2024 4E 8 H & 1% Vol.42 No.8
August 2024 Chinese Journal of Chromatography 799 ~ 804

HARLE A DOI; 10.3724/SP.J.1123.2023.09013

ETZAERENSNREREENERUFARKRE"Y

wE, FkE, wRE, AR
(EARB TRk, B 200237)

FEE AL A B R BIE SR — BloRE T 4% 6 AR 1 SR 38 Tl 8 O vk, L = b B B AR T IR R A, 16 B A R
NO,” \NO,” .CO, S4B F, X LB F Z) W PR M E 77 A T, A SCHET LA ARl A Ak A A 7 B 458 iz
IEah G AR AT /N8 SO C18 it AEM RS SR 4 T SR fa e AR 35, IR 2 9L A SR b ht e r T
HL G BUR P P PR R W w8 SO (T BT vk, Zead (i S AL S, 2 8% Hypercarb™ £ L A7 S5 Ak (100
mmx4. 6 mm, 5 pm) , K H7K-25 mmol/L H FEG# ¥R 17 8k it shAH EA T80 B VB0 43 89, AR 30 °C L, il 1.0
mL/min, #FFEEA 25,0 pL, K 190 nm, 77 SEBUR 52 B ff i A =LA 24 5 (40 NO, ™ \NO, ™ .CO,> & ) Tk
PIPRZ M , 25 FR W], SRR S AT AT AE 15 min P58, JRZRTE 0. 1~ 100 mg/L JEFR N PEIC R BRI HH I R4
(7)) R/NTF0.998 8; LK FR (S/N=3) FlsE = FR (S/N=10) 437514 0. 028 mg/L 1 0. 093 mg/L,{X .4 . 3
AR T RIMAR IR A 112. 0% ~ 118. 4%, R FH T 8 57 14 J7 1 b 2 B i b2 IR 36 BN VRURE i tHEREA-#T , 285
RWIRIRE RGN EIEECN RAF, 2O kaib & i (e JRE G M T 7L T — @B 535,
AL T 58 R St d AT T S BR H A R 2R R W v e R 3R S A A5G AAs T

KR AL A SIS AR A 3 R E T T

FE K ES.0658 SCHRFRINED A

Determination of electrosynthesized urea products by
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Abstract: Urea is a simple organic compound that is widely used in both the industry and daily
life. Compared with conventional methods, the preparation of urea by electrochemical synthesis
is more environmentally friendly and sustainable. However, after the reaction, low amounts of
urea and high concentrations of inorganic ions, including NO,”, NO,”, NH,", HCO, , and
COSZ’, with a comparatively high concentration of NO, , remain in the solution. These ions
tend to interfere with the urea measurements. Thus, detecting traces of urea in highly concen-
trated ionic matrices is challenging. Several urea detection methods, such as infrared spectrom-
etry, the urease method, and high performance liquid chromatography (HPLC) , are available.
Among these methods, HPLC shows greater sensitivity and accuracy. However, urea is difficult
to separate from NO,” on reversed-phase C18 columns. Porous graphitic carbon ( PGC) col-
umns have lower column loss and better baseline stability at low UV absorption wavelengths
than ordinary reversed-phase C18 columns. In this study, a qualitative and quantitative analyti-
cal method based on a PGC column was established to detect urea from inorganic ions. The
separation of urea from other ions was successfully achieved on a Hypercarb™ PGC column

(100 mmx4.6 mm, 5 pm). Experimental investigations were performed under the optimal
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chromatographic conditions, and gradient elution was performed with a H,0-25 mmol/L meth-
anesulfonic acid aqueous solution as the mobile phase (initial mobile phase volume ratio, 98:
2). The column temperature was 30 C, the flow rate was 1. 0 mL/min, and the injection vol-
ume was 25.0 pL. A diode array detector with a detection wavelength of 190 nm was selected
because of the low UV absorption wavelengths of urea and impurity ions. The electrolyte prod-
uct was passed through a 0.22 pwm aqueous-phase filter membrane, and the resulting filtrate
was analyzed under the optimized conditions. The results showed that urea was well separated
from the other ions in the filtrate within 15 min. The urea measurements were unaffected by
other ions present in the electrolyte. Moreover, none of the retention times of potentially inter-
fering ions overlapped with those of urea. The background noise remained low and the baseline
was smooth, even at a low detection wavelength of 190 nm. Methodological verification experi-
ments showed that urea had a good linear relationship in the mass concentration range of 0. 1-
100 mg/L (7> =0.998 8). The limits of detection and quantification were 0.028 and 0.093
mg/L, respectively. When the electrolyte product was spiked with urea at three levels, the av-
erage recoveries were in the range of 112. 0% —118. 4%. Finally, an actual electrolyte sample
was analyzed, and the results showed that urea could be detected quantitatively in this sample.
The established method requires fewer pretreatment procedures because the samples only need
to be filtered and analyzed. It also has a short analysis time and yields accurate, reliable, and
specific results. Moreover, at an ultralow detection wavelength of 190 nm, the method demon-
strated high sensitivity to urea and ensured a low background noise and baseline stability. Ow-
ing to the specific retention effect of the PGC column, the separation of urea at a high NO,~
concentration was achieved without interference. Thus, the developed method can be applied
for the detection of trace urea and other related ions in urea-containing electrolyte products.
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PEAL G MELAFEAR SE AR (A I 2R B R
R KAE @i E ) R AT Aok > |
FRIBC LT AR 4 A I R A, P, Zhang
LR B ARG I 18 o YR RS R A PR 2 R A
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U3000 = A (% AL ( S& 15 Thermo 2 #l)
BC R A A ARG T % s AL204 H, T RS- (K4 8- 46
M £ /5 7)) ; Millipore-Q A10 #i4li /K HL ( 22 [E Merck

Millipore 23 7)) ; 100~1 000 wL WA (b5t K i
Nl . BRIR (96% , E 2 4E B AR A R AR 5
WRIR (85% ZKIAW) |\ H LA AR (MSA, 99.5%) JRZE
(99.5%, =W T4 ) ToKIREREN (2l  ToK
iR SN (PLhat) A a s (hgst) 4 B L
BufpL T A AR 2 F] 5 K NO,™ \NO,™ \NH, " i —
FRUEAIR, R W 2 ¥ 0 100 mg/L, b i 50
REARBFIERE .
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1.2.1 A5 o 75 7 BN B )

PREFRUEVE T MERAIFRE 100. 5 mg JREZE 100
mL Z5 i IF A 4K 2 45, 15 3] 1000 mg/L 1Y
PREAGEI, 5 FH 5 AR ARG B0 43 ) U 2 b A 45
W, FH A S KRR B AN IR BE PR T I W

DL H i VR VS VR« MER PR 1. 011 g RS IR B
1. 060 g BRFRHN ZE 100 mL %5 5 A I 8 4l K &
58 0. 1 mol/L HLfRWK , 25 .

ALV il VPR 2R A O T R MEAR PRI 1. 011 g
FHBRAR 1. 060 g BRERANAN 100. 5 mg JRE % 100 mL
Faih It 4K E 2, A 0. 1 mol/L HLff
WEHAPATE] 0. 1 mol/L ML T 5L T 1 Rk
JEPREME SRR
1.2.2 FSATAHE T %

HL A IR A SEBRAE S T LA 0. 22 pm
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{635+ : Hypercarb ™ Z fL /1 885k F£ (100 mm x
4.6 mm, 5 wm; 3% [E Thermo A #]) ; 30 C;
WEhAH: (A) H,0 FI(B) 25 mmol/L MSA ; £ & %
WAL :0~2.0 min, 2% B; 2.0~2.1 min, 2% B~
40% B; 2. 1~8.0 min, 40% B; 8.0~8. 1 min, 40% B~
2%B; 8.1~15.0 min, 2% B; i ;1. 0 mL/min; #F
250 wL B K 0 190 nm,
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Fig. 1 Chromatograms of urea, KNO; and their

mixture on C18 column
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S LR 3 Fhees DL A R 1 I S A, FE A IR £33 2%
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Fig. 2 Chromatograms of urea standard with

three acidic mobile phases
MSA . methanesulfonic acid.
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DL BN AR P T LA S A 0 A IR ) S X AR )
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JE3E I, DTS B0 AT 5 70 A 0 ) ek B A 25 )
TIN5 81 5 A 22 [8] B9 A B, & AR e e i s
HESS B GE , h B ST S A U T R R, 7 PGC A
1, A5 mmol/L H FERE R AE A 3 sl AR , X iy e il 119
50 mg/L JREFFESEFE, B 5 T AR (0.3
~1.2 mL/min) X7 BRI RE A, 252 (3R 1) &
W, Bl T3 I, PR 2R PR R I R4, HLE S AR 78
MR 1.0 mL/min B AR08 MR B K 4 B Rk
Wl HRFE T AR (20 ~40 T ) X 4%
WA B (£ 2) BoR  AEERTHE 2 S 2R 8 At
AT AT ,30 T F A ROERE RS, i858
PR IR SEAREL DL B s Wl S R 3R B4
BiE WY 1.0 mL/min, A&~ 30 C,

£ 1 TERETREGENGEIEHE

Table 1 Chromatographic data of a urea standard
sample at different flow rates

Flow rate/ ( mL/min) tz/min Noise/mAU N
0.3 6.167 0.061 2643
0.4 4.643 0.043 2487
0.5 3.727 0.071 2678
0.6 3.109 0.048 2441
0.7 2.673 0.072 2167
0.8 2.350 0.043 2131
0.9 2.095 0.070 2140
1.0 1.890 0.063 2471
1.1 1.717 0.062 2448
1.2 1.580 0.043 2048

N : number of effective plate, plate/m.

%2 ARAHETRERENEIEHRE
Table 2 Chromatographic data of a urea standard
sample at different temperatures

Temperature/ C tg/min Noise/mAU Nege
20 1.963 0.072 2375
25 1.921 0.051 2328
30 1.888 0.070 2381
35 1.854 0.043 2192
40 1.826 0.063 2145
214 HRERMCRTHE T LR

TE S E e DL AL 5250 o, ol T4 af P B
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FEVEMARRF I 1.3 75, 76 ML BRI A5 T, X 4
J S TR A AR DL AN T IR B 44 B B IR A Aw
FEAT N HERE 3BT, 25 SRR IR 2 0k D oK 27 %)
NO, %5 H A 2% 5 25 7 1) T8 (& 3b)  IEIE A= 4R,
AT A Hr, B BT B R4 15 min, $2 5
TRECE
22 AEFEER
221 4LMHXARA RHREEER

HRE 1.3 5 prad i 2 e Tl e, AR AR
EJE, STECHIEF Y 0.1.1.0,5.0,10,25,50, 100

] 100 mAU N a
NO;
Urea Mixture of .
ions and urea
NH,'
Mi £ NQ»
_ ixture o
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T T LI T LI T T
0 2 4 6 8 10 12 14
NH, b
] 100 mAU
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NH,
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Fig. 3 Chromatograms of a mixture of ions and urea

and a mixture of ions
a. isocratic elution; b. gradient elution.

mg/L F 51 HL i IR PR 25 R o I AR R A 43 AT
AP EIZEME 3 U, 433 DAUGE T AR 5 1Y) -1
B HAA AR | PR ZR BT vk B R Ak s il b v i 2
AIAR BRI AL M [ H 7 FE 25 R R B e T AR AN
U 1 5 T VR FE X S B R A I 2R O R A G R B
> 435 0.999 7 F10.998 8, [A] i HL Mk A 0. 098
mAU, DL S/N=3 {587k m kR , 2 0. 028 mg/L,
PLS/N=10 TR 2R, 4 0. 093 mg/L.,
222 EAM

RFEELITERN G MR E R AR OGS SR T,
STHEC -1 10,50 . 100 mg/L 3 /> i & v BE 19 bR ife
VYR i 0 ) i S AR A3 A, B DS KO AT I AE 8
UK, VSR N 1 U TR AR RIS vy, 45 SR L3 3, fR B
[) K U TET AR W = A AH XF bR UE R 22 (RSD) K
0. 065% ~0. 79% , Ui B # & 1Pk K 4f
2.2.3 AR E k&

38 3o R S R H AR VRORE S A T AR RS e ¢
Tk MER L . BB FS #9 0. 1 mol/L Hy,
F R A 2R SRR LA IR 2R R A TR R RS,
N HLAR IR ERE i, A5 B T L PRV BB 9 IR v
1 3 AR RFIIRE & SPATIE 6 W AR PEZE SRt
B A RSD {H, BAR WL R 4, FrdS s [alfic =
H112.0% ~ 118. 4%, RSD A 3. 1% ~ 4. 6% , % W%
D7 R ER B R AT, R e SR B ARG DN R K

#3 INKETREREBREEARRIESH RSD(n=8)

Table 3 RSDs of retention time, peak area and peak

height of urea at three levels (n=8) %
Mass concentration/ Retention Peak Peak
(mg/L) time area height
10 0.17 0.27 0.79
50 0.081 0.065 0.64
100 0.072 0.084 0.67

%4 BEERPRENINARERZEF RSD(n=6)
Table 4 Spiked recoveries and RSDs of urea in electrolytic
solution (n=6)

Background/ Added/ Detected/  Recovery/ RSD/
(mg/L) (mg/L)  (mg/L) % %
0.126 0.080 0.221 118.2 4.6
0.10 0.238 112.0 3.1
0.12 0.268 118.4 4.6

2.3 LEREFSEN

FHZ A HHAR Z  XFHE 0. 1 mol/L Al FR A1 Ak
R B LR R A TR b2 B R R AR 200 4 4>
SEBRRE SR IEATAEI , A 1.9 min Ak ) JR 28 06 1 AL
HEAT R TR AR I — SRR A R R R Y
4 0. 126 mg/L, H HIE A3 %] L SEBRAR S nbr a5 1)
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Prxt HoAE PGC A b R B 3 15 T 5], 30 26 4 i i
TR X B 11 PR W v 40 3 el e T AR
TR TR R S 50518 0,096 3.,0. 148
0.152 mg/L, VLHHE 1% 7 v B T 55 B 5 ik
FEIRZ B = PR I T AT

2.5 T o
] 5 NO;  and other ions
1. 35 a
204 2 o4
] é (_) Urea
1 7 -5
15d -l
] 14 16 1.8 2.0 2.2
)
<

E t/ min
107 NO;”
0.5
0
—
2 4

0 6 8 10 12 14
t/ min
251 10
1. 53 b
1% o
201 E Urea
1
] -10) T T T T T
1.57_ 14 1.6 1.8 2.0 2.2
2 ] t/ min
1.0—:
054
0]
T T T T T T TR S T T S T S
0 2 4 6 8 10 12 14
t/ min

E 4 (a)BEBREZRERRE (D) MicEREIEE
Fig. 4 Chromatograms of (a) an actual electro-synthetic
urea sample and (b) the spiked sample
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