH-. 1ft ~ ~ ~ of Fi8o.f~ ~1.
Si1D8J8 e aJ.t f we'e '-'- - ~ caItao-. ~
same kind of methy-. C8rbc8 --- .~.
in the bott.- ~ f~ -I" ~.(W-lk
FIIrtbermore. ~of Si.-8 u. i~-~
in the ~ of aroF~2, ~ - t888 tM
formatiOl8 of dimetby~. -- ~-= ...
dominated only ~ type m -'f.4: .v-_~-=--=ti-..~

the other ba..s. the .. 8IDaI8 at 8.81 ... -.sa -
can be o'-"ed iD tM ~ ~ MUF-~w'-~--
the relative in~~ of Si.-J8,eaad necli8ible. Theref~ it -- CXIefiIm8Ii t8et -

coco.--tim bet"W~ iI8ami- uMi - ta-
place alao trouP tM fermadca of ~~ --
linkage&. The broad silllaJ8 It 7~77~ attri~ to tM dimethyl.- -- ~ ef .N~
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