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Commercially available toluenediisocyanate (TDI) contains 2, 4-and 2, 6-
isomer of TDI. Successful attempts have been madeto determinethe 2, 4-
and 2, 6- isomer ratio of TDI using proton NMR technique at 300 MHz.
The percentage of 2, 4-and 2, 6-isomer of TDI has been cal culated based
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on the methyl protons as well as aromatic protons. The analysis data
indicate that the value of 2, 4- &2, 6 isomersarein ratio of 80:20 having
+0.5 % tolerance. Further, the developed technique does not require any

reference sample as other methods.
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INTRODUCTION

Toluenediisocyanates(TDI) arergpidly gainingim-
portance as chemical intermediates, because of their
useinsolid rocket propd lants, polyurethanefoamsand
elastomerg?. TDI existsintwo isomericformsand the
twoisomersdiffer mainlyintwoways. Firstly, therda-
tivereaction ratesof thedifferentisocyanate groupson
each moleculediffersconsderably’?. Thereactivity of
theortho positionin 2,4 isomer isapproximately 12%
of thereactivity of the para position dueto the steric
hindrance caused by the methyl group. However, when
thereaction temperature approaches 100°C, steric hin-
drance effectsare overcomeand both the positionsre-
act at nearly the samerate. In comparison, the NCO
groupson 2, 6-TDI have equd reactivitiesthough the
reactivity of the second isocyanate group dropshby a
factor of around 3 after thefirst group reacts. The sec-
ondway inwhichthetwoisomersdiffer isthat the2, 6-
Isomer is symmetric as compared to 2, 4-isomer and
thereforeisexpected to form hard segmentswith bet-
ter packing characteristics. Astherel ative proportions

of the 2, 4- and 2, 6-isomers are known to affect the
curing reection rate, whichinturn, affectsthepot life of
the propellant durry and mechanica propertiesof cured
propellant, therefore asuitable method for analyzing
thesemixturesisextremely important.

The conventiond chemica determination of isocy-
anates*9 by reaction with excessdi-n-butylaminefol-
lowed by acidimetrictitration of theunreacted amineis
suitablefor determiningtotal isocyanates. However, this
method failsto distinguish betweentheisomers. Litera:
ture survey revea sthat different methods have been
reported for the determination of isomer ratio of TDI.
Themost common method for the determination of iso-
mer ratioisFTIR method”® whichisbased onthequan-
titative measurement of absorption bandsarisingfrom
out-of-plane C-H deformation vibrations of the aro-
matic ring at 810cm™ and 782cmt. Furthermore, an-
other important method for the determination of isomer
ratio of TDI isgaschromatography techniqueby marcdi
etal inwhich TDI ishydrolyzed to the corresponding
diamine, diazotized, coupled to N-1-naphthylethylene
diamine”® and | ater on the above method was modified
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by Rando™® and M eddle etal™. Another chromato-
graphic methods used for the determination of isomer
ratio of TDI areliquid chromatography and high per-
formanceliquid chromatogrphy!*>17 using derivatized
procedure as well as impregnated paper tape tech-
nique®. In continuation to determination of isomer ra-
tio of TDI, acoated piezo e ectric crystal**?? method
has a so been employed todetect TDI inair.

However, method based on FT-IR, HPLC, Freez-
ing point, Did ectric constant have disadvantagesasFT-
IR method requiresdry solventsaswell asindividua
pureisomersof TDI. HPLC method requiresderiva-
tiveof TDI otherwise separationin columnisdifficult.
Also, freezing point and diel ectric constant methods
requirelargequantity of TDI for calibration.

In continuationto thiswork further, theisomer ratio
of TDI wasdetermined by platten’?” usng NMR tech-
nique taking in consideration of resonance of methyl
protonsin hexafluoro benzene. However, thismethod
describesthedetermination of isomer ratio of TDI based
onmethyl protonat 60 MHz. Further tothis, TDI con-
tain both aliphatic and aromatic protons and platten
study reved sthat determination of isomer ratio of TDI
was based on methyl protonsonly anditisalso clear
from theliterature survey that determination of isomer
ratio of TDI based on ali phatic and aromatic protons
hasnot been reported. Therefore, asuccessful attempt
has been carried out to determineisomer ratio of TDI
taking full consideration of both methyl and aromatic
protons using NMR technique at 300 MHz to have
better resolution.

In thefollowing section, wereport the method of
determination of isomer ratio of TDI usngNMR tech-
niqueat 300 MHztaking full consderation of both methyl
and aromatic protons.

EXPERIMENTAL

Material

Toluenediisocyanate, purity 99.53 %, used for the
analysisisamixtureof 2,4 and 2, 6- isomersand pro-
cured from Bayer, Germany BSAF-U.S.A., DOW-
U.SA., Mitsui chemicas-Japan and Konnate-K orea.

M easur ements
Proton NMR analysiswascarried out on 300 MHz
Hnalytical CHEMISTRY o

instrument using CDCI,, asasolvent and tetramethyl
dlane(TMS) asaninterna standard.

RESULTSAND DISCUSSION

Inamoleculeof TDI, n electronsaredelocalized
cyclically over thearomatic ring. Theseloopsof eec-
tron areinduced to circulatein the presenceof the ap-
plied fied, Bo, producing asubstantid e ectric current,
cdledthering current.

2, 6-TDI

2,4 TDI

Theinduced magneticfieldisdiamagnetic (oppos-
ing Bo) inthe center of thering, whilethereturning flux
outsdetheringisparamagnetic. So protonsaround the
periphery of thering experience an augmented mag-
netic field and consequently cometo resonanceat higher
va uesthanwould otherwisebe so. Protonsheld above
or below the plane of thering resonate at low d val ues.
In general greater the shielding, lower the precisional
frequency or lower & vaue(upfield) and higher the
deshidlding, higher thed va ues(downfield).

Calculation of isomer ratio from peak area of
methyl protons
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TABLE 1: Chemical shift valueof TDI

Chemical . Couplin
| somer Proton <hift Multiplet congan?
Hy Methyl & =2.300 s -
Hc NCO Ha ©8=6.798 d J,=21Hz
1 Ho &=6.836 dd J}3~=8.1Hz
Hb Ha - - - Ja=21Hz
NCO Ho 5=7112 d J=81Hz
oon. L% vco Methyl =1600 s -
2 jf;( Ho 5=6940 d Ju=81Hz
neTL, "t He 8=7247 s -

Hb

TABLE 2: | somer ratio from methyl proton peak area

Peak Total area | somer

Sl.no | somer Proton area (2,4+2,6) content
CHj,
Hc NCO
1 Methyl 45.15 56.68 79.66 %
HD Ha
NCO
CHg
OCN NCO
2 Methyl 11.53 56.68 20.34%
Ha Ha
Hb

Themethyl group in 2, 6-isomer resonateat 6 1.6
whereasin 2, 4-isomer methyl group resonateat 6 2.3.
Thechangein chemical shiftin 2, 6-isomer isbecause
of themethyl groupisflanked by twoisocyanate groups
and mored ectron dengty (el ectron donation from both
isocyanate group) around methyl protonswhich shieds
the hydrogen nucleusfrom theinfluence of theapplied
field B , thereby causing the methyl proton resonate at
low 6 valuecompared to 2,4-isomer wherethe methyl
protoniscomparaively lessshidded. Sincemethyl group
in 2, 4-isomer and 2, 6-isomer resonate at different &
values, therefore, itispossbleto determinetheisomer
ratio by measuring the peak areafromthe NMR spec-
trum (Appendix-1) and accordingly TABLE 1 shows
thepesk assgnment and chemical shift valuesof TDI .

Peak areaat 8 2.3is45.15 (dueto 2, 4-isomer methyl proton)
Peak areaat 8 1.6is11.53 (dueto 2, 6-isomer methyl proton)

Total peak areais56.68 (TABLE 2)
Percentage of 2, 4 isomer = 45.15x 100/56.68 =79.66 %
Percentage of 2, 6 isomer = 11.53x100/56.68 =20.34 %

Calculation of isomer ratio from peak areaof aro-
matic protons

Isomer ratio can aso be determined by measuring
peak areaof aromatic protonsbecausein 2, 4 and 2,

—= Fyll Paper

6-1somer protonsresonateat different ¢ values because
of dectronic effect of methyl andisocyanate group.

2, 6-Toluene diisocyanate (2-methyl-1, 3-phenyl
enediisocyanate)

CHj

OCN NCO

Ha
Hb

Ha

Itisclear fromthe NMR spectrum that proton H,
appearsasabroad singlet at 6 7.247 with peak area
equa to 6.51. whereas proton H_ coupleswith proton
H, and appears asadoubl et centered at & 6.940 with
peak areaequal to 12.96 and coupling constant J, =
8.1Hz, atypicd vaueof ortho coupling.Alow 6 vaue
for proton Hais dueto electron donation from isocy-
anate group which shieldsthe proton from theinfluence
of externd magneticfield comparedto H, protonwhere
it ismetato both isocyanate groups. Thus, total peak
areaof 2,6-TDI is6.51+12.96 = 19.47

CHj
Hc NCO

Hb Ha
NCO

2,4-Toluene diisocyanate (4-methyl-1, 3-phenyl
enediisocyanate)

TheNMR spectrum clearly reved sthat proton H,
appearsasadoublet centered at 5 6.798 with coupling
constant J, = 2.1 Hz, atypica vaueof metacoupling.
Proton H, appearsas doubl et of doublet centered at &
6.836. Proton H, coupled with proton H_givesadou-
blet with coupling constant J,_= 8.1 Hz. Also, proton
H, coupled with proton H_gives adoubl et with cou-
pling constant J_, = 2.1 Hz. Proton H_also appears as
adoublet centered at 6 7.112 because of its coupling
with protonH, having coupling constant valueJ, =8.1
Hz. The position of each peak isin accordance with
el ectronic effect of methyl andisocyanate groups. Peak
areaof protonH_andH, is47.79. Peak areaof proton
H.is32.74(TABLE3).

Total peak areaof 2, 4-TDI is47.79 + 32.74=80.53
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TABLE 3: | somer ratiofrom aromaticproton peak area
Total

| somer
Sl.no | somer Proton ea area content
(2,4+2,6)
] CHs
c NCO
1 HatHo 47.79 100 go530%
HE H. 3274
Ha
NCO
CH,
OCN NCO
2 e 1§§f 100 19.47%
H& Ha b '
Hb

TABLE 4: | somer ratio of TDI based on methyl and aromatic
proton

Methyl proton Aromatic proton

Slno Source %24 %26  %24%26
1 Bayer,Germany 79.66 20.34 80.53 19.47
2 BASF-USA 80.12 19.88 80.27 19.73
3 DOW-USA 80.34 19.66 79.82 20.18

Mitsui
4 emica o Japan 79.42 2058 79.95 20.05
5  Konnate/Korea 79.63 20.37 80.41 19.59

Calculation of isomer ratio

Total peak area 2, 6-TDI +2,4-TDI =19.47 +80.53 = 100.0
Percentage of 2, 4-isomer =80.53 x100/100=80.53 %
Percentage of 2, 6-isomer = 19.47x 100/100=19.47%

Further tothis, TDI samplesfrom different sources

Viz; Bayer-Germany, BASF-USA, DOW-USA and
Mitsui chemicals-Japan and Konnate-K oreawere a so
anadyzed usi ng the devel oped techniqueand results ob-
tained are presented inthe TABLE 4. It isclear from
the TABLE that percentage of isomer ratiosof 2,4 and
2,6-TDI based on methyl and aromatic protonsarein
agreement with the specified va ueswhi ch further sup-
portsthe authencity of the devel oped technique.

CONCLUSION

Determination of isomer ratio of TDI ushgNMR
technique at 300 MHz has been carried out success-
fully. Result obtained using thistechnique showsthat
+0.5% variation. This technique not only takes less time,
but al so does not require any reference sample asother
methodsrequire. Also, thetechniqueismorerdiable,
rapid and accurate.
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