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A Study of the Structure of Pyridine Extracts from
Coals by High Resolution Nuclear Magnetic
Resonance Spectroscopy

Gen TAKEYA, Mitsuomi ITOH, Akira SUZUKI
and Susumu YOKOYAMA

Abstract

The present report deals with the constitution of the pyridine extracts of some Japanese
coals, a study based upon their hydrogen distribution. The pyridine extracts of Yubari,
Taiheiyo, Sumiyoshi and Sohya coal were separated from the solvent, dried and redissolved
into deutero-pyridine, C,D,N. The C,D;N solutions (18--20%) of the coal extracts thus
prepared were examined by NMR spectroscopy at 60 Mc. with a JNM-3 H-60 NMR spec-
trometer.

The distribution of hydrogen was estimated from the intensities of the three different
NMR bands H,, H,, H,. From the contents of the different types of hydrogen atoms and
the elementary analysis, the structural parameters: f, (carbon aromaticity), ¢ (the measure
of the substitution of the aromatic systems) and Hy,/C, (the aromatic hydrogen-to-carbon
ratio of the hypothetical unsubstituted aromatic material) which were introduced by Brown
et al. have been calculated for the pyridine extracts of coals. A new parameter of the
length of the aliphatic carbon chain is proposed by the present authors on the basis of the
following relation: H,/H,= (H,/H)/(H./H).

The structural parameters, fo, ¢, Hyu/C, and Hy/H, together with the features for the
mean structure which are inferred from these parameters, are given in Table I-2-5.
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Table 1-2-1. Chemical shifts of standard chemical substances and
coal extracts where pyridine was used as solvent

Samples o, I, I, average
Ethylkenzene* 7.3 25 1.1 H=7.2
i-Propylbenzene — 2.6 1.2 H,~25
o-Ethyltoluene — 243 1.03 Hy=12
m-Ethyltoluene — 2.50 1.10
p-Ethyltoluene — 2.45 1.10
Tetralin® 7.1 2.6 1.6
Tetralol — 2.5 1.6
Pyridine extract of Sohya coal — 2.50 1.28 H =740
Pyridine extract of Sumiyoshi coal — 2.50 1.28 H,=250
Pyridine extract of Taiheiyo coal — 2.50 1.28 Hy=128
Pyridine extract of Yubari coal* 7.40 2.50 1.28

# Measured in deutero-pyridine as solvent
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Fig. I-2-1 NMR spectrum of deutero-pyridine used as
the solvent. (TMS: Tetramethylsilane)

Mg s UTHEAET AMBEOMN WYY v CHN v 7 4 v hs, (k& v 7+ 870, 7.54, 7.22

ppm. {CHbDNTWA, ARMHHEE 0B &I, RSl CHN o v 7+ v id il o

WEREar vy 7 F N ERE-TL 5, LEoTTOHEAESY v vhoRtd CHN o

géfnryvffwwmm%m@&mufﬁmoho%fﬁﬁ%euwymﬁm,~ﬁﬁm

ZINIBBEESEYEHT 5 A F vy 3 oY SR iimE S, R CHN o7 e f vy s

FODER R & OBEE, BEEKKEEY v NMR 2227 M uhsRbdE, RODTT O

BGEETIEIES LT, Al NMR 222 b v D7 b 5 A F 0y 5 YOy 7 F v ORI

ST LRG0 L vy S P ORRRE A, ARMREORERE e b v v S ol
BEM S EBINTHIEATTIE» 72,

5% Oth S FHE/KHE Y & VIEHICE > T, ABRMHZO NMR JiiE 23 A T 3 48
BB AT D2 DML T 5, X Friedel %™ 3702 T E Y o v IRBECIEHa L U
7200, WEOHH O NMR 227 rvid, HL O 7o+t vOZE L HEHN Y S F it LT,
Wi 7 o v v Hy, He ¥ 7 F v ORICEBEE S T AR5 5

2-3 FeHdiyy NMR S8 RBEET NMR XR7 ML OB ESRE

ISR O O WA NS, 2 0 H R RS 5 AT T e b v ARSI

W, PE- THBEE Y v vl o w5 he NMR 20 RNE, 7o b VB EEn 5 &l



5 NMR &k afFRe v v vl o 4 5 e 133

RENsd, OF LA Z WD 6 &, BHRE ORINE & b1, & OADICRERA) I
BAREL, Y7IudERORR7 b E LTHMESN SR, E il LAgniigo
s &Ny’

T DIz NMR SUEHC UL LTS 2 IO O IR T, Al 0058 2475 8 & 30 F i
20 il % THHC NMR 2 <27 vl ik 2 & & b o to,

NMR 27 buphS3kDEZ4E 70 F YORTEHRER, FNENhoaf aIchids
%3, NMR 27 FoviilEoBIc i il T, WiBmEE 2o b v & O o ik
MRERRE S NS, Cofwfilithdo NMR 2 =7 boviilsEic & rf @28 U TEE L
R WE AT 1,

HWETFrxvEy, Fr79v02 Hiht % - TAEC Y & VHEEICOWNT, f@HEY
VB BOEA R —%F TRl L 7o NMR 27 rovig Fig. 1-2-2 T & 5, &7 o b
SO E AU R Table [-2-2 (TR 974 5

YOV T I ORI O & MRS

CRW—H0EB T 5

™S
Ha

m

.

1 1 L 1 1 1 1 1 1 1
. ™S
Ha
H: He

A k(’z)

! L ) L L I L .

7 8 A S — 3 Z i 0B

Fig. I-2-2 NMR spectra of Ethylbenzene (1) and of Tetralin (2).
(TMS: Tetramethylsilane)

Table I-2-2. Result of integration of hydrogen in
NMR spectra of pure compounds

Hydrogen distribution ratio

Compounds groups Theoretical Obtained*

I, 5 517
Ethylbenzene “H, 2 2.03

I, 3 3.03

I, 4 247
Tetralin H, 2.31

I, 2.24

* Values obtained from each peak area of NMR spectrum
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Table I-2-3.  Analysis of coals and coal extracts (In weight percentage)

Coal (d.a.t.) Pyridine extracts {d.a.t.)

Coal c | m 1 o | oH c H |0 Wif)] OH | yield
Sohya 703 | 53 | 228 | 108 | 765 | 67 | 167 | 42 | 166
Sumiyoshi 755 | 62 | 171 | 78 | 779 | 67 | 154 | 39 | 158
Taiheiyo 767 | 64 | 162 | 76 | 801 | 73 | 126 | 41 | 167
Yubari 840 | 64 | 88 | 32 | 837 | 65| 98 | 14 | 185
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Fig. 1-2-3  Infrared spectra of Sumiyoshi coal (1) and
of its pyridine extract (2).
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p.p-m. OIHNTH B M, COMBEICIBEEREAKRS Y v vincd N 5 K44 CHN o 7o
POy b TS THRONG, WS O W FEME O o SENE TR Yoy S
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Fig. I-2-4 NMR spectrum of the pyridine extract of Sumiyoshi
coal in deutero-pyridine. (TMS: Tetramethylsilane)
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Table 1-2-4. Hydrogen distribution of pyridine extracts
calculated from NMR results

Parent coals Yubari Taiheiyo | Sumiyoshi Sohya
H. /o 0.151 0.053 0.064 0.105

Hydrogen distribution . y
in pyridine extracts® H./H 0.224 0.183 0.195 0.191
Hy/ 0.625 0.764 0.741 0.704

* H=H,+H,+H,

ZlcHEEZ LN D, O &, MO IRAIILZ 7 b T 30T 3400 em ™ 3754
@ OH B2~y b b, BENEDTH-7 o lINI2DTH B
HRES o by ISPV OWEREOMERE M S, HHBEE O &K S BERKY, Table
[-2-3 oA D 27Kk %S OH DK EEBWIZE D% 100 T 34K% H) DELHETRLE
D P Table I-2-4 T# %
43 BENSIA—-5H—
Fib O R S OMICH U T, S HIC D0 TIHEDRTH % & 5 i g o 98
HIZWMIED E AL L, o THBEOEHIEHAIC DWW THEAD /S5 4 — &2 —%8A L
Ry X R SR A PRARL R AN F A E R A A
RSB AP O NMR 5% 70 b v O RilEE & CEFTEEZH LT

FEBAE fo, AERBEEO R He/Co (F BRI O /KB TR E OB Hew &, FFERHR
BC D), FEROEMRIEN o FFHRROBERTRELEIC L, HBICERBEEL &5
TOBHEDL) @ 3HDORME/ ¥ £ ~ & ~7% Brown, Ladner® [ct-> T{H L, H-2lglGKEMA
PIOREIEHRDLITIERE LT, NMR 227 bk DE2Z GBI HERE O AR 4D & KO

ING A= R R ICHE LT,

H, H/H
H,  H/H
TS DRGE/ ST A= 2 =2 HNBICHIZD, KOLEFMSEY v fiHoissic 0T

RRISNIZOOEWEL TS, 1) JCRSTEO NPT N,S OFELENMNT 5, 2) £FHE

FRFICHER AL, BT 1 7=z =5 ({-0-0)), 7z =~ VT VF NI ~F
(O-O-R) MIdEALIENC &, IBRIEHSOBHEIZ 7 = 2 —vkk OH 2, suvids /4
FREE L UTHEET 5, 3) WWHBBEREICE, 74 722~ (-0D) hUF4 72 =—

AR <—®‘CH24Q> WRESEEEALTOTE, 4) HFHERSICHA LT B IR ER LA

HO @ MY CRROTI (e =) &, WL < B RBLEDH BT A KFDT

5 (H :y> EEOTNE2ET R

BELIEN, SOGERABRTHIALMALTOAELBROZEL, KE21F, chd
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DO A L (OH, C=0, COOH %) &, KR 7w K = v I fE b Ak
DF60% % LT B, 1 SIEmRIc DN T T —F VBROBEERGE T2 + v v/
T, ALY 7 P30 ppm. KOO O RIS & 1 B A8, 4 B © NMR
AT PO E DY I FNERD SN, €Y Y I IC OO TG 31T 5 Bkt
WERIEFHRAEEBTNIND, Fa4 72—t 2 VS OEEHHIC>NT, AF vy 7ab
YO Y 7 M 37 ppm. I DN B DIC, FiiHO NMR 2 <27 iz iz OWEE
WA D A EMTEILVY, RE 413, Brown %959 & Wb 2 & LTHINT
WEx=y=2%, RPFRKBOTLRBALOTHS, PLNENHRE LR EEESEDL
DERMHELTEYD, o mbEdIcBIRIE R TSR ERE R LT3 &S BT
OFE S HD, AHRIIHHEET L, DILoKREORICERBRO AL H LM, H
P ) U ORI OB —t Bl E LTEALAS D TH B

Table [-2-5 (T KGO €T 2 — Z —, fu, 9, Hu/Coo Ho|H, DEAEETR LTz, F72

Table I-2-5. Structural parameters and mean structure of
pyridine extracts

Parent coal Yubari Taiheiyo | Sumiyoshi Sohya

Ju 0.61 0.50 0.53 0.55

Structural parameters 7 0.58 0.79 0.79 0.71
of pyridine extracts Hw/Cu 0.54 0.55 0.58 0.66
Hy H, 2.9 4.2 3.8 3.7

Mean structure of pyridine extracts :

a) Estimated number of condensed . .
PR 6 6 5-6 4
aromatic rings
b} Number of C atoms in aliphatic
C-chain* 4 5 5 5

* (b)=(H o Ha)+1

Table 1-2-6. Degree of substitution of the aromatic system
in pyridine extracts

parent coal Yubari Taiheiyo | Sumiyoshi Sohya

Degree of substitution of aromatic
system in pyridine extracts

Frotal 0.58 0.79 0.79 0.71
Saz 0.31 0.36 0.31 0.26
Iy 0.27 043 048 045

dotal © Lotal substitution; 64 : Aliphatic substitution; d,: Substitution by oxygen
containing groups.

* o zof, o) v iy o NMRWET C % ofLER, FBIEROMEGI>T, Ay 7
F 370 p.pm. F>R Ry b AL I,
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Table I-2-6 (2 [ bt < 5 # — & — ZIRIHIED & © (Cu) &, ATBKLHED b D (0)
ST TEDLELDTH B,

Table I-2-5 [T BT, fo EAEERMH O C % 803215 0.55~0.50 THh 548 Fikik &
Y O VA TR E LI T, BEEA He/Co OB, TRPDGPALE OHEFICHE> T
WAERL, WOELERTERREOHMANEEATOS, FRIBHRMHORE S ZIHA LR U
FETH DN, FiERMBYTRMEBENL T2 TV A,

FIRALEE DB LTS, KLHEP50EY ¥ v U oRED D sl X4 5 4
735 % EARIFNCHEL Y, RPIFEICHN TS HRERDCY ¥ vl st TGO Lt

B o FRBOEINAHED 5150, NMR O 0 5 3o 7 4 — 2 -2, B
® C % OfEc X 2L bh T3,
44 EUD O TEEEEEN
LNTRD P 0T A = 2 = DHERCE S ST, A O BLAL 2 BT TR IS IB C

EBET B0, Table-2-7T i3 B4 H HfE o s F v PED Hy/Co BB 72,
Table I-2-5 & Table 1-2~7 o H,,/C. # LT 5 T KO, gAY 0O JFE R EREGLY

EHRO R LB L, WIS OWHEHBICH O TO ARG MNSEECEBHLOE R
BEHAREE R ORI 6 EA2 LT 3 (Table I-2-6), WEEDICF 4 vy €V o 6 Bk

Table 1-2-7  Hu/Cy of various aromatic substances

Aromatic ' Hau

Substances Ca Ha Rn /()2i
O 6 6 1 1.00
CO 10 8 2 0.80
OO 14 10 3 0.71
A 14 10 3 0.1
Se 12 8 3 0.67
O 18 12 4 0.67
% 18 12 4 0.67
((05) 16 10 4 0.62
o:%; 20 12 5 0.60
% 20 12 5 0.60
5 22 e 6 0.55
cg: 24 12 7 0.50
@ 30 14 9 0.47

R7: Number of aromatic rings.
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DR IFRBE T S E O TS M OB E AR TS TR S, TR
SEEBAAROR GG E LTEZOLNLOT, RIFKEMNEOE S, FHMEHLE XD 2 5
DOPRFREE UTEETZE0SRFHHEEHEL D,

PLEARFER AR O RMENIEO—BRE LT, ©V 2 viiHic s b NMR #: %0
AL, B—HUORSERITEMDTHEY, ZOVEIGENMOMREBLbDTH S,

FPFH BT NMR 227 b v OWEEBH S M2 TIEZ YT BT 3,

(MEFf1 3844 F  HAALEEAME I64ERIC B 1L THRE)
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