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TR IS AL ) — 5 A5 R BTG  WURE AN =I5 BTG LA K AEE LA ME Bl A RO A5
FHR N2 o HAE SR R R A ok 4570 v, B i T AT WA~ P—OH JE[ 28 5 5 40 s A o
HrE) Ca® " BT HE A, DR TT o BALER 45 e A S REME R IR I A ) T 5 v M R BIORG 25 500 £ 4 8 U B O I 5
1o T FRHBE , S BRI H SRR Y S s, BRSO B A, Fr AR i i R LR Y 2
TR R LR 700 1] & v B R A e Py [ A

HBL T 45 1R -B- 2 L TG WA RTS8 3 1 FFY B P M8 12 5% £ 6 ( hydroxyethyl methacrylate , HEMA ) 5 POCI,
JSEJE KRS o S s N AR A, % 1 R REAS B BA G 5 R (80% ~ 90% ) 14, AR
a4t HCL, JB iS4, 15 LR85 5 HL POCLREIE G R 21 % Mt i T 48 M FE I . 17 Jh i
B/, 3 AF R —SURfF T IR R T B AR @R 16 77 (H PO, (P, O, AEREIR 55 ) ERE IR R & B R PE W IR
Mo WA R AP, 05 A JFURHE I T T 408 Uk 10 FY S5 DY 04 IR -B- 2 L T W IR TG, 7 i 1 I B
ST BRALRIE 91% ~92% , Hilig ST ik 55% ~56% 4 BRik " LIP,Os B IEURHA R T M T g
SR R RE A IR -B- 4 Z R WA IR I , 3l 3k ke 28 HEMA 1P, O f B IR BE A B K S A& 1, AT LA 315 B A
W H L A5, SR P ROSE S K A A 4 07 v, BATIG 26 TT 5k 24 63% 1 e Ab, LLHL PO, FIP, O MEBE IR 1L il 4%
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Pl L) R A IR 110 £ s DL VAR o A Y B PR s R 0 58 WA I R 10 5 i, o
il Bt RE A B2 98% o fFUJIBE 1 F SE DI A B TN R DA R 1 5 B, B 3475 L BBIA B 29 70% o 5 B
5 AR, IR e AR B I AR A AL T2

ARSCHIP, O AERERRALH , 1 PR 03K ) 2 4 a8 S R A AL TR T Y B DA IR B8 £ i i R i 114
G ANBUM AR 9 55 15 PR SR T S AR A58 5 i ELA A O TR AL 4 A, BRI 17 XU =R A5 K
ORI A A, B T AR A PR, DT AR A e A i BRI

1 SLEREssy

1.1 RIS

BRI (H,PW ,0,,-nH,0 , HPW , [E 25 5 1k 7 X F G BR S | L = g (TEA, [5] 25 42 F1 fb 27 18]
ABRAE]) HEENEIRFE CBE(HEMA TR T38050) (106 ) A BRAR]) (P05 (i g WAk 27 A BR
H)) A PR (AC, iR EARENSEAR P 4 A58 B EE 20 58 B P 5 ) ) A e Hees i AR 71
AR AL AR A IR 7)) H i e 4l

Tensor-27 BILT A3 AL (£ [E Bruker 28] ) , KBr Fe A, 45 4 11 [l 24 4000 ~ 400 em ™", 43 HF R
4 em™', D/max-rc BUELHE X BHRATHMY ( HABR2EA H]) |, CuKa S48, B HLJE 40 KV, & HLJE 100 mA
Micromertics ASAP 2020 M FI S ( 3 [ 22 5 AL 28N &) L S T 150 CHiiA 6 h, FINESORB-3010C
RIFE Y FHRAL R B (W Lz 28 A R F]) | FESLTE He N FHR 2 400 CIG AL 2 h, A5 = i
% NH, 30 min, FEL) 15 °C/min (3R TR 2 400 C ik, 0 5% NH,-TPD J&[&
1.2 fE4FFHE
1.2.1 HPW/AC %% @ 5eHiescik[ 12 ] Jr ik xbm il Pk (AC) AT HLAL 3, HAREAE QT « 23 51
0.1 mol/L ) NaOH 1l HCl #0844 AC, SR G HE T 30% (IRFS40) 19 HNO I H Bl 2 h,
uE, KR TS .

SRIGRAEEE L 1 AC N E] HPW 7K (ER EE =~ 0.3) , i Ff: 24 h, 80 C F¥KZET, H T
80 CHEF I i — LM T & o R FEAIC R X% HPW/AC, Hor X% (R AL th HPW (1% 5t 3 34X
(B HPW Ry 11 285 ) -
1.2.2 TEAPW/AC %3] 9§k 13] )78 TEA Fil HPW 45 [ TEAH],PW,,0,,( TEAPW) . %X
5 TEAPW i Fifi & CE T, BN — & b 3T i AC (B L =~0.16) ,$ii$f: 24 h, 70 C ¥ &
NE7&1, 15 70 CHAR i — 2T, & o IR S IE A Y% TEAPW/AC, Hrh Y% (AR A AL
TEAPW 151 53 % ( R} TEAPW [ 18 ) o
1.3 EARRESERE

9.36 g(0.072 mol) () HEMA # T =ik, i HE T 4t A 4. 26 g(0. 03 mol) BJP,05 (fin Ak
FEH R LERFTE 60 CLIR) o JHELZ 80 C, FP, 0558 2V it , A — & f I HEAL ) . 80 C /) 4 h, 8K
JEFHEZ 90 C,HNA 0. 76 mL Z8F/K/KfM# 3 b, 73RBS IR o DR IR AR e 28 LK IR 13 TC AL
AR =1, FL IR 2558 Wom o H LN IR IR -B-F4 S R R IR R
1.4 =50

JORE =y R XU L R B R 1 i IR A AR R RO E I . BRI B AR
1.5 g B ug R AE AR =9, % F 50 mL JCoK LB, W 2 ~ 3 3% 0. 1% H L2045 /70, A A4k
PRBRHEVS WO 2 2R, 0 S T TH AR I AL AR V, o PRI 4 ~ 5 3 0. 1% By BkHg /R 7, 4k
SL A AR M VRO A AL, 10 ST AR S AL R AR V, o SRJE A 10 mL 10% )
FACES KV, A2 B ETTE , HOBSHCH %) HCL 975 v A8 BT 0, Ak 22 T S A A0S s M VS VAT O Rk 21
0 0 SR T AR I S ALV A AR Vs o B R P AR 0L, =R S B IR ) B A A n, Ak SR
N (e SNV | L 57 e

n(FElE) =V, xc x 10 7% x (my/m;)
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n(HAHE) = (V, = V;) xex107° x (my/m;)
n(WEE) =(V, =V,) xex10 7 x (my/m;)
n( ZER (A EEBY) ) =2n(ARNIKRI P,05) —n(BER) —n(FER) —n(OBLER)
Btk 3/ % = [ (n(FRMR) +n(WWR) +n( =M5) )/ (2n(P,05)) ] x 100
HAWE 2/ % = [ n(HR)/(2n(P,05) ) ] x 100
R/ % = [ n(WHEg)/(2n(P,05) ) ] x 100
=R E/ % = [n( =Mg)/(2n(P,05)) ] x 100
FABRIEFENE % = [n(HHE) / (n(FAFE) +n(WUHR) +n( =FF)) ] x 100
o, ¢ A AR ES U BV FE , m R i BBUSZRE P A JB g , mg A SO 7 ) 1 L o i
2 ZR5ihe
2.1 fEHAFIRLE
K 1 5 HPW/AC 1 TEAPW/AC ZFIEE Y IR 3, & 1 A I, 4 HPW fi4li TEAPW #E 1200 ~
700 em ™' X H B 4 4 Keggin G5 FRFAEIG . 00205 , BF i 2 AR I X3 P AR H B T 3k B AIE I, FLIE 2
A PG, WG O o WG B B RIS PR AR T R 1Y Keggin 2544 5 H A 2tk , 200K 1
TG PR PR 22

HPW

50%HPW/AC

30%HPW/AC

Transmittance
Transmittance

20%TEAPW/AC

40%TEAPW/AC
30%TEAPW/AC

10%HPW/AC

10%TEAPW/AC

2000 1600 1200 800 400 2000 1600 1200 800 400
o/cm™! o/ cm™!

K1 HPW/AC(A) I TEAPW/AC(B) R5IFES Y IR §3%
Fig. 1 IR spectra of HPW/AC(A) and TEAPW/AC(B) samples

2 Jy HPW/AC il TEAPW/AC KRB XRD 35 18] 2 0] UL, 24 0 3800 <30% i, 1 R 511
BOA W] AR S 0 HE B, e W S0 A8 IR 5 P Ay b ] 249 5 Ml o B E MR R T . 25 f 288 =40% I, H B
T HPW s TEAPW [RFRFIERT ST 06 o 2 TIE 03 28 i3 0, A il o 30 R 0 o 1) 20 BB0BE 1 Bk, TR R 4R
A HPW 2 TEAPW (A o

A B
TEAPW
HPW
“\__...v
i
w
10 20 30

:. 5 40%TEAPW/AC

s =

z | 50%HPW/AC z 30%TEAPW/AC

é, A A -~ ”;__3

E e 30%HPW/AC Z 20%TEAPW/AC
N 10%HPW/AC 10%TEAPW/AC
\‘.____\ AC AC

]I() 2I0 3I0 4|0 SIO 6‘0 70 4IO SIO 6l0 70
20/(%) 20/(%)
K2 HPW/AC(A)Fil TEAPW/AC(B) ZHIFE () XRD
Fig.2 XRD patterns of HPW/AC(A) and TEAPW/AC(B) samples
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A it P N R R - B 45 B2 () St/ , G PR e i AR A Bl 1 Y IR HLA Ha UG 5 36, R LR
AALEEHY (AL <2 nm) FIRSE 5] O BRAEARFLIE o 5780 HPW B TEAPW J, %IRRT IR PR 5
AAE BB RN, R R R TR R AL AR . AT, BES A R O
I A b A R BRI AL AR BT/ o X — T3 T T O 2 2 K A i EE BN, S BORA
o ity ) 2 T AR AN LUl 5 5 — T TR UL by T PR R dE A B3R FLIE v , S BN R s, LA
TR,

F1 H@RHRERFLEK NH,-TPD jiffigiz &

Table 1 Surface area, pore volume and 7', in NH;-TPD of samples

Sample S/(m*-g™") V/(em®-g™1) T/ C
AC 1347 0. 606 -
10% HPW/AC 1109 0.493 151
20% HPW/AC 971 0.431 173
30% HPW/AC 822 0.367 224
40% HPW/AC 640 0.279 243
50% HPW/AC 513 0.222 262
10% TEAPW/AC 1076 0.495 155
20% TEAPW/AC 885 0.406 172
30% TEAPW/AC 715 0.328 176
40% TEAPW/AC 558 0.254 176

S :surface area evaluated by Langmuir method; V:single point total pore volume at p/p, =0.98; T, .. = maximum temperature of the desorbed

peak in NH;-TPD.

19 2580 ity ) 2 THT R P SR HINH -TPD AR A I, 78 50 ~ 400 °C X [A], Bir A KE di B A7 78 3 I
<270 CHSHIRHC (W2 1) o XFSRIRYER HPW SR, IX— 55 R H 0 AR 2 H 5 3R R AR A B Y
G TR OB A RS S HPW R AR BB INTRTRAEE HPW [ B Rk . i 0
SN, Wt R el B (RIS A RO 9 1 O ) 5 R PR D B 07 B 3, SR 1) et S Pl 5 TS A 1) )
ol 5 AR B AR ELAE TS , e B B BRI EOR o LUEX HPW/AC H TEAPW/AC ZR A BYAE i, BT BB B e
TR ( RPERAR) K5 2, i Ao JE R et C B iR ) e 5 2, JUH S i =30% i (L3R 1) o X J2
T HPW (Rt T TEAPW 95kl . JUHCH 3R B0m S B R A9 FHESS I, HPW AR B (568 i 1k
SRR T T BR PR 1 TEAPW SR, 15 2 AR F 5 15 % HEmR M i s mi A B
2.2 fEfLiEsE
2.2.1 HPW/AC R FMEACHI 69 MEALIERE DL PO ARRERR A HEAT R Ak 52 I, 32 24T 2 Wi 1R 54 1 A XL
P, A /D (Y = R AN B AT o AN R TR (A T A A A A P00 P ) 358 P 0, (EL AR 5 v L i
PEREGE R T RS . (TSl HPW PR, R A5 P U] R A s, PR B TR R SO A4 HE AR AR
Fo AR B = AR A G IR R, T UL 14 A AN 52 B o 3R] RE I PR A R AL 0] 2 2 T B 1Y
Sl , K Y HEMA JAE T3k — 25 AR e, S Bk — 20 A TR BE IR AL R 1A 3 v HEMA 9 B2 )
/NI SZ ZIA0H] o 25 HPW A (SS9 6 S5 B9 1 20 580 =3 % I B A =5 R B s e 4 s TS e, 40
B3k 98% ~99% Hl ~79% o [FIIF, X} K2 i 2% 1 1) %5 % W], HEMA &5 P, O5 (9 Ic BE | B0z 4 I JBE AT ] |
DA B2 7K it B FE 7K i 25 o T A 23 R B R R R4 AT AN TR R BE 2] o 25545 TR A 5 P BT i 6 P P D T
PR s A i T SRR R A AF (AN S Bty 1.3 1Tk ) , A SCHEALPERE SR AR I 25 1 R AT o

FA T Xt —LE I RRR A AL, 4 HB A1 HZSM-5 W41 O REAL PR REREAT T8 %8, S BUAE AR [R] (1 S i 4%
T, BB (BRAER) A a0 HPW (EXE00 = FR A i/ 2 7 HPW, S EURER R s o X
— SR IR T FLIE AR o X PR30 FF HPW S8 T LR b A T REE R
TG PER LA b HE— 20 S i SR R o 2 IEFIALIE ROT A HPW 7E8A ARG ) 18 MR & — DA
EHE

s HPW G ENTE Pk e, ROV G 0L 26 HPW AR AL, &3 25 1 LA 10% HPW/AC fEAE AL
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O B S WTUNN K 4R b s s ey Ui ok SN A s <3 B 2.8 80 M wo ) OO DU e L2 R A N
PRI A 30% (BIE R4 7y HPW R 1K 3% ) I, i 1k el TRAE , 15 40 HPW A (AL 50 i ey 15
DS AN L, Tl W 7 2R R AR e A5 A I T B TG PR 0 i o RS R BRI R AT 1Kk 98 % ~
99% , PR B ~ 91% o (EAHE R, HPW T35, RYE IR AR5 T BRI AR — 2, (EX 00, =g 1)
SVE TSI BA 2, TR B BRI PR N ~ 79% e R 2 ~91% , /R 1 S B AR 0] R P b o 33K 1z i
JERARFLIE AT R P PR GR, RIS A% (9 AL B ) 1 B0 2 A D IR B 0L =1, AT
P T ARERI R o

100 - 100
-/
e o ° —
" o = —g—_
_sof 0/0/./ 80 / T
= o* . £ — = — total ester yield
3 60¢" - : - tqte:lies;er yield 3 60 — o — yield of monoester
L — e — YyICld O monoester O 1d of diest
8 — a — yield of diester 2 — 4 — yield of diester HPW
L a y!eld e z AC —v— )uld of triester
E 401 —v— zgect(i)vi ”eosftr:;onoestcr g 401 — o — selectivity of monoester
) - 4 2 /
: :
20 :\k‘\A\ &l
______A/
A\A A A""—A—_——A/A
0 10 20 30 40 50 30 0 o0 80 100
Catalyst dosage/% HPW content in catalyst/%
B3 ISRl fEAb R Y R e E 4 AKa HPW 1258 s m
Fig.3 Effect of catalyst dosage Fig.4 Effect of HPW content in catalyst
Catalyst:10% HPW/AC For the sample with content of 0% (pure AC), 10% , 20% ,
Dosage = mass of catalyst % 100% 30% , 40% , 50% and 100% ( pure HPW ), the dosage is
mass of reactants 30% , 30% , 15% , 10% , 7.5% , 6% and 3% , respectively,

so that the mass ratio of HPW in the catalyst to reactants is

fixed as 3% 1n all the cases except pure AC

P b AT UL G R AR PP PR R0 =3 % , A RESR B e A TE 1 k. X 10% HPW/AC
A, R HEALTH TR =30% o QR4 HPW ZEAEAR] o i) 0 280, 275 n] RARRARRAE A0 9 T 2
P4 gt T PR o PR AR TR (CHPW 2905 S8 49 S i 1) 3% ) B S 3o AN R i AR A A A PR RE o i)
DL AETE PEZE 2 R 5 A 00 T, BE HPW G0 8038 C BAEAR 500 A9 T 20 ), R AL R EEAS AN AZ , {H
X ZFERHG I, SRR PR PE AR, B Wi e 4l HPW , 3X AT B T 67 48000 8 my , AL R0 A FL 2B/ (L
1) BALBEEIE M U™ o XA SNt ASLIE AR 15 IR , SO B 22 A S R i A T, A A5
AFIFIEBR G, S EOW =W 20 73 0h, taam By, AR R i (WL3R 1) , Xt ] g 2K

LA RA O TF A SRR B T A =TT 00—

BRI, FFLLSE BT R RE PR e | e ey

PRI =30% B9 10% HPW/AC FES HLEE S S T

. G e
HTHEEEATWEZMEHAEN, H30% - — a— yield of diester

HPW/AC FE AL 2% J5 6 1o I8 4 80 L 28 2 f oy T ety ofmonocster

Ve S AR E, IR T T — 50 R 40 2 2l

Al 90 P A 5 (1894 SR A 11 10% ) ——

AL 8 UK, TS5 LI 5. AT UL, B %5 AL ) SR T N B

BEFUCHI S, B Aok 4797 s BT YO et

TR ~98% FHEZ ~85% . 3X— e 32 ph L 15 30% HEW/AC ) TAL e Bt

Fig.5 Recycling of 30% HPW/AC

PR SR, AT R R ML R 15 TR o HPW
AR T W B AR5 B TR A6z

Catalyst dosage is 10%
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()t {27, B e PO RS SE n , [aTC A7) LAY Keggin S5 ROk /)N, 2] HPW i 2K o
2.2.2 TEAPW/AC ZFVEMA $91EALIEAE B B E] TEAPW 1RO IR R P EEANGE , A A IR A
[, Qi & © TEAPW/AC RSN 6 25 TG VE2 0 FIE AR (TEAPW 245 S5 0 ) 6 o i 1)
3. 3% ) (H AR ) TEAPW/AC AL AL PERE . 520 TEAPW AL, USSR S A TR, (H A7
U5 TEAPW/AC WS Frfd s o 3 Al BB R 57 28T TEAPW AN T ROV A&, BT FRAR; 5720
Ja , TEAPW J3BIC7E 6 P o T, B A8 9 4tk o 351, X TEAPW/AC SR, PRE5 15 P4 i A2 1Y
THOLT , S X IR AL A8 A SR, LB SR8 i, X, BRI 22, SAPR e PR PERR AR, 5180 4 AR AR L.
R A FLAE 1 I AE A e X Bt 0 Wi ok 4R 33% 119 10% TEAPW/AC HA 5 i 1995 1
(94.2% ) FIFAPREEFENE (94. 5% ) o AFAmEL IR 6 FTE] 4 3 ] UK B, X AH ) S 380 R A i, TEAPW/AC
FHEE T HPW/AC, AMERAL AR, 17 ELUURR ™ AU, S 2R 1Y SR BRI REPE s s T )5 & o Xl RE
TEAPW/AC FBRIEART HPW/AC, AR THERALHIZREL . 3 5h, TEAPW RYRERIG KT HPW , 11 3805 fiE 4k
FR AR LA B/ DN A SIS M) 0L 4 A

100 100
S —
o\:\o\o\ o o
\o\.\
sof — o sof
8 N
£ £ total ester yield
Z 608 — = — total ester yield 5 ok — = — total ester yie
8 \ — o — yield of monoester = —— )’}e}g Off zjqonoester
: S i —i
g 40 A€ — v — Yieldof triester g 4or _Z selectivity of monoester
= — o — selectivity of monoester 2 —o— S y s
2 =
>~
20 \ 20F
A
A/‘/A
20 20 60 80 100 L 2 3 4 5 6
TEAPW content in catalyst/% Recycling times
K 6 AJF TEAPW 478 5 i 54 7 30%TEAPW/AC )2 5 i 1% 50
Fig.6  Effect of TEAPW content in catalyst Fig.7  Recycling of 30% TEAPW/AC
For the sample with content of 0% ( pure AC), 10% , 20% , Catalyst dosage is 10%

30% , 40% and 100% ( pure TEAPW ) , the dosage is 30% ,
33% ,16.5% , 11% , 8.2% and 3.3% , respectively, so that
the mass ratio of TEAPW in the catalyst to reactants is fixed as

3.3% in all the cases except pure AC

HAH, ] 30% TEAPW/AC %% TiZ RS A E MO0 . IriRai R ILIE 7, mE 7 ol L, b
A HEATR S TR S, T AT P L R R A FEAANAS 5 IS fiEA T A IR (&I ) R /8 TEAPW %
AR o P, TEAPW/AC J2—28 i v g SR se £E 0, B nT DLE A2 fa FHT ) HY S Y AR IR -B- 72 L i
AR TG & AL

3 45 %

RIREBUER T 2 DRIV R 2 5 R AR R AL HPW/AC FI TEAPW/AC,, iX 26 AL 5
VIR E T 24 )8 AR ER ) Keggin Z544 , F- HAT LA ARSI B 2 I BRAERSFLIE o BB DA ndim,
A PEZE O (9 70 BB AR, AP0 1) LU SR T RRURIFLAR 1 I, AR AR R R 289 i, B HPW/AC R BIRE AL
MIRRTER T TEAPW/AC RIIFERL

TE AR ZE IR RS SR AN P, O JEORH5 180 2 PR R -B- 2 L IR R R 1) S 10 o , P 28 971 i A 70) 2%
I RHEACYERE . 24 Jm SR Eh T BN MR (14 28 — 2P IR AL ; M AR i LGB B A TR 7300 =
PR AT B, SRR i 1 AR A e £ 1k o LT85 1 R 2 43 A B ke 0 1P 4 7 ) 97 8 A A 50 119 P 4o
N 30% 119 10% HPW/AC fE AL , 5 1 25 A0 58 26 £5 4% 20 51 n] 35 ~ 98% Fi1 91% 5 JH 2 33% 1Y
10% TEAPW/AC {4, P 0 5 AP 2E £ 70531 AT 3k 94% 1 95% , {H & HPW/AC Z 51 B AL I 7E
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Catalytic Selective Synthesis of Mono
(2-Methacryloyloxyethyl ) Phosphate

CONG Yunling, YANG Chun*
(Jiangsu Collaborative Innovation Center of Biomedical Functional Materials ;
Jiangsu Key Laboratory of Biofunctional Materials ,College of Chemistry and
Material Science,Nanjing Normal University , Nanjing 210097 , China )

Abstract Two series of catalysts, HPW/AC and TEAPW/AC, were prepared by impregnating
tungstophosphoric acid and [ TEAH ],PW,0,, solution on active carbon. The structure and acidic property of
these catalysts were characterized by IR, XRD, N, adsorption-desorption and NH,-TPD techniques. Then
these catalysts were used to catalyze the synthesis of 2-methacryloyloxyethyl phosphate, a functional
phosphate, by using P,0; as phosphorylation agent. These catalysts possess not only high activity but also high
selectivity for the mono (2-methacryloyloxyethyl) phosphate since the formations of di(2-methacryloyloxyethyl)
phosphate and tri(2-methacryloyloxyethyl) phosphate are restricted by the micropores of catalysts. Under the
optimum conditions and on the optimal catalyst, the total ester yield and the selectivity of mono ( 2-
methacryloyloxyethyl ) phosphate are 94% and 95% , respectively. The catalyst can be isolated and recycled
with high stability. This catalytic process not only avoids using chlorine-containing reagent in the synthesis,
but also greatly increases monophoshpate content in the product.
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