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Scheme 1  Synthesis process of percarbamide
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x1 UEMREFEREERE
Table 1 Crystallographic data of the complex

Compound Percarbamide Compound Percarbamide
Formula CHgN, O4 D, 1.448
Formula mass 94.08 Crystal size/mm® 0.24 x0.48 x0.54
Crystalsystem Crystal system F(000) 200
Space group Pben( No. 60) n(MoKa) /mm 0.141

Continued on next page
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continued from previous page

Compound Percarbamide Compound Percarbamide
a/nm 4.8355(7) 0/(°) 3.15 to 28.41
b/nm 12.918 3(18) Reflections 2373
¢/nm 6.9104(11) Independent 542(419)

o/ (°) 90 Parameters 42

B/(°) 90 Ap/(e+nm~?) 0.104 and -0.106

v/ (°) 90 R, (R, all data) 0.0298(0.0416)

V/nm? 431.67(11) wR, (wR, all) 0.0858(0.0950)°
A 4 Goodness of fit 1.040

a. based on all data.

22 LG YR BRI B T A
Table 2 Bond lengths and angles of percarbamide

Bond lengths/nm Bond angles /(°)
C(1)—0(1) 0.012542(18) 0(1)—C(1)—N(1)#1 121.05(8)
C(1)—N(1) 0.013271(13) O(1)—C(1)—N(1) 121.05(8)
C(1)—N(1)#1 0.013271(13) N(1)#1—C(1)—N(1) 117.91(15)
0(2)—0(2)#2 0.014 609(19)

* Symmetry code:#l: —x+1,y, —z+1/2;#: —x,y, —z+1/2.
2 iR 5
2.1 KEEEFHTFE
R T E A R BRIBE R 7= 2R B PR B i W e L A A, T e A R RIS B & R R B

AR SRR SRR S R B IE SRS Lo (3*) o 1B IR Z/KF IL3% 3, 1 BRI ™ 3 BV L3 4, 1 1
AR EWI IS,

®3 UBBHEEESRBEELT

Table 3 Orthogonal experimental factor level of percarbamide yield

No. 1 2 3 4
Factor Ratio Temperature Time Stabilizer
Level 1 0.65:1 30 30 TA
Level 2 0.70:1 35 35 EDTA
Level 3 0.75:1 40 40 TP
F4 ZMITHREBRTEEZKBREROREST
Table 4 Range analysis of orthogonal experiment results of percarbamide yields
Factors
No. A B C D Yield/%
Ratio Temperature/ “C Time/min Stabilizer
1 0.65:1 30 30 TA 94.87
2 0.65:1 35 35 EDTA 91.65
3 0.65:1 40 40 TP 96. 82
4 0.70:1 30 35 TP 93.53
5 0.70:1 35 40 TA 94.47
6 0.70:1 40 30 EDTA 89.30
7 0.75:1 30 40 EDTA 98.23
8 0.75:1 35 30 TP 94.89
9 0.75:1 40 35 TA 89.93

Continued on next page
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continued from previous page

Factors

No. A B C D Yield/ %
Ratio Temperature/ C Time/min Stabilizer

K 282.471 285.759 277.299 229.59
K 277.299 280.119 279.180 221.181
K 281.529 275.421 284.349 219.411
ky; 94.157 71.967 72.610 76.530
ko 92.433 71.690 71.100 73.727
ks 93.843 79.737 79.683 73.137
R; 1.724 3.446 5.014 2.193

Order C>B>D>A

Optimal level A, B; Cy D,
Optimal combination A;B;C3D,

=AHERBIKT-A S A By D N AAIR A S LKV 4L, BRI Bl i B 7= R e A 125 2%
P JEURHEE ZREE 0. 65+ 133 40 °C, S R[] 40 min, 141 FRAE N RGE T o A BIRIBERL 75 0 99% .
RS ZMEEEEXARERNOMESNT

Table 5 Orthogonal test range analysis of oxygen of percarbamide

Factors

No. A B C D Yield/ %
Ratio Temperature/ “C Time/min Stabilizer

1 0.65:1 30 30 TA 17.6
2 0.65:1 35 35 EDTA 15.04
3 0.65:1 40 40 TP 17.6
4 0.70:1 30 35 TP 17.2
5 0.70:1 35 40 TA 17.2
6 0.70:1 40 30 EDTA 17.6
7 0.75:1 30 40 EDTA 18.56
8 0.75:1 35 30 TP 17.04
9 0.75:1 40 35 TA 16.4
Kj; 50.240 51.360 52.239 51.201
Ky 52.000 49.281 48.639 51.201
K 52.000 51.600 53.361 51.840

ky; 16.747 17.787 17.413 17.067

ko 17.333 16.427 16.213 17.067

ks 17.333 17.200 17.787 17.280

R; 0.586 1.360 1.574 0.213

Order C>B>A>D
Optimal level A, B, (ON D,
Optimal combination A;B, C3D;

3 AN HER DAL E A B, Co Dy AR ES (1 e UL K - 20 G, RIS 1 480 25 o i) e I 1 25 26 40 ek
JEJREE 0. 75: 1, Y& 35 °C, R W [1] 40 min , = SR MEPRAIIR ER A RS ) o ARG PR 7 17.5%
2.2 @RS

X PR AR IS W], A W2 o DR A SR A S P T A B, DL IR Lo e B TBE I 1 =2 T o i
[HLE R, LS WA AE 2 MR A s 1) O—H~-0 , 02—H2--01 ;2) N—H0 , NI—HIA~-02 ;
N1—H1B+-02 ;43 F58 i 02—H2-+-01 I N1—H1 A---02 b 2 42 i TC KR — e SR 4 4, WL 2, ifF—
A NT—H1Be--02 Y BEIR A A B ke , 14 BGER 4R IRIRES A, WK 3 . fe R T s =4 0 1
LR, WL 4
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Fig. 1
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The molecular structure of percarbamide
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Fig.6  Curve of percarbamide content vs temperature Fig.7 Curve of percarbamide oxygen content vs temperature
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Synthesis, Molecular Structure and Thermal
Stability of Percarbamide

LI Bingying, YAN Jie*, NI Juechen, FENG Xiaogeng, XING Yongheng
(College of Chemistry and Chemical Engineering ,Liaoning Normal
University , Dalian , Liaoning 116029 , China)

Abstract The method of four factors and three levels was used to study the influence of the material ratio,
reaction temperature, reaction time and stabilizer in order to obtain the optimal process condition of
percarbamide. The results show that the yield of percarbamide is 99% , and the oxygen content is 17. 5%
under the optimmal synthetic condition. The thermal stability of percarbamide was investigated by thermal
analysis. The results show that the content of oxygen and percarbamide decreases rapidly when the temperature
exceeds 65 °C. Finally, the crystal structure was determined by X-ray diffraction, and the software, Diamond,
was used to describe the three-dimensional supramolecular structure of percarbamide and the connection mode
of hydrogen bond.

Keywords percarbamide ; optimization of synthetic conditions ;molecular structure ; thermal stability
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