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3elel YUBPFYTIAFIODHMHEE Fig. 1 &
Ot Table 1 755, D VvBBEY =RAFAROEY vBRY
T RAFNVTIL, AEEOEE, WThioTEOHME
LIRFEC—2D Ve NEALSFH AR LY HBEX
hTnb. X, Zhb) AMeBEYOHFEOREE Ve
L DBtk Fig. 2 Ko* Fig. 3 iR X 5 iisER
Bth2 @ bie. ZOHTC, HilItEERS 2 Gy, Cp, n-
Cypn-Coo7AFAFEIDKABY vVEEVY 7 AF L= R
FTADE Ve fHIIL, 7 AFNMFEZILET T (6~10)ml 2

Fig. 1 (38878 7y vEE F YV =25 v BERE % Table 1 Elution volume, molecular weight, and
JAI Gel IH # iV CHlELIcZ7r~t 25 2D—fFl% molecular volume of phosphoric acid
triesters and phosphorous acid diesters
Compounds Mg® M, (ml)® Ve (ml)e
(1) Triester phosphates
P(=0)(OCH3); 140 117 171
(OC,H3); 182 170 159
(OC3H7)3 224 222 152
(OC4Hy); 266 272 146
(OC,;H,Cl) 3 285.5 205 163
(OCsHs) s 326 257 160
(OC3HCl)3 327.5 231 150
(OCsH,CH3)3 368 316 147
l' (OCH4OC4Hy)3 398 390 135
(OCaHsClz)a 4'28 281 154
5 = o - 55 (OCH,CHBrCH,Br); 697.4 314 151
Elution volume, ml (2) Diester phosphites
’ H-P(=0) (OCH3); 110 92 178
Fig. 1 Gel permeation chromatogram of some tri- (OC3Hs) 138 129 167
alkyl phosphates (OC3H7)2 166 163 161
OCH(CH 166 159 167
(A) : Butyl-, (B) : Ethyl-, (C) : Methyl-, (D) : { (CHa)e}e
. . . (OC4Hy) 2 194 195 155
C;H;OH; Conditions Stationary phase : JAI Gel 1
. A (OCgHs5) 2 234 190 168
H(Styrene-divinyl benzene copolymer, pore size 25 A),
. (OCsHi7)2 306 330 145
20 mm X 120 cm; Eluent : CHCl3; Flow rate : 3 ml/min; (OC1:H;s) 418 459 129
Concentration : 2% CHCIl3 solution; Sample injection 12772872
volume : 3 ml; Detector : Differential refractive index a) Molecular weight, b) Molecular volume, c¢) Elution volume *
Table 2 Elution volume, molecular weight, and molecular volume of
diethyl phosphonates derivatives
Compounds My, Ve (ml) Compounds M, (ml) Ve (ml)
(RO);P(=0)-CH=CH; 164 163 (RO),P(=0)-CH=CH: 154 163
-CH>SCH,CH3; 212 156 -C¢Hs 192 159
-CsHs 214 159 -CH,CH3Br 192 158
-CH;C(=0)OC:H; 224 150 -CH,;SCH;CHj3 193 156
-CH,C¢Hs 298 158 -CH,C(=0)OC,Hj; 198 150
-CH,;CH;Br 244.9 158 -CH,CsH;5 208 158
-CH;CH=CHC (=0)OC;H; 250 146 -CH;CH=CHC(=0)OC,;H; 222 146
R: Csz
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Fig. 2 Relationships between the elution volume

and the molecular weight(My) or the
molecular volume (M) of phosphoric acid
triesters

© : Aliphatic type, O : Aromatic type, @ : Aliphatic
type containing halogene atom
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7= AR AFAENBEE LY YVERY Y 2 v
AFADE =73 AFAEDOHEIMCLD PV 7 2= 1=
AFADED LY Vo 28 10ml BERAITS. ZoZ
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Fig. 3 Relationships between the elution volume
and the molecular weight (M) or the
molecular volume (M;) of phosphorous
acid diesters
@© : Aliphatic type, O : Aromatic type
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GPC kA0 TF0YWEREMEEL LT, SoTFEEED

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

L

w, HFEFAL)BEHLEEDRER CUIBHST
PR ORFE Ve LOBIROW, SHWLopTEE

Vo & OBIEMENHEND XhTw5. o FHEST ]
mol O b 46T, fFHEeaLied, 7 TEIDD
GPC B A2HF VA RAERI) IT5LDELEELD
ha.

7T, B VeaieowTh, ZILEmOSTF
B L HEWS X hHyFR  {Molecular volume, M,=
My/d, =T, dix (15~25)°C BT 5 LETH S}
R, HTFEORD IS FHRORE L Ve & OBIHE
Pea RS U7, FofEE% Table 1, Table 2, Fig. 2
(b), Fig. 3 (b) wixL7-. Table 1, Fig. 2 (b) &R
XhzXsk, VB P)=RFALDNTEDRNEKE
Ve EDOBRIZ A TEDO NEE Ve L OBRICEEL T
Iy EWHEIMARL TV 5. Tickhb, BlitkEms
DRI ERIEG Clk o FRE Ve & OHBIRED R=
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A7 VTR, HTEOMEE BT B EREED
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= AFABEOSEES Y VEE N U =R T VO HE LB
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FEHEETHERO WY VBT AEA = AT LD V,
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DHBHE#ET7T AV F LV EE BT HE) vBO=AT LY
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T AT AEOHESHNTREREEZ DA, R, Th
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%% Table | Ror Fig. 3 wRrlL7%. JEIFRAEGD
BE, HTFEONKE Ve L OBRIZ—EHDO =T L
Tlh TNt Tw 5 20T EREBR (HEERE R=
0.985) Lich. —Ji, HFEORNEE Ve & DBEFRI
B lh R iefk <k R=0.985 <, - FEXAVEHEL
BITE UM R RTAY, Y v 7 = = A D
BETIE, HTFEE Ve L0iEEKRES 0.908 TH S
DXL, BFRE Ve L DOMHBEIRES R=0.957 TH
D, BY) VBU=AT VBV SFREI VS TFEDR
55 Ve TR LTHWHBEIMEZRTDEEL DR S.
X, ) VBCT7 = AR STFECHELT KEW
Vo THIETAZ &I1TY VR vV 7 = = LDFH L AR
DEHIZ LS bDEHZEZDRS.

fo¥s, TO&KLET T, HY VER L Y =2 T LRBEAEE
HEONBER I L, b Y = AT VEO—EIL Ve 232
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AF NI ECHBLT DD LHEIRD.
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BEEFEEO NI LAY D LEDOFFREROED 1002
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L T, BREE L LT, 7oy v, EEBFERBR
=, Bik=AT VOB ETIISFRE Ve & OX LB
Brmbhs. —F, 7 ==rE BREF2IOT NV
F AT DD R A K VBFEATIE, HTFESENL
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IRA=Z b VRO TH-NMR 227 + A7 EOHIE X b
KD LS eEABELYFTHb0LEL DR,
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Fig. 4 Gel permeation chromatogram of organo-
phosphorus compounds used as a plastics
additive
The separation conditions are similar to that cited in
Fig. 1. Component A : 20.3%, Component B : 29.0%,
Component C: 20.9%, Component D : 20.6%, Com-
ponent E:9.2%
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HEBRE Lic. OB (A)~ (D) ik Fig. 5 ogRst
WL A7 b ARIRENS X 51, RIGHEDOEEEC—5
EZRHLLOOCTRLBEMUICRILA L2 + &R
L, RBZD0dD0DA7 P L EBIE—FKLE. Z0Z
Lk, ThODEERS PR CEARE L VS C Lo R
w35, ke, Fig. 4 o (A)~(D) BoHo Ve &b
INDBEG O FEOHE R RAARID, = OFESA
EPOERRFE i, 31 tdli-kd, F
WD TEYRDD - LR L E L Sht.
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Wavenumber (X100 cm-1)
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Fig. 5 Infrared spectra of the components sepa-
rated by gel permeation chromatography

The spectra were measured by liquid film method.
(A) : Component A, (B) : Component B, (C) : Com-
ponent G, (D) : Component D

ZIT, ThbDe— IRy UEREGERVYE
L, B2 BEEERC LY DI AEEE KEL,
(D) finaESE n=1 (hT& M, :610.5 Y44
%5, BMFEL), (C) Bk n=2 (M :781), (B) &
Iyt n=3(M, : 951.5), (A) K% n=4(M, : 1122)
LT, ZThbD - IEAHDNTFEDO KL 7~
P AL BOR Ve EoBEE RE L BE,
Fig. 6 /RIN 5 X 51z T EHEBEGEIE bR, T
e, TOREZZEYLDEEL Bh, ARABHIE
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Fig. 6 Relationship between the elution volume
and the tentative molecular weight of
organophosphorus compounds used as a
flame retardant of plastics
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Separation behavior and composition analysis
of organophosphorus compounds by gel permea-
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tion chromatography. Soei Saro*, Hironobu
Omsuro**; and Shigeyuki Tanaka***  (¥Tokyo
Customs Laboratory, 5-5-30, Konan, Minato-ku,

Tokyo, 108; **Central Customs Laboratory, Ministry
of Finance, 531, Iwase, Matsudo-shi, Chiba, 271;
**%¥Department of Industrial Chemistry, Faculty of
Engineering, University of Tokyo, 7-3-1, Hongo,
Bunkyo-ku, Tokyo, 113)

Separation behavior and composition analysis of
organophosphorus compounds, which were used as
additives for plastics and lubricating oil, was examined
by gel permeation chromatography (GPC). Thirty
three kinds of organophosphorus compounds such as
orthophosphoric acid triesters, phosphorous acid di,
triesters and diethyl phosphonic acid derivatives having
alkyl and aryl groups as lipophilic moieties were used
in this experiment. The correlation between the elu-
tion volume (V,) and their molecular weight (M),
molecular volume(My), and chemical structures of these
compounds were discussed. The experiment was car-
ried out using a model LC-07(Japan Anal. Ind. Co.)
equipped with UV (254 nm) and RI detector. The
GPC condition was as follows; column: 120 cm x 20
mm I. D. stainless steel column packed with JAI Gel
IH (styrene-divinyl benzene copolymer, pore size 25
A), eluent: CHCI,, flow rate: 3 ml/min. It was
found that the elution volume of these compounds
were closely related to their My, M,, and chemical
structures as follows: (1) In the case of aliphatic
homologue compounds, the relation between the elution
volume and logarithmic values of M, or M, were
shown to be linear. (2) The elution volumes of organo-
phosphorus compounds substituted with phenyl group
or halogen atoms were greater than those of original
compounds which have similar molecular structures.
(3) Phosphorous acid triesters, especially having short
alkyl chain, were partially decomposed to the diesters

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

22 BUNSEKI KAGAKU Vol, 33 (1984)

during the GPC process. Therefore, the clution vol- Keyword phrases
umes of organophosphorus compounds were influenced
by the molecular weight, the molecular size including
molecular forms, and the interaction with stationary
phase gel. This method was applied to the composition
analysis of organophosphorus compounds used as plastic
additives, and satisfactory results were obtained.

(Received July 4, 1983)

separation behavior of organophosphorus compounds
by gel permeation chromatography;
analysis of organophosphorus compounds by gel

composition

permeation chromatography; gel permeation chro-
matography; organophosphorus compounds.
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Kiswbo7vrev 1L, V) 0&B% 72 = U L CHEFMAE, BEEMS LA T/ =54
vV APV G BEVS KALEVAP)—LXTHRETSHFEZRE LA, 7vsesv I ROTv
FE2v (V) 2, 2.0N EBECffEL> b Y v ABE»S 0. 1M BEXEBT S 7FALT VvE=Y
AEEDT 2P VAN TESZ ER ST, O B8.0ml) ho7vs2v 2RI T
FASRMEEE T —0.35V us. $1/HILEET 3 S MREML, 0MRFER —0.35V »5 —0.10V %
TALZEBRE I0mV BROTBAMBSEE 0.5mV st THEHBBLZEHEL, T -—/7EI2HETS
CEEVERTHZLNTER. TryFeryv ) R (V) oE&TRIE 0.2ng/ml ¢H v, 1.0
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