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Abstract .  The improved method of  C-13 NMR for
Emaf invest igat ion of  coal  ext racts and
coal  tar  p i tches is  proposed in th is  Paper '  Th9
new methoá is characterlzed by direct heating of
samples over the softening point. into the melted
state. Some advantaqes whlch make it possible.
ió-gét  h igh resotut ión sPectra in  h igh s/N rat io
for  a shoi t  Per iod are d iscussed.

Introduction

Carbon- I3  Four ie r  Trans form Nuc lear

Magnet ic  Resonance (CMR)  can be  a  use fu l

teóhnique to del ineate the carbon backbones

of  complex  coa l -der lved  mater ia ls '  I t s

measurá.ettt  may be used in both l iquid and

so l id  s ta tes .  However r  the  method o f  CMR

in  so l ids  (cP/MAS method)  lacks  su f f i c ien t

resolut ion to deduce the structural compo-

" i t lo t t .  
In  l iqu id  s ta te  measurements ,  the

main problem iÁ the fact that many coal-

derivéd materials are not soluble enough

in  so lvents  su i tab le  fo r  C! tR.
Remarkable sPectrum of hard-coal-tar pitch

us ins  r2C enr iched CDc l3  as  a  so lvent  was

reooited.t Hotever, the method is lmprac-

t i tal  for the routine use, because of 5-

day t ime period needed for measurement due

to  sample  d l lu t ion  and the  use  o f  the  Pre-
c ious  so lvent .

In thls PaPer, . the improved CMR tech-

nique r¡hich is characterized by direct

n"át:. t tg of samples over the softening point

into tñe melted state is described. The

results show that the structural informa-

t ion of coal extracts and coal tar pitches

óan be  ob ta ined fo r  a  shor t  per iod .2

ExPerimental

CMR measurements were made on the

specimens at a resonance frequency of 15

tt i tz using a JEOL FX-6OQ sPectrometer equip-

Ded with a variable temperature accessory'
buso-d .  was  used as  the  re fe rence fo r  a l l

t h e  m e l t e d  s t a t e  s P e c t r a .  C r ( I I I )  ( a c a c ) ¡

was added to  DMSO-de and CDCI¡ .  CDC' I I
was  used as  the  so lvent  fo r  the  l iqu id

s ta te  spec t rum.  So l id  s ta te  measurement
employeá c ross  po la r iza t ion ,  h igh  Power
rn-deéoupI ing ,  ánd mag ic  ang le  sp inn inq
( C P / M A S ) .

The sample  fo r  the  mel ted  s ta te  mea-

surement vras Put in an NMR samPle tube
wi th  l0  mm d iameter  wh ich  coax ia l l y  con-

ta ined a  cap i l la ry  f i l l ed  w i th  the  DMSO-do

re ference.

The standard CMR measurement condit ions
a r e  a s  f o l l o w s .

Lock! Enternal Lock (D-Lock)
( d o - D M S O  +  C r ( a c a c ) ¡  i n  5  m m ó
c a p i l  l a r Y )

Reference S igna l :  MethyL carbons  o f
de  -DMSO

Pu lse  Wid th :  45 '

Pulse RePi t i t ion Time:  2 sec

Accumu la t i on :  10 ,000  4 '  30 ,000  t imes

Tota l  T ime Per iod:  6 t  17 hours

Temperature :  120 4 '  190"C

Resul ts  and Discussion

Figure I shows the CMR sPectrum of
the satu iated CDCI¡  so lut ion of  the to l -
uene soluble fraction of coal extract
(Pi tch A,  SP 47o3r.  F igure 2 shows that
of  neat  p i tch A in mel ted state at  120"C'
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Flg. I  CMR spectru¡n of saturated CDCI3
Eo lu t ion  o f  p i tch  A.
P u l s e  w i d t h :  4  u s e c  ( f l i p  a n g l e  2 5 o )pu lse  repet l t ion  t i .met  4  sec

fu¡r. -tsr¡tlor ¡ s&-

Pig.  2 CMR spectra of  p i tch A at  l2OoC at
var ious pulse condi t ions.

Table I  Carbon Determinat ion by CMR.

¡|thod Puls. l t€p€t l t l ,on
( t e c .  t 'u / "al f ¡

crtcd Daocple l 0 l . 2 r 0 .  8 0 8

cat€d Damuple { . 1 3 0 .  8 0 5

Nolse Doouple 3 . 7 3 0 . 7 8 9

l¡on-dacoupl. t . 0 6 0 . 8 0 2

Vlsual comparison of the spectrum in
figure I and the lower spectrum j.n figure 2
suggests that ,  even wi th the longer pulse
width and the shor ter  pulse repe[ , i t ión t ime,
the melted state spectrum showé a much high_
er S/N rat io  than the l igu id s tate spectrum.
Apparen t l y ,  so l i d  s ta te  r3C-NMR has  i nsu f f i -
c ient  resolut lon for  s t ructura l  invest iga-
t ion.

As for  pulse répet i t ion t j .me,  two se_
conds which sonsist  of  acquis i t ion t ime of
1 .365  sec  and  i n te rva l  o f  0 .635  sec  a re  l ong
enough for quantitative measurements j.n melÉ_
ed state. Thls is proven by coincidence of
rat los between aromat ic  and a l iphat ic  carbon
atoms of  the l0-sec repet l t ion t ime specrrum
(cen te r  i - n  f i g .  2 ) .  H  ga ted  decoup l i ng  i n
Nuclear  Overhauser Ef fect  (NOE) suppreséed
mode is  necessary for  guant l ta t ive 'measure_
ment  of  quar ternary aromat ic  carbons ( f ig .
2 ,  t a b l e  l ) .

Two-second repetlt ion ti¡ne is supris_
ingly short for the relaxatlon of quarter_
nary aromat ic  carbons.  However,  i f  is  euf_
f ic ient ly  long for  the mel ted method mea_
surement. lhis might suggest that aromatic
f ree radicals ,  which arg éonta ined in car_
boneous p i tches wi . th .  l0  rE -10 te spins/g con_
centrat ion,  p lay an important  ró le iñ  re_
laxa t i on . '

-  Addi t ional ly ,  p i tch concentrat j .on in
melted method is much greater than that in
liquid method. These advant,ages maké itposslb le- to.get  h igh resolut ión CMR specrra
of  coal -der ived mater ia ls  in  h igh S/N rat io
for a short perlod. t{e also foúnd tnat tnis

new method is appl icabLe to other types of
p l tches ,  such as  pe t ro leum p i tches  br  coa l
r rque!ac t ron  produc ts .
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