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Abstract ; 2-Amylanthraquinone is made from 2-amylanthracene over N-hydroxyphthalamide ( NHPI)/tert-butyl
nitrite (TBN) catalytic system with molecular oxygen as the oxidant.The influencing factors, such as catalyst, initiator,
solvent , pressure , temperature , and reaction time,are evaluated to determine the optimal reaction conditions,under which
2-pentylanthraquinone is obtained at a yield of 96.5%.Meanwhile, the dissolution of 2-amylanthraquinone in 1,2,4-
tritylene is determined, and fitted with the classical thermodynamic equations, namely Apelblat equation, Ah equation,
Van’t Hoff equation,and NRTL equation.Mean relative deviation ( ARD% ) and root mean square deviation (RMSD) are
utilized to verify the accuracy of the model.lt is found that NRTL equation presents the best fitting effect. Finally, the
hydrogen efficiency of 2-amylanthraquinone in hydrogen peroxide production is tested through the anthraquinone method.
Results indicate that the hydrogen efficiency of 2-amylanthraquinone remains approximately 10 after being recycled for
5 times, which holds a promising application prospect.

Key words :2-amylanthraquinone ; oxygen; oxidation reaction; solubility; hydrogen efficiency test; green chemistry

TR K HC A A A e 2R 2 R
R U RAT BRI, P TR S0
Rt , R AT A= W) 2 W T XK B A 7 2
HRt IO e R R A A LIS AR e 0 U 2 B e
SEAUBERECR TG R e I AR e v
BERR R 2- TR R RERS (0 35 M 4R o =R, 5
[ P S B R B 2 — P3G R 7 Jin =R AL R AN S A
TARR AT B A T e R 3, T & 2 -3k
T ) 3 05 BT 2 UK AR P AT AT AR R B
FEME.

I, G R A O 12 2 A R
AR PO IR I R ORI AR
JEORL R IR 22 55 A i AT DL Fe, SR B iy o A o 2
DR T PR BRIR | I 1 A 7K XS 182 6 J o 5 7 o LA %
TR BRI, AR s B
TR PR A A AL ik BTG RR (0FH 5iR R A AL ek

TR K 7 A B BN, I TR X A8 i B
(>400°C ) AL BAS 7, Xk LS Tl Al A 7 5 28
PRI S AN SR A AL TR, (EL IRk e SR 3 A e
i CBRFN G R BRI 2 A [ i AR 5
HoAb LA 7k LO A, BAT JRURHES A6 3 F0 7y e 5 1
Bt SRR AR X IR AL A BAA R
TR Tl AR RSt BEXF A A AR S AT A= M R
58, DA — 5T RIE . Clarke %517 R HI AU SUAE
AR AR AR R = T T i TS
P EER AR A LIk 3] 75% Togo 227 04 R
HALE DV SRR, T AU =4 fedh
PEALHR , 78 400°C T 38 5 T A Ak S B3 1 1 2 -4
I BR , HR 35 5] 60% 5 Cepeda 25 LA CuBr,
SRR, AL SRR A R, O HohE AR
SR GEAT T O TR0, R AR IZ AR R T
(e SRR BE A 120~ 160°C , Ao 3 2 [F1 4%

Y75 B HA . 2024-12-23 ;&[5 H #1:2025-07-07
BEE£WE O THYFTH L5 H (JYTMS20231453)

{EERBA FEE(1997-) , 9 Wit B9 J7 15 A LA I, 17852030747@ 163.com; PAEL (1985-) , 95 11 BIZEZ , HF58 7 1) R HLA A, 3 iR

BX RN, sunjing@ Inpu.edu.cn,



2025 F9 8

i 4 )8 S AL A WAL R A A B A A=
AT B AR BT A ROR B R A S 7=
TR AL AL A0 P e LA 5 b BRI 25 42
JRERE S0 5 S B R IR S 7 e — g Y5 Y 5 3
o4 JE AL s B 5 | TR M | BN I e, AN
FIF Tk by KA =, L R E IS sk
AT AR AR A Al 1R 22 36 0 8 AT A W 1 i
FALHATEEE L, AL, N-FEEEL0 08 — F it
A J (NHPY) /A R AL T B (TBN) bk & |, 4
TR R BRI T 2- 1A AL (B 1)
AL BT 5 R TR T TR N [ S
SN R 2, 010 2 - 1 35 IR 1 4 2% 1, O S T M
JE B S RERF T

0
NHPI, TBN O‘O
Solvent, 0,
0

A1 2-XKEEWA

1 B 5iH

1.1 ##

PRI (SEFE =99% , S H) .
1.2 FIRILEE

1,2,4-=HZK(98%, |13 sa kAL R A FR
NFD)  ONE TR LB LR LB R A
3BTl K K% A 2= 350 NHPL( 46 =99%,
ERfS PR 2 ) s TBN (4l BE =99% , |- B i 35 34y D1 353
H) s ZEIBK (A Ml a0 s H ) 5 A A7)
Pd/ AL O, ( KA AL TAFFE B

BEFEFE AL (RE-52A , I 5@ AL AR RS ) ;
RIVZE(GG-1, 15 A3 A BR 2 7] ) 5 5 3
(KSL-1200X, 75 NERH b B ARG BRA R ) 5 2% #G
HIR I IE 1L ( AVANCE400, Bruker JGIE XA 7))
AR TEIL (Agilent7890) | 1 R AH (5, 14X ( Agilent
1260) , ZHERFHEARAF

2 XWHIE

2.1 XBTE

FE 5 OV 48 N DA UK TRk AR R
I, NHPI A AEALFIFT TBN A5 1 &7, A HLE I 7E
(5 A3 2R, VA5, FH i
TTE AR O BRI A BIEA T AR 40 AT, B 3 1R
ST B EEAE S SE g A A
2.2 BRENE

SR FHRORH TR X 2 — 136 3k IR 7 7 0% 0 vh I i 3

TERE 2-REBIRS LI ITEEHR - 145 -

AT AT E . FETEEIREE T iRl 2 - 8 2 R
FEG A s i 2 AR 458 I i e e R BT
o2 B EEW A S O G T A R RS
FIVE TR ATIRAR A3 B, B 3 YR 4 A AR S A (B R 5K
A,
2.3 HAE

TR RICAR AT < 2R FH R 0BRSS 52 1 i
T 2H 4 1 B AR A, T R S8 AR DU 25 A Ultimate
XB-C18 {6345 (4. 6 mmx150 mmx5 pm ) X AL 5%
WA 0B, RETEN 35°C, Wi sh A HY 5/ 7K A FR
k80720, i 1 mL/min, #EAEE A 10 pL, SRk
DS = vl vy o o T vl T o g = a7 L &

WG LR 5B RPN 400 MHz; %5510
ARSI (CDClL) .
2.4 HIEHMA

VAR E I 4L A BE AR AT DLk FE 4G 5 T A R K
I, Y — s I VS firp i T R 1) R B, SO T [
ROV i () AR 3R, BT LLGE 3T Apelblat 77 % AR T
& Vant Hoff 772 & NRTL 77 F£4532 ] Matlab % {4
AT IREK

(1) Apelblat 772

IR Apelblat AR 2 (1) 1777 S FRASY
AR O A I ) P s i e v I T R —

Inx, =A+B/T+CInT (1)

Horbrox VR BT BE RV AR BE  mol/ L T A7 27 1
¥ KA B.C l 3 MUAESEL

(2)Ah FFE

Ah 5 RESE P B ERI Yy v F T FE M
AR 5 DA S AR fife B Tl , 2 BRSCRiR [ 35-36]
A= (2) .

Inf1+A[(1 —x)/x]} = AM(L/T-1/T,) (2)
o I B EE IR 08 T A X K T, N
W& RUREE KA h AT RRBHL

(3) Van't Hoff 5 #2

Van't Hoff 75 2177 J2& FH Sl i BHAR v v rh v
O JEE IR ik 50 1 %o 5 R A T 2 T B 1) (B (1)
LMK, =X (3) .

Inx, =-AH,/RT + AS,/R (3)

Hor o R IREEMRIE  mol/ Ly AH, YRR 15T N
IR EE K AS NIRRT, 1/K R SR H B,
8.314 J/(mol-K) .

(4)NRTL 5%

Renon 1 Prausnitz $& H i) NRTL 77*%[39] g ,
XoF VR PR AR A 2, 25 PR A 3K 31 i HE AR fig



- 146 - LA AL T

HEATEAR , B AE A 26 B AR B, AR OT @ 72 AR
%R E AR A 3 A 22 B KA PR T A5 )
K(4):

Inyx, = (-A H/R)(I/T - 1/T,) (4)
Kby MG RE A (5) ~ (7) i8R AR
HH,8.314 )/ (mol - K) s A H, IR, i DSC
M B3 455] A, H,=18. 05 kJ/mol,

Iny, = 21 {7,[Gp/(x, +5,G,) 1" +

(7Gy )/ (%, +szzl)2f (5)
Gij = exp(—aTij) (6)
T; = g,.j/RT (7)

Hori =1 2, RER R ; 6, AT 40 T 401
HAEREHURREE s, 2048 0 1 22 [0 0 RE T4 PR B
V/mol g, WAERA LA 28, S BEAL 5y j il i 22 ]

FIPE FHE 22 5 o NIE W AEBE AL, 2 B8 SCHk
[40] , A58 a [HIXE N 0.3,

3 Z4R5iFi

3.1 RIESDW
3.1.1 MEEAENH

2— KR R A A% W AR R Sk i 2 PR,
"HNMR ( CDCl,, 400 MHz) ,5:8.36~8.20(m,4H) ,
7.84~7.72(m,3H),1.81~1.70(q,2H),1.39(s,
6H),0.71(t,J=8.0 Hz,3H) ,

161514131211109 8 7 6 5 4 3 2 1 0 -1-2-3
f1

K2 2-XEETHN "HNMR i &
3.1.2 BHECRAREESHT
3 A AR R € T X 2 — 3 IR T 1) 4l B R
RATREIN A&l 3 P, 2 -8 SE R Ok BE B TRD AR
22.736 min T, HALEE A 98. 8%,

25001

22.736

2000
>
E 1500f
o
15 1000F

E
500}

1309
1.755
3413
5334
7.295
16.586
30.779

0 : : : :
0 10 20 30 40 50
t/min

B 32—k EER S ROR A AL B

FA45BFIH

3.2 REEHH®RK
3.2.1  BRLEF R # e

FEA J I B[] 2 38 0 B N A, i e 7 o e &
IR BT ARSEFEA S W B[], A 38 i 52551
S AR B2, PRI 2 5 S g i [) R 7 238 1) 5 1
TRIEILH S50 M B FE T 1 mmol , #E4E7] NHPT Hy
0.75 mmol, 5| & #] TBN N 1.5 mmol, JZ I i& &
100°C ,BIG WV E S 1.2 MPa, SEERZERWE 1,

*®1 RRE 2-KEEBREEHEN

TBN/ NHPL/ R/ JE S/ At 1]/ 4

mmol mmol C MPa h %
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1.5 0.75 100 1.2 4 64.0
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1.75 0. 50 100 1.8 5 93.6
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