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Table 1 Molecular weight of the phenol-formaldehyde novolac resin

Number of phenol units 1 2 3 4 5 6 7 8 9 10
Molecular weight 94 200 306 412 518 624 730 836 942 1048
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Fig. 1 FD-MS of the phenol-formaldehyde novolac resin
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Fig. 2 FD-MS of the cresoll-formaldehyde novolac resin
Table 2 Molecular weight of the cresoll-formaldehyde novolac resin
Number of phenol units 1 2 3 4 5 6 7 8 9 10
Molecular weight 108 228 348 468 588 708 828 948 1068 1188
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Fig. 3 FD-MS of the phenol-formaldehyde resole resin



106 = as

?

Ea i 2012 4

Pl 3Resole R K -1 BE B i 19 FD-MS 3% [&]
A B S 2R3 R TSI B R AT, i 376,406,
588 1620 4, FLISU N AT O s, — 2 R AR S AR
T, N =By BN AR T U B PR RO &2, R T R IR

WG 2, T AR Sige W IE LA 558 HY R 28947 AT R 2 i
FA Ll T R S B AR e 2 s T N = R
o3 IT 0, 52 IR 1Y 22, 2 TP S 1] 22 47 8
Bk, B 25 H,0 {2y 7 i 5 e ™ A i 22

Table 3  Molecular weight of the phenol-formaldehyde resole resin

Number of phenol units 1 2 3 4 5 6 7 8 9 10
1 124 230 336 442 548 654 760 866 973 1079
2 154 260 366 472 578 684 790 897 1003 109
3 184 290 396 502 608 714 820 927 1033 1139
4 320 426 532 638 744 850 957 1063 1169
5 456 562 668 774 880 987 1093 1199
Number of 6 592 698 804 911 1017 1123 1229
hydroxymethyl 7 728 834 941 1047 1153 1259
8 64 971 1077 1183 1289
9 1001 1107 1213 1319
10 1137 1243 1349
11 1273 1379
12 1409
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Fig. 4 FD-MS of the phenol-cresol-formaldehyde novolac resin
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Fig. 5 The structures of the phenol-cresol-formaldehyde novolac resin
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Fig. 6 FD-MS of two units the phenol-cresol-formaldehyde novolac

resin
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Table 4 Molecular weight of the phenol-cresol-formaldehyde novolac resin

Number of phenol units 1 2 3 4 5 6 7 8 9
0 94 200 306 412 518 624 730 836 942
1 108 214 320 426 532 638 744 850 956
2 228 334 440 546 652 758 864 970
3 348 454 560 666 772 878 984
4 468 574 680 786 892 998
Number of methyl 5 588 694 800 906 1012
6 708 814 920 1026
7 828 934 1040
8 948 1054
9 1068
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Fig. 7 FD-MS of three units the phenol-cresol-formaldehyde novolac resin
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Fig. 8 FD-MS of four to nine units the phenol-cresol-formaldehyde novolac resin:
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FIELD DESORPTION MASS SPECTROMETRY
CHARACTERIZATION FOR RELATIVE MOLECULAR
MASS AND DISTRIBUTION OF PHENOLIC RESIN

WANG Juan, ZHAO Tong
(Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080 )

Abstract The characterization of relative molecular mass and distribution of phenolic resins by modern
analytical techniques is detailed. Common VPO, GC, HPLC and GPC methods are referenced. But these
methods are restrictive in analysing the phenolic resins with more isomers. Field desorption (FD) is a term
used to describe the formation of ions in the gas phase from a material deposited on a solid surface (known as
an ‘emitter’ ) in the presence of a high electrical field. The field desorption mass spectrometry ( FD-MS) of
the phenolic resins can give the molecular ion peak and the content of the every phenol unit without fragment
ion peaks. A series of phenolic resins was made with various raw materials. The phenol-formaldehyde resole
resin, the phenol-formaldehyde novolac resin, the cresol-formaldehyde novolac resin and the phenol-cresol-
formaldehyde novolac resin were determined by FD-MS. The sample concentration is 10 mg/mL, the heating
current is 10 ~30 mA/min,the ionization voltage is 5 ~8 kV. The FD-MS shows us the molecular ion peak and
the content of the every phenol unit without any fragment ion peaks. By FD-MS analysing we can also get the
informations about the degree of polymerization,raw materials, characteristics and so on. So the FD-MS method
is convenient and impactful for differentiating of the various phenolic resins,suitable for the characterization of
relative molecular mass and distribution of the phenolic resin.

Keywords Field desorption mass spectrometry ( FD-MS), Phenolic resin, Cresol novolac resin, Relative

molecular mass and distribution



