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WE: FIH 20 R E L T A R R = R 1 R RO G o v . 1%
Hypercarb™ £ £ F 8B FE, SR FH/K-25 mmol/L HFE R ERYA BN IR B AE AT BR FE DRI 28, FEIR
N 30°C, JiEMN 1.0 mL/min, KK 190 nm, FSZIIASSZ AR S 445 W NOs. NO»'s
COPEBH T T MR RME . 45 REH, JREFE 0.1~100 mg/L i i< B 7 [l 9 2R 6 3% RLAF
MZXAEE G KT 0.9988; MM ArdEliZ (RSD) /NT 0.79%, &, o @ =K N B s
AR 112.0%~118.4% 2 (8] o B Xf TR IS S B R AR VR At 2B R 20 A, 2R SRR R R i 0
Wt RAF, HARZBIHABA RN T, % VERTAC BRI B, Oy (EAREE, S5 RMER TS, KRR
U, Y F TS bR A PR R AR R R PR 3R R R DR T A
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Determination of electrosynthesized urea products by high performance

liquid chromatography based on porous graphite carbon columns

SHEN Rui, LI Yongyi, GAO Xiaojing, SHI Chaoou

(Analysis and Measurement Center, East China University of Science and Technology, Shanghai 200237, China)
Abstract: In this paper, a high performance liquid chromatographic method for the analysis of
urea in electrosynthesized urea products was established using a porous graphite carbon column.
The Hypercarb™ porous graphite carbon column was selected, and water-25 mmol/L
methanesulfonic acid solution was used as the mobile phase for the gradient elution and separation,
with the column temperature of 30 °C, the flow rate of 1.0 mL/min, and the detection wavelength
of 190 nm, which enables the determination of urea without the interference of other impurities in
the electrolyte, such as NOs, NO2-, COs%, and other ions. The results showed that the linearity of
urea was good in the mass concentration range of 0.1~100 mg/L with the correlation coefficient
(%) greater than 0.9988; the relative standard deviation (RSD) was less than 0.79%, and the spiked

recoveries were in the range of 112.0%~118.4%. Finally, the actual electrolyte samples received
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were sampled and analyzed, and the results showed that the peak shape of the urea chromatogram
was good and was not interfered by other impurity peaks. The method is simple, convenient,
accurate, reliable and specific. It can be used for the detection of trace urea and other related ions
in the actual electrosynthesized urea electrolyte products.

Keywords: porous graphite carbon column; high performance liquid chromatography; urea;

anions

180E

JRE%E (Urea), URRIRSRERIEN:, B FIRIOENILEN L —, HAEPER IR R,
TERG. SRR R 50K, 7ERRR R R G A RN, JRE) AT AR AT, Rgl
EVRIFT RN R HE I 1 B, SETT I AR IR SR FRT G 2%
PR R VES R R Ty, I R 4 R B e, 5 H
H A

FhL {2 A R 2 T DATE — 5t R 3R R R 25 6 46 T 4 R 0 1) B VB RS RE AT B0
el R, 27 B LA No SR N COn MM ERE, 7E7K b B A & R 0L,
TR IR RE TR, 15 A BRI RI T 20 . A ARRED, TSR B EUR A
TR B TE RS MLV 5 €O — R SERAT B 4650, 6 FL (2 A R SR T 7
PR, R RAEIR RS, EAEE AR NOs . NOs . COP SRR T, BARE
P5E = T4

HATE AN TR, 45U M R R Z IR v, A ST, £ 54 IR
VEIOH, A 3I0100 LTSN 1) I i R P 120V ) RS STF R 15
WA B, B TSI R B A R BT Chen SE0V1A & EE001)
SIRER T — 25 Rk — R TR N ), LS IR R B RN, R4t
SRE LTI VRS sh 4 A AT P R S BT, Ok, IRV
0 e 55 7 S 47 5 28 O TRAL SR 1, B UK OA FSET FA 2 8M e — fie T
BLEEERE, P EHCRE, (R AR BRAG: ROOM (i ELE R b L RS
T IR 2 B TR A A, M ATE s SR (v b 2 (R, 3 3T 3K M T
051, REFTATA- SR ML 10, R LR 0 kB B R R U . FOoh, Zhang! 2188 AR

FH 2R D28 RS OB PR 22 B AT €, A H FR2M 0.003 mg/L; Kramer MU7TIEE A X EE
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I ER IR A R S AR U i A € D VA A W AR e Y PR ER A R, R BR300 3 mg/kg AT 2
mg/kg.

BT PR LRI K AE 190 nm fi A7, AbF AR X, DRIEAE A 48 A 25
i, K552 B4, 2L A BALER (Porous Graphitic Carbon, PGC) H:AE A—F T L4
J\AEARTF A v A ) E R R, 7E B o T T 6 I T SR B A e R 1 — SR P
BUEL PGC 2 —Fh 2 SLIR UKL 2 2R GAURRF iR T AR, B i BEAR 8 PEAIB U 5
i SRR SR B i e i, & TR SR A T R A U8, R, ORI A AR AR
PELR B RLS: (PREG) AEAFEM LR BT U021 43 B _E AT B ORI R 5 ¥ PGC A T HL vk
RZRTIREM 5B, JETE 190nm (RSB R HEAT R E 3 18 B W AT

FEl A A A AH SR SCRRARGE 1 9% T FELE BR300 SRR P A B PR R K 23 M 7 1. X122
& ANAT Mengl%6 N #5 K H NH2 Phenomenex (A REAE, 43 51 LA 201 7KW R HR 2 7K 80 R
BAH, BEAT AR PR R S ERINE, (HIERAFH PGC FHEREAT 70 Bk i A 5 75 12418 .

AHF TR PGC FEARF IR LR B AR, HAEARER SRS T RE I Rzt /N T4 4 A €
WERERORFER PR RE, R IR T i OB (i FEE AT B AU R N IR A T AT . T
L R P A AE SRR BE s B TR 2 55 e, 3@ I 0 i S AR 1) 2 4 DA S g VR 2
(RIS AE, SEBLT SRR A BR300 HLAVE P PR 2R IR 3 B RVRIN , 38 G 1 vk BE AR o B 7 K
Yoo ZH R, THE MR SRR, ATRUE, R R R R M E
PR — b AR RE HL T (8 HERA B A I 77 2
2 SELGHERS
2.1 &R AR SR

U3000 & AR €4 (3EE Thermo /A F]); 5 Hypercarb™ £ fLA7 885K, 100 mm X 4.6
mm, (3E[E Thermo A H]); AL204 HF K7 (MEFRE#I-#EH] 2 A F)); Millipore-Q A10 4k
JKHL (Z£E Merck Millipore A& ); 100~1000 uL # ikt (AbHT R AF); 100mL A EHi.

TR (96%, 25 BRI BR A 7D BEER (85% /KD  FH B AR (MSA, 99.5%)
JRE (99.5%, VT80 KRR (R ToKIRIRAS (RHK2) . S A
(Rl B Bbrdr T AR AR KA NOsw NO»+ NH FR#EETR, 100 mg/L,
T SR AR TR
2.2 VA VREE
2.2.1 FRAEVE VR PR BT 1]



JREFMEVETR : HEFIFRE 100.5 mg JRRZE 100 mL 2 IF 4K E %, 155 1000
mg/L IR FAFUEEI, & F s ARAEIE G M BOE Sk & v, FH A Al KRG B A [k 2
(IR HE T o

PO LA MERRREN 1.011 g AMERET AN 1.060 g BREREAZ 100 mL 2% S P FH AR 4L
KEZE, 155 0.1 mol/L HEWR, &H.

AL AR R R VAR MERAFRIX 1,011 g FHRET . 1.060 g BRIRINAN 100.5 mg JR R 2
100 mL S P FHEBAUKES, FAH 0.1 mol/L HMIIZE LM BT 2] 0.1 mol/L HLARIK
5T 0 R EE R F

2.2.2 FEGET A ¥
LA R R I SR B RE S VAT LA 0.22 pm SRR I8, B A5 00 BE A VL
2.3 i

i 4. Hypercarb™ £ 4L 47 S8 5AE (100 mm X4.6 mm, 5pm) ; FEE: 30°C; HizhH:
A: H,O: B: 25mmol/L MSA; Jiti#: 1 mL/min; #FFfE: 25.0 pL; R EE: RS
R eg, 190 nm; BEFEVEMFERF: 0-2min, 2% B; 2-8 min, 40% B; 8-15min, 2% B.
3 R 51T
3.1 &g KR
3.1.1 BRI K PR

22 RIS 2 S AR CL8 HEXT IR F AT I, (EAESERR AT R I, ik BE
NOs 5RFEHMELIAF B, THIGE, WE 1w, FFERAT200E$ Hypercarb 4, KN
NO; 252 3| PGC BRI R EEAEH, (15 NOs HHIRIE 5, B IR R, X A2 H T NOy
Bt O ¥ 55 PGC R F=AE LA BAEH, 7EMRME&ME T, PSS FrofReg rEsgas,
EREEAM TR .



3500
3000 1
2500 1
o 2000 JRZFEAKNO,
< : p
£ 1500 ”
1000 - H
577 B B I KNO, B
500
0 ] N JRZ&
0 2 4 6 8 10

t/min
1 CISHTHRR. WERFBESTFHNEIEE

FEXSEE T PR AR HABAR G % BB - (R R AN I 5 R B, PR Z BRI/ T 45 TR
PR FIRBEARAG, 7E 190 nm X — I, IREAHB R, i 2 RBUE MR,
M7E 195 nm BUE @K R, ARSI B SR, RBUZA TG, [FR, 76 190 nm i
BRI 26 8, PGC AT MR B AT CI8 AR R ik kLI S 5/, AIAEIR
TR 9> 8 5 T4 o 45 5 FEAE R 190 nm VE AN, AR IEH B ST, /M T 195 nm
T TCVEHEAT S o
3.1.2 AN L B

ST PREAETRIEIA S T AR E H 543 i, T A5 P P SRR PR B AH P kAT 23 B8 o I P WERR |
Bl LA S PP BE IR = s WLRRVEREZNAR, FEAHIR S 2, 4005 %% 10 mmol/L B4R iR
B2 5 mmol/L FEERAIR N4 BAR, WK 2. S55RM, BRERVEILLS I ) R 20 (e i o
B, HWE RO, Mkl R B 1 CABR R A9 TR S AR, 75 R 35 OR B AeF 5] Bz H B0,
FHIRZEME o« R HERE TRV MOMEAT MRS, I3 BB AR L WA R IR PR FAR € i
Bl R 25 e 3 FR LR R VA VR IR B AR



1000 -
800{
“05 MSA
) ] (
< ] l
g 400 ‘M‘
] | H,SO,
200 -
] H,PO,
0 -
0 2 J 6 g 10
t/min
B 2 =#EMRETHRERECER
3.1.3 MEAE K

TR P I TR LA B A A T 240 2 o R I £ S DA i) L W B 3 PSR, YRR ) 2
EEAR ARG, AT B VBT AT s T Ak ) 52 A £ R i A5 470 5 [ 52 AR 2 180 PR AR AR
R, KA ISR AT BE 5 I G . NBAL S R E S AR, #E PGC A1 E, PL 5.0 mmol/L HY
FERETRAE B, X ATEC A 1 50 mg/L JREEFFFERERE, 5655 T 0.3~1.2 mL/min [
X BRI, SRR, B REN N, RERRE N AR, HIE AR YIRE
49 1.0 mL/min I, A RBIEBEEKR, EROREF . HIREEE T 20~40 *CANFIFE TR K I 45
RO, Bl ER, RIS SBURERRIEG R, 30 °C N A ISR SR . 4
G H BRI A B, R M R BT R, AR E E Y 1.0 mL/min, AR
30 °C.

314 WERAL R TIRE 7 LR

TEIRBNAMBEIR R A LI, B T4 5 R IR 38 AME 576 K& NOy. NOy+ NH4'
HCOO . HCOs %5 7% i BT, {EIEPRIRBIAHIE I T 5 8 PR 35 2 R 1 4y BS )& o ASHE e 00120
ARG FEMVE M 575 A HBEEL T 10 mmol/L 5 mmol/L. 2.5 mmol/L =N i H JEfitf iR
VAR DB AT e M o R DN S5 R HT, bk e TR B2 AN T RIS, PR 3R Ok B IS ) R AT 1)
BARL, T NOs S B TR BB AR A 5 . 4 W B FRIR 8 2.5 mmol/L B, NOs
W I R SE 4K 2 20 min, FAC ARSI E],  SEmaAALER . T LA 5 mmol/L FH AR A PR VA G Mt
I, NOy IR ZH I (il = A8/ S (Kl 2.a), S0 PR /M I HER 1 o
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BT, AEIRREHME TREESE, AN REE, 3BT R R BE A
Jiike RAWEVEHART I 1.3, FEHBREMPERIE T, XHRFIRE A BUREah A R &4
A AIERE T . BRERY], IR AR 32 2 NO S8 HAm 2 i i 71O T80 (& 2.b), U
AR, ARTEMEEN Y, HaPrm R 15 min, & SRR,

800

35
o

(b)

3
%

F

0 5 ) 10 15
/min

B3 ERERAFREREEHSR (B) RARBREHR (T) GIEE a FEEER b SBEERER
EHEIE: 1. urea; 2.NO2-; 3. NH4+; 4.NO3-.

3.2 FiEFEHER
321 RHRR. MHREEER

MG 1.3 Prid il S5 AT IE « AR RS E SIS, XECHIAFAT 0.1. 1.04 5.0. 10, 25,
50, 100 mg/L — FR 5 AL AR R AR MERRAEVA IR, R R B m iR I ERE BT, AR
SINE 3 Ko 53 5] LA ARG o (10 T S A b, PR 3R T i vk B i A b 22 e ot 28
WA BRI AN BT TR o 25 R R, WETHIAR AN & SR B3y I RAF AR IE R R, AR
REC 5929 0.9997 F1 0.9988 . [l HL ¥ 0.098 mAU, LA S/N=3 THH 7% 1k Hi P A 0.028
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mg/L, LA S/N=10 T+HH 7R E 2R 0.093 mg/L.
322 EHH
RNFELLTTENE G, FIFEAE SR g 24~ MECHILF 1) 10 mg/L+ 50 mg/L+ 100 mg/L
AR B ROBRHE T BRE il 73 B BEAT R SRR RE 23 BT, RN IRBESPATINE 8 YK, 1O SRAH R (R TH]
R Ry o G5 R W3 3, PREFI TA) S AR | s A X AR A 22 (RSD) £ 0.065%~0.79%
Z I8, Ut BT R A R
® 3 ZSHRETRFRENEBE (0=8)

10 mg/L 50 mg/L 100 mg/L
No. tr/ W TET AR/ e =/ tr/ e T AR e 3/ tr/ e T AR I 3/
min (mAU*min) mAU min  (MAU*min) mAU min  (MAU*min) mAU
RSD
0.17 0.27 0.79 0.081 0.065 0.64 0.072 0.084 0.67
(%)
3.2.3 fnfnE R

B T oF 5 o B AR YRORE S HEA T 0B RIS S, DA 85 VA I MR o SR — /S TIUAL S 11
0.1 mol/L MR Z T 5L b L& BUR 36 IR AU BRI\ FAR PR AERE L, 75 34T
TLRMEEHE NS by S ANRERRRE S, PATIIE 6 IR, AR4E 45 ST S i 3 Al RSD
B, BEARNE 4. IR ERAE 112.0%~118.4%2 [, RSD 7E 3.1%~4.6%2 ], W iZ
DRI AT, BEH R SRR S AR R o
*® 4 HBRAPRFEAMFEERMENRERE (n=6)

ERaYY)| AR JEAH /(mg/L) ndrE/(mg/L)  WEME(mg/L)  FE% RSD/%
0.080 0.221 118.2 4.6
Urea 0.126 0.10 0.238 112.0 3.1
0.12 0.268 118.4 4.6
3.3 SERRRE il

KA ERI T &, 6 BT H I 0.1 mol/L i T SR s B B P AR V4 R R EAT R
BRI Z A LR R EATAR I . i AT, 7E 1.5 min 22 HEL— B0 i, fE
XY PR S A 25 R Jm S UGS FLEAT VAR, S I O AR SERR LR S R RS R e AR
MIFAl 5. RIS NO» BLK ik FE ) NOs 25 4% 5 5 1 IO DR B IS [R] S AR REAFAE 22 57, FTRERE
SEBRAE it b B A R AL S P AR PGC A B DR B I R, H R AR IR B R PR 21



SEIE T, TR I AR AT T AR S R R RIRE N 0.126 mg/L, FLARFR S R
ZIE 7394 0.0963 mg/L. 0.148 mg/L. 0.152 mg/L. 6B 1% 7732 80 F T 92 b v & oA 7

PR (7 A2 R AT 1

1 NO, Je HAth 257
2000 o
1500 -
] -
<
£ o
-]
<:E 4
1000 — NO2_ 5]
w0 - /
ol
0 ; lIO 1I5

t/min
B4 BEmREZRHEAGIEE
4 B
AW FCESL T K PGC A3 H T 15 RO A €618 SRl 58 FE AR R P CE IR R I dr T

e PGS R BN BRE AL, IR Hypercarb 1, HAFBRRIPREE N BEKG IR R S5 H e ™
WETIE TR0, B T R EEAN T, 76 190 nm BB BT, BEm
PRI REE, HORUERAKH S St g fIE & e M . ik R &, WERPELy, HAr
AFROD IR, RISCR R, ONEE BUR R I E S T — M o i F B

SR
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