B2EHELH UL f a7 8 ] Vol.2No.1
1984%1A ACTA SEDIMENTOLOGICA SINICA Jan.19 8 4

NIE PSRRI FRIE
EERHEAHMMIKLESS

O S S 1

(R HBHEBATPLOLRE TH)

WEAPFEENIMRE-MEEERNBEAY EERIE-RRRABRRN BN
B, AARER UMM S RA RS T S R R

KA RE-BERARG AR RSB IRETEE, RITLUR & 29k
58y B RECRGE A R EE, PR TR AN iR 5 ( DPEP ) FI8 48 nhak
ZH CETIO) (RFILE,. PR TR, S FESHMRE, EENREEHESE
AR, HIRBEXES LA R B N BET 0P %IT.

—. LR

12RO ER  BUAS RS o, h T E BN L ERH &R
BH, EHWANBENIIRR. RELREHHKE0—100H, ETREMESR Y,
FA-PEEC9 1) ZRREENHESR, RERININIR, —R=EZXEH, 2R
Wi B RT AR S

2.&8BMBNE A THBERESMNLSENH, HE-PREMBEREAIEKES.
HECHRBERTHE, S8 RAREAEEREERDER. EEEEBRKREEESHK
B C0.5—1.0ZH) . REARKERNE (H1 ) #7005,

. Mopekav Bl PR ERMNEES P, REZTFELEB, RUHE BKGH
Botfrditk, BEDRMBEHEC2 : 3SV/V)ERFH, AROAHNLSBE T S5E 7
—ELT, ATARALBEMHROREANR CHIMWR N 0.15, BIb M AR X
0.32), MABNSE, KEEGHETREEE SR,

4.3 B SRIMREESFTRE—&IMS-D300FE T IMA-2000/5 3%
BEMMAE LHTH. BREEERECO-16% /-1 WL E T EEBH.

5.90&MH SRTHAREREEERAREHBELTRSN. BobudtH
REEMI50C FHABEFIHRFI60CHR., IR RI97C, BT RERHATHRA
122EFRY, SRR FRY . REXBAFHKIERESR MR AEEREHR
ZHMEHBEIR S R TRENRIERS FHETEMBEAEANBAET.



30 il B & Eicd 2 &

R meH
LLEEREETI0—1008, Z Kb

2.E-E®EY 1 V/VIEREFH
T 3.tk
R R PEREH
M. ETEBERH R
— 2. iR e
R OE L RKRE X
1.8 7 g B
v2.. 858 A
_ .
v v v
Lok % PR
- ; [
% 2 % & B ok t%
- 5

i@%cﬁ%é%%m
N

!

!

, " v “n A}

Eh-T RS KR
TR E RN

B E&RorkERERZEE
IFig. 1 Flow sheet for separation and purification of

metalloporphyrin from sedimentary rock
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Fig. 2 Visible absorption spectrum
of the nickel porphyrin.
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Fig. 3 Visible absorption spectrum
of the vanadyl porphyrin
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Fig.4 Low—voltage mass spectra of vanadyl porphyrin
(black thin layer siliceous limestone).
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TablelLow~-voltage mass spectral data for metalloporphyrin
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\El Vo Vo-[Ver Voo ¥ (Nt Ni I Nie NN N Ni N
TR ‘DPEPET IO‘DPEP ETIO i & % \ ETIODPEP ETIO ETIODPEP ETIO DPEP ETIO

457 | 24.0 476 ' 10,29

459 7.55 178 5.03 27,76
171 i 7.89 1.56 180 2.37 9.14 13.47

473 20.04 3.02 192 0.91 9.56 28.35
185 | 13.88 1.00 504 27.96 46,02 21,06 16.66

487 14.36 7.63, 506 % ' 3.99 \ 13.20 1 41.32 92.17
499 33,18l 12,35 518 | 15.05 40.86 " 32.54| ' 31.01

301 63.64, 14.05 520 | " 349 | 12.13 47.30 | 51.89
513 73.06" 40,41 | 532 100,00 100.00 100.00 26.23

515 70.29 18.22 524 ‘ 7.53 10.64 j 39.76 63.13
527 95,47 | 82.21 546 | 5.48 " o6 15.733 \ 55.36

529 45.14 ' 15.25 548 i 0.44 1.46' " 3.73 | 56.38
541 100.00 100.00 | 60 | 1 61 R .72 l100.00

543 "37.27 I 16.42 562 l 0.47 1.12\ ! 9.13 ’ 62.77
555 41.37 11.19 574 1.72 ‘ 78.26

557 \ 24.16 7.31 576 ! 1.03‘ 70.03
569 21.13 4.35 588 75.65

571 16.34 - 2.24 590 33.78
583 ‘ 13.34‘ 2.76 602 | 75.36

585 ; 13.13; 1.79, 601 ‘ 27.97
597 i 13.19] 1.89 616 ! 75.07

599 1247 1.69 618 14,54
611 11.13 1.59

613 |  6.69 | 1.50

625 9.18 | 161

627 | 7.84 1.66'

639 6.36
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Table 2 Massspectrometric parameters for metalloporphyrin
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& [ ) Wi WO SVo-ETIO SNI-ETIO
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] Vo ETIO 523 31,358 0.23 f.21
RAR iR 527
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RTINS 5329
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Ni-DPED 522 . 16232 " -0.61 |
! | Ni-ETHO 513 21,51 0.33 3.96
eNioRhY 3 320
—_— I o
Ni-DPEP 529 13.68 -0.22
3 N-ETIO ' 523 15.37 0.21 1.28
feNtoliIN S l 527
Ni-DPEP 358 42.51 -0.05
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6 NIi-ETIO 316 39.32 1.02 U S ¥
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Fig. 7 Some structure of porphyrin.(1)porphin(2)DPEP
(3)ETIO(4 ymetalloporphyrin.

3. IRERSFTRBOIAN RIVBMWE.W.Baker M8, HAEEEHFRR
BMEASRBEORGEANBRETH T TISH

(OMBCPYRBY: §—MRIMOHERESIM/ZHHERTHRESRN, &
PMERRE, TREE, £39M1. 2. 3HETHEBNTFHRER.

(2)# %o RUBRBEhRAM, MREREQOAKXRERLY, B,



36 B ¥ R 2%

%
1000 57 oM
] 19.00

- 513 "

Dbma@]&ﬁ Ci; Cu Ca Co Cun Ce: Cua Cu Cs Cx Cy Cx
Mokl FRREESR T 8 9 10 11 12 13 14 15 16 17 18
B8 AoPKEDPEPERF (X&) METIORT (M)
Fig. 8 DPEP and ETIO type series of vanadyl porphyrin
(DPEP series—solid line) (ETIO series—dashed line)

1000, 532

B9 EROPMEDPEPRZI (3R ) FMETIORF (@)
Fig. 9 DPEP and ETIO type series of nickel porphyrin
(DPEP Series—solid line), (ETIO series—dashed line)



14 HEE: UREPERBUMAPTOEEERK AR AEFEX 37

o=vZ(IM?) /31~ CSIM/ZD)?

(3)EHES: BRE—ZFsETERETRN— a8, DEKRE K /g b d
O, EREABENXHRIEN, HEERER, 8L

S=(x-My) /o

Koy S B Ko THRER
N oo I i PRI K B B 2
Goeveee HePr

CAOYRFILFIR : R HREDPEPRFI KA TR IS KA S MBI =Tpprep) FETIO
RIEANRBEREMN SN CBISIgr0) AIHE, AMARXETR..

R = ~1DPEP
=IETIO

ST S BOT B RVIT X 3 41, K 4 A TUE -7 P48 69 3R H ek [] 7 510 0 43
T8 oA Fonb w0 6 B A o B BE B 2 R PR T TR MUK KL

£3 SAMRNITREE
Table 3 .Molecular weight distribution of metalloporphyrin
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25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

IRz
\

| VO-DPED ! 457 471 485 499 513 527 541 A55 569 383 597 611 625 639
1 |
VO-ETIO 459 473 487 501 515 529 5143 557 571 585 599 613 627 641
VO-DPED 171 185 199 513 327 511 535 569 383 597 611 625
Y
VO-ETIO 173 187 501 515 529 513 537 371 385 599 613 627
Ni-DPEP 490 504 518 532 346 560
3
Ni-ETIO 492 506 520 331 548 562
Ni-DPEP 476 490 504 518 532 546 560
1
Ni-ETIO 478 492 506 520 534 348 362
Ni-DPEP 504 518 532 546 560
5
Ni-ETIO 506 520 331 548 562
Ni-DPEP 476 490 504 518 532 316 560 574 588 602 616
Ni-ETI10 478 492 506 520 3524 548 562 576 590 604 618
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Table 4 Molecular weight distribution of vanady! porphyrin

SR L 1 ST — 58 | S

L | AMBET VO-DPEP VO-ETIO | VO-DPEP T‘\?b_ﬁ}a’”

W% A X H AN TR RAHT R FUNTR | RARFR
6 26 457 459

27 171 473 71 173

8 238 485 187 185 187
9 29 499 i 501 499 501
10 30 513 515 513 515
11 31 ! 527 529 327 529
12 32 511 513 Sl 513
13 33 555 557 355 557
11 34 569 ‘ 571 569 571
15 35 583 585 583 . 585
16 36 597 | 599 597 | 599
17 37 611 | 613 611 613
18 38 6235 627 625 627
19 39 639 611
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Table 5 Molecular weight distribution of nickel porphyrin
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MEER AR T R s mEsp TRIZEAG TRRAAFREASTREALFRENFTR BASTR

8 28 176 178 176 »172}
102

R e

9 29 190 192 490 192 190

10 30 504 506 501 506 501 506 S04 06
11 31 518 520 518 520 518 620 5138 520
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13 33 516 518 016 548 516 018 o6 18
" 3 560 v 560 562 300 62 Rl oG
15 35 574 376 a7l 576
16 36 SR8 590
17 37 602 601
18 38 616 [ABEN

H: RESHHBHRRESMA 310+ 140 (ETIOR 7)) K308 +14n (DPEPRF ) ML M2 BET &R it &
HBHERIA R

2. EERENRILIES  lkPak, ZHDPEPHETIOR LAY,
L BEMRB S ZRL S, BEMBREER, —8RiEk, BERE. EHMe %
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Table 6 The intensity ratio of the porphyrin lighter

and heavier than Cj3, to the overall porphyrin

CazL;lEﬁ ZIDPEP CjzuE‘EIDPEp C32 uﬁﬁEIgTIO C3:UE EIETIO
- a7,

R SR S — Y % % % %
Slorer Zlprer 11O =IO
|

1 | 71.09 28.91 70.83 29.17

2 87.55 12.45 69.13 30.87

86. 49 13.51 19.73 50.27

4 87,15 12.55 73.61 26.36
66.09 33.91 62,71 37,20

6 51,46 18,54 39,28 60,72
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MASS SPECTROMETRIC IDENTIFICATION OF
METALLOPORPHYRINS IN SEDIMENTS AND ITS SIGNIFICANCE
IN PETROLEUM GEOCHEMISTRY

Xu Lian Shi Jin

( Central Laboratory of Petroleum Geology, Ministry of

Geology and Mineral Resources)
Abstract

This paper describes a process including: extraction of metalloporphyrins from
sediments with 9 : 1 ( v/v ) benzene and methanol mixture, separation using column
chromatography.,and purification using Thin Layver chromatography. The metallopor-
phyrins were identified by means of MS'computer system.The results of this study
indicate the presence of two series of metalloporphyrins, 1. e. Ni-ETIO (or +vo
ETIO > and Ni~DPEP (or vo-DPEP )in geologic samples. Average molecular weight
and ranges of the two series of metalloporphyrins, homologous compound ratios,
skewness and band width of MS spectrum peaks for each of the series were calcu
lated.The significance of these parameters in petroleum geochemistry is also discussed
in detail. This paper also presents a useful method for mass spectrometric idemti-
fication of metalloporphyrins.

The authors believe that the geochemical significance of these parameters is as
follows:

(1 >The significance of nickel and vanadyl porphyrins on sedimentary facies;
According to the analytical result,the porphyrins from the marine carbonate source

rocks of southern China are mainly composed of vanadyl porphyrin, and no nickel
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porphyrin is detected.While the samples recognized geologically as continental facics
are mainly composed of nickel porphyrin, and no vanadyl porphyrin is detected.

In addition, vanadyl porphyrin has a much broader range of molecular weight than
nickel porphyrin.Thus,different porphyrins can be used as indicators of sedimentary
facies.

( 2 ) The maturity and evolution of organic matter:In geological body, the degree
of transformation of the porphyrins from deoxophylloerythroetioporphyrin( DPEP)
to etioporphyrin CETIO ) is proportional to heat history, tempreture, pressure and
time.Therefore,we can use series ratio. i. €. XIDPEP ' TIETIO ratio, to reflect the
maturity of organic matter.For example, the series ratio for sample 1 is 1.24,
that for sample 2 is 3.09. Sample 3 comes from the depth interval of 1675-1686m
with immature hydrocarbons, while Sample 4 comes from the depth of 2200m with
mature hyvdrocarbons. Their series ratios are 9.06 and 3.96 respectively.Furthermore.
the molecular weight of the porphyrin and the relative content of low carbon number
porphyrin also show a tendency relating to the heat evolution regularity of organic
matter.

( 3 ) Skewness of metalloporphyrins: Table 3 shows that sample 3 is an imma-
ture source rock, its skewness of ETIO series is negative, other samples are all
positive for the ETIO series,and the skewness of DPEP series is all negative.
Therefore, the polarity and value of skewness can be used as evolution and maturity
indicators to point out the evolutional tendency.

( 4 ) Mass spectrometry of metalloporphyrin shows that the peak on the mass
spectrogram is carbon number C;, and that the chlorophylla being converted into
DPEP is also carbon Csq.1t is suggested that chlorophylla may be postulated as petro-
porphyrin precursor.

( 5 ) Quantitalive mass specirometric analysis of metalloporphyrins can pre-
cisely provide the average molecular weight of porphyrins. Thus when porphyrin is
quantified with UV~VIS spectrophotometer, the content of porphyrin can be calcu

lated more correctly,if the data obtained from mass spectrometiry are used.



