koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis

IOMEE R AR | RIRMERBHFTIE

e

REE ., RETF, mAE T, RHAT

BB RHAERE . TLIR B AT 211169

AL EA S TLIR At 210001

o K 2 e S R S R I R R S SR R, b
c EBRAEED RS IER A H L JEst 101407

100083

W o

B OF IR R BT AN T A S0 0 AR P 22 M0 T AR T 2L T T AR IO A Ak i e TR A
BT o AR A AR IR B A2 . BEFAR T M AP, T 28, 26, M. NEMVE., Hp, T3
BEHUR S A B AB ke B il A & W 0 SIS IR B A AR IR 5 TR B AR R A A R IR B 2R Oy |
FATELR NG . 7RI KBTI AL B . # SRR P B B AR R B A A . D A i DL L R R
HEFETEERER] . S — RSN MR G SO . SZHRINL L TR Al SR A S Al A S B A . JF B IR T 0 AR R
AT AR IR R AR IR s O AR R TR AR P AT AR R 5 0 A SE SR I TR A A A I o
MIBEFA s A ALBIR AT B A A IR P A BB SR 3 . DA B3R = A A A B RS0 4, A B L0 i fo AR B
B BB DU | R | T A A WSO Y AR AL . BRI A A IS A A AR I 1 B BT AL AR AL L R T 2R B
TR A i AR o RLLAMIHAS R M 5 P, EEAIRMT . (D [ RAEME. HAakrte. e
SR AR I S K A SRS A TR A S E 1 A A 2R . O A R OB R AR L L R R AR
SEs (2) 1 2RIRI. WARTES . AT T RO FEIr B RS SR« Sk 52 N A S ) 6 52 17 468 {ELRG A6 52 g 473 1 i

Vol. 40, No. 10, pp3167-3173
October, 2020

17+ TR A i T Tl LS AR ik ) A2 A 2 4
IS

KA

hE S ES: 0657.33 XEFRIRAG: A

51 5

TE F AR BRIFZ 200 #R T 2SR T 28 M9 23 18 1Y A
K. 2BEEE . B SR Ak, TR UL O
—FZHE KRNI AR, BHE KA IE. B
R AR I B A2 28, 2R BURE 3R 30 20 D AR 2SI, B
T2 M2, M2, VMV, o, TRIEEHER. &
A2k B 18 5e 2 (labdanoid) 1L & 9 BE 2B iR . &0 5870
TI MR TURR A 7 B B B R PR AR 1R A AR
fif o MAELAA A R P, A A 2 s BT O] B B AL 4 4
ARERFEAERIG . PO [ RM M. £ 1K)
AT B A SR L B E B BE AL R R A R A I LM RE A
e AT FUIE S A0 A 38 ORI = SCRY R 30 . TR P A (i T

Wi HHEA: 2019-08-29, {EIT HHA: 2019-12-27
HEEWAB: ERAKRFEI LT H (41373055 ¥ i)
EERN: BUE, &, 1978 4, & BB b fl 2 %

* JEIRIK R A e-mail: shigh@ cughb. edu. cn

3 (3 L RAESEI,. WAMIR, BT TENMIRMES R
SRR BN« T A S RN AR AL O . T BT LA i R R RE P A SIS E I A AR X

AANETE; EEIa)E; wERAR: T 283830 T MEMIR; AL
DOI: 10. 3964/j. issn. 1000-0593(2020)10-3167-07

RATEMNE X 55 1 KIRHIRE, EwE 150 o k. M
Wk, HEEEmWBIRET . B, AN AR
ek BINAEANITE A AR B EAFAE B0 28 S 1, E T A B9E B
g BT L B A LR . FRT. AR SR [ 2k mA | 2k
ol T A NS TR O AH ST T AR (DX X T 2 12
WG RILLAM B E s (2O Xt T 28T LR AR A0 T 2835 5119
P2 WUA3 043 45 K 1 LU REBF e 5 (3O T 283317 X 4%
AP He e o A5 . R SR 5T AR g DA 0 3R H Y R AE
SRR T 2 R R A P A R AT
HAEBE R AL & WA SN T s AR B ZLAMBiEHoR . J8
BRI BB U A2 1 B, IE AR S AR R 1 Il {3

R T RARFE, AT LA IE B T 2852 3000 05 24
MeFrz o T WA AR". T Z2AM s BT & o2k H A8 ke B
T A . TEALE G b R X e R A R ZE R

e-mail; ibelegend(@163. com



3168 i 2% 5 61 43 Hr %40 %

JF VRIS We e A0 CINIEL 1) MR 2 126 e 28—k Ak 5 90 1 &5
MBI RIEEH T A BRINIR . A AR SORK 1 2R 3Em i
THAEZE: TaZs, Th2, TeFMIdIUNE s T2
AT B2 RS i s 90 S RS 7 o B DU 2 . T LAY T 2R
BN AL 262 T e EATELRSIR . LA 2K M fE R R Z .

HHFFAI (regular) BT (enantio)

WIS

— R FEERAFAF@ES (Atoms or groups facing outwards)
....... FRBEFREFAFAFEA (Atoms or groups facing inwards)

R=COOH [l HiER (communic acid) R=COOH HE (ozicacid)
R=CH,0H ] £}/g# (communol) R = CH,OH B (ozol)
R=CH;  FAENM (biformene) R=CHs (E)-F:Ak) (enantio biformene)

1 ¥HEEE_GELEY
() : FWHFH; (b) . XF B3
Fig. 1

(a): Conventional sequence; (b): Enantioselective sequence

Labdanoid diterpenoids

F1 T RIFHROOAIEE

Table 1 Four subclasses of class | amber
Lo R EK
T a2k gl H W 1Y A b X
I'b23Em Nl TG I 4 )
T c 2838 X B 3] ¥ ZAKJem . BVGEr
eS| Xof B ¥ 51 A gz K

24 B8 2 A0 ) R R X e S A R R L (H
H A AR RS PR RE T 0. BRER DU, RERIRE . X
Lo T PR E REHIE [ RS e AR R L RIS AR,
EE T EREEMMEN. H. N IER S i a WA
)3 1 7E 14 A2 15 37 A BR B XCBE B 9 I, Al BEAT R A
SR BT $E AR KA T 450 (AR IET 2) o W, T I Bk ok
I35 E5 A . RE L8] 3 o HA L B0 Rk T XURE B B . AT T
SEBRSLRL S TG T SL AR R R 41 25 (i 3) . R B
A ST T AR R gy T A AL 3 R A R AR Y TS L X
DA D =B g0 E g o SN Y RV LS LR NN e
MR E M CAN T O o TR B SR OB L S I S 1oz i i
SR B HEAT » S AR K 3 T 45 R v R B BR B XU TR
e W R H s B S h R O A E W S5 MR U 5) . T
EBRTIR AT, | 2RB0OAM I8+ i B AL kA
HEY. EREN T X —RIIMES N SCHE RN, BRL
S RS A B 4+ ST IR T A0 AR B AN T ) 2 A7 A AR
JEFUAALRINE . a0 AAGAR RIS, BT 2 A1 AL B8 Hh i A
ELR T . S T e M ANED s Afeseormt, M T
LR AR A AT I . 55 =20 1 a R P A B30 A 1 b 24T
IRBEIAD s A AR I T2 T 0 AR B P B BE R B CAn .
Rl [ b RAEITID .

SR FEME SR A . H AT R & B — b X RE [R] i 77
TE = AL By Be i 58 — 3. 28 09 2 0 AL B g A AR BRI - A

B2 ¥REKRBE-HEUAVEERGRE
ERBERXSTFEN
Fig. 2 Labdanoid diterpenoids are polymerized to

form chain macromolecular structure

C
2
>

!
(O

B3 #REEVRESTBREERIGEMRES
Fig. 3

Chain macromolecular structure forms stereoreticular

macromolecular structure through cross-linking

BEHIAR (Succinic acid)
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Esterification among the stereoreticular

macromolecular structure
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Fig. 8 Infrared spectra of Baltic amber
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Study on Chemical Process of Amber Formation by Infrared Spectroscopy
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Abstract Amber is a kind of fossil resins, which formed through sedimentation and fossilization of resins secreted by ancient
gymnosperm and angiosperm, for millions or even tens of millions of years. According to the chemical composition of fossil
resins, amber is classified into five classes: Class [ , Class [ , Class [[l , Class [\ and Class V. Among them, class | amber is
a kind of fossil terpenoid resins containing labdanoid diterpenoids, and the semi-fossil resins in the formation process are classi-
fied as class | Copal. Due to the active functional groups such as carbon-carbon double bonds, hydroxyl groups and carboxyl
groups containing in labdanoid diterpenoids, during the long process of sedimentation and fossilization, labdanoid diterpenoids in
the terpenoid resins were proceeding a series of chemical reactions such as polymerization reaction, cross-linking reaction, esteri-
fication reaction and isomerization reaction, and gradually formed into semi-fossil and fossil resins with different degree of poly-
merization and cross-linking, for instance Copal as semi-fossil resins with inadequate fossilization, amber as fossil resins with ad-
equate fossilization, hard amber as fossil resins with thorough fossilization. In this study, the semi-fossil resin and fossil resin of
the three fossilization stages mentioned above were taken as research objects. By means of infrared spectroscopy analysis technol-
ogy, the changes of absorption peaks of the organic functional groups ware tracked, such as carbon-carbon double bonds, ester
groups and carboxyl groups, and the stage characteristics of semi-fossil resin and fossil resin ware verified, and the chemical
process of class | amber formation was deduced. Through the analysis and comparison of infrared test results, the main re-
search conclusions are as follows: (1) Due to inadequate fossilization, class | copal is dominated by the unstable structure with
a large number of carbon-carbon double bonds and carboxyl groups, because of the insufficient polymerization reaction, cross-
linking reaction, isomerization reaction and deficient esterification reaction; (2) Due to adequate fossilization, class | amber is
dominated by the stable structure with a few carbon-carbon double bonds and carboxyl groups, because of sufficient polymeriza-
tion reaction, cross-linking reaction, and isomerization reaction, but the esterification reaction was in the process; (3) Due to
thorough fossilization, class | hard amber is dominated by a more stable structure without active functional groups, because of

the thorough polymerization reaction, cross-linking reaction, esterification reaction and isomerization reaction.

Keywords Infrared spectroscopy; Spectral peak assignment; Terpenoid resin; Class [ Copal; Class 1 Amber; Degree of

fossilization
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