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Study on refractive index method for determination
of urea concentration
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Abstract: [Objective] The purpose of the study is to establish a simple, rapid, accurate and reliable
method to determine urea concentration. [Method) Referred to operating principle of refractive index, the
contrast and correlation analysis as well as verification method were applied to evaluate the accuracy and
reliability of refractive index method (RIM) to determine urea concentration in solution under the condition
of 25 C by taking paradimethylaminobenzal dehydedmaba (PDARB) colorimetric and H, SO, digestive color-
imetric method as standard. [Result] There was a significantly and positive correlation between refractive
index value (RIV) and urea concentration in the solution, and the linear correlation coefficient was more
than 0. 999 9. Urea content tested by use of the RIM,1i. e. the urea concentration measured by RIV regres-
sion equations (standard curve) of urea standard solution, was significantly linearly positive correlated to
the urea concentration measured by PDAB colorimetric method and H, SO, digestive colorimetric one re-
spectively (r value being more than 0. 999 9,SE less than 0. 219 3 and 0. 248 7 separately). There was no
statistic difference between measurement results by RIM and the two standard methods respectively (¢ val-

ue less than 1. 748 6 and 1. 323 1). The average recovery rate of urea was between 96. 68% and 101. 18%,
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and the test range was from 0.5 g/kg to 600 g/kg by use of refractive index method, much greater than PD-

AB colorimetric and H, SO, digestive colorimetric method. [Conclusion) The refractive index is able to be

used to measure the concentration of urea in solution directly and the method possesses advantages,such as

fast analysis, high efficiency,without any chemical reagent consumption and pollution-free. Therefore, RIM

is suitable for urea enterprises,coated urea enterprises,slow or controlled release urea enterprises,institute

and universities to measure the urea concentration in batch.

Key words: urea;urea-nitrogen;refractive index;standard regression curve;recovery rate;refractive in-

dex method
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Fig. 1 Relationship between urea concentration and

refractive index of urea solution
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Table 1

Verification of high concentration of urea solution refractive index measure value and theoretical value

PREGH/ (g kg™

RE &/ (g kg™

Urea concentration [l i %/ % # X¢*H’?é/% Urea concentration [l i %/ % A Xﬁmz‘"‘/%
- —— Relative - —— Relative
B fH B2 Recovery difference S W5 fi Recovery difference
Theoretical value Measured value Theoretical value Measured value
5.25 5.1840.00 98.70 1. 30 33.19 32.9040. 00 99.13 0. 87
7.52 7.4340.01 98. 74 1.27 36. 54 36.3340.01 99. 43 0.57
11.17 11.00+0. 00 98. 22 1.79 39. 14 38.8740.00 99. 33 0.67
14.57 14.37=£0. 00 98.63 1. 38 41.53 41.1840. 00 99. 16 0. 84
16. 43 16.33+0. 00 99. 39 0. 61 43. 81 43.4240.00 99.12 0. 88
18.75 18.64+0.01 99. 41 0.59 100. 52 100. 5540. 02 100. 41 0.41
21. 60 20. 88+0. 00 96. 68 3.37 200. 05 201.06+0. 02 100. 49 0.49
24.23 23.9440.01 98.79 1.21 300. 256 303.8140.02 101. 18 1.18
26.17 25.904+0. 00 98. 96 1. 04 400. 25 402.86+0.02 100. 65 0.65
29.16 28.8840.00 99. 05 0. 95 500. 02 499.0840. 02 99. 81 0.19
31. 18 30.944+0. 00 99. 25 0.76 600. 04 596.90+0. 02 99. 47 0.53

VE Ry 3 K T T 1
Note: Numbers in the table are averages of three replications.
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Table 2 Comparison of urea concentration measured by use of PDAB colorimeter, H, SO, digestion

colorimeter and refractive index method g/kg
. . H> SO, 1§ b TR IR .. H2SO, 78 ¥ TG R
W PDAB Ler S0 MEEEE  FOCRE S WELEE  JOCR
. - H, SO, digestion Refractive . N H, SO, digestion Refractive
Sample PDARB colorimeter . . Sample PDARB colorimeter . .
colorimeter index method colorimeter index method
1 0.00-+0. 00 0.0040. 00 0.00+0. 00 7 7.5240.03 7.2840.06 7.4740.02
2 1.07+0.01 1.1640.02 0.94+0.02 8 10.45+0. 06 9.9540. 09 10. 0440. 00
3 2.10+0.01 2.194+0.02 1.904+0. 04 9 19.83+0.09 19.35+0. 28 20.1+0.02
4 3.0240.02 3.0540.05 2.9340.02 10 31.1140. 16 28.46+0.28 30.140.02
5 3.9140.03 4.1240.02 3.91+0.02 11 52.134+0. 33 47.684+0. 45 49, 7840. 00
6 5.1740.01 5.234=+0.03 4.9240.00

TE 7 220 BT R FHBERS ¢ G 36 s Kdis D 3 Wl 52 AP 31 .

Note:Pair ¢ test is used for variance analysis;numbers in the table are averages of three replications.
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Table 3

Verification of low concentration of urea solution refractive index measure value and theoretical value

RFE G/ (g« kg™

RE G/ (g kg™

Urea concentration [l %=/ % *ﬁﬁ)‘{ﬁé/% Urea concentration CIVE 2% *ﬁﬁj{ﬁ%/%
TrNT i Recovery e it W ff Recovery i e
Theoretical value Measured value Theoretical value Measured value
0. 00 0.00+0. 00 — 0. 00 0. 20 0.214+0.00 105. 00 4. 88
0. 04 0.02+0.02 56.91 54.92 0.51 0.49+0.00 99. 65 3.41
0.08 0.05+0.02 60. 61 49,06 1. 06 1.0540. 00 99. 15 0. 85
0.11 0.14-+0.00 123. 89 21. 34 2.20 2.17+0.00 98. 77 1. 24

T 3 RE Z WP {H.

Note: Numbers in the table are averages of three replications.
N \/\
3 W ®

PRZ T B Tolk ™ &, 5] B 2 32 22 i Rl
PR Z — . JCE R AE Tl v o FE v L iR AR
flb Ay BRI E SR B S . ETRE
AN E Y FE K e RS A N T
T AR IE 2 BT 6 R AR T A B J HAE AR G
AU % I RO SR RS B R 0,000 01 B A AR AT-
AGO A Al RX-5000a B 3756 R AL 422 0 22 JR &
W R HT R 8 AR A WP IR R R S TR
(B PGk BNE 5 72 B R R & it gy 1l
ERE SRR, 4R RW L, Proe Rk e
455 PDAB Mok H, SO, i1k He (532 1 1 45 51
PR R IE ARG, EGITFE L L2 R 10
Wy 96, 68% ~101. 18% ., PNty 7 6 vk mT LU
B AL PDAB b a3 A1 H, SO, T4k a3k A A i

IR S BT IT k.

JSE FA 3T R ik I PR R S R A T LR LA
()R, 35— o A — VR P R O 9 DR 3R
D 7E S5 R ERG . 2 IR R & B S I Pt RIL e
P ff e 0 R 9 R0 G DR R ol S DR R e
L2 2 YR B 0 A ISR R 22 . (R T
R 7 AR et PR FR VR WA [ SR A o A X A 22
R DR AR AR 5 A 9 P 3T e R A A B i 45 21
AN A BRR ERMER . R PR R Tl AR A
e PR E R A PR 2R e AR AR e B LT e R
EEMTRE T AR . 56 = IR 5 2%
B AL 1 S A AT BL . DR I A TS T PR
A JIr FH 2l B 2R ] = 9% LA L 4ok s [ i 7
fifzs O IR IR RLZS B3O & SRR TR A . S =
PR ZR TR0 LA % PR 38 v W) 2 P B e 1 A AR
H oS E . MRAEA LIS R ] . pH 7 LIF IR



1z

FBRHAT » 45 705 PR &R & B kT oY 97

RWW PR R BAE 25 C a4k NH, st —
AL NO; ABEEALRAE 1 d ] 20 A 3t
RZE BRI R BA

ABIE S ST AT O A5 B AR I R
JEE e N RE v DN R AR ROR e TR R 5 AT A
R AR X R T o653k 5 0 AR 55 A %k
SE 1 FEAN T AT AT AL 27 24 7519 29 AR 1 [a] 1 8 s
B 7 A 5 0 AT RE & LR BRI TS . M T BRI
S TG AR B AL A O PR E Al Je 2%/ 1R PR 3R Al
R 3R R T A8 A 2 O 47 7 ) ARG I D7 9 L R AR Sy
o BHITER T IR R R Rk .

14 ik

D) 7EfE BRI (25 O F Wb IR EN & &2 E
HA R A LR A G

2) MFEWPIREE RN 0.5~600 g/kg i, Hr
G FR P G 45 R 5 44 48 PDAB a3 . H, SO, 1k
L 0 75 0 7 45 SR 38 S A 0 3 T A OG, LA R S it
X5,

3) 76 Rk I 4 R L R & R
F e 25 /N I E TR ELBR AR R B, JE W AR A
F 0] LIS AL 58 PDAB a3 F1 H, SO, 11k H
EHTIER PR IRE & #3855 IRER R R
PREZE B AR PR 22 A M A SRy A= = 2ok A b g S 4% S
W7

[ 5% 30k ]

(1] #hszE. ENAMRZE A R AR BB Lk [T] KA. 2009,
32(1):1-9.

Sun B C. Overview of advances of urea technology and produc-
tion at home and abroad [ J]. Large Scale Nitrogenous Fertilizer
Industry,2009,32(1) :1-9. (in Chinese)

[2] Francis P S,Lewis S W, Lim K F. Analytical methodology for
the determination of urea: current practice and future trends
[J]. TrAC Trends in Analytical Chemistry, 2002,21(5) :389-
400.

[3] ZEFH. LW WU/ S5 A0 53 ot BE v W 5 #2 R SR R A

By HOE R )] 63 % 506 4, 2006, 26 (6): 1151-
1154.
Zuo X J,Wang Z X, Dai X M, et al. Rate of controlled-release
urea pervasion through membrane determined by ultraviolet
spectrophotometry [ J]. Spectroscopy and Spectral Analysis,
2006,26(6):1151-1154. (in Chinese)

(4] XUZERIBDE K . FhEH ik - 45 PDAB [ o 2 B 4 000 2 Y A0 o
WAHIRFE [T MR Tl K24 . 2008, 40(8) - 1214-1217.
Liu Z G,Zhao Q L,Sun L X, et al. Determination of medium

concentration urea in solution by p-dimethylam inobenzalde-

[5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

hyde colorimetry [J]. Journal of Harbin Institute of Technolo-
2y,2008,40(8):1214-1217. (in Chinese)
& BB LK B T A R R L €k U % T IR
Wb R R [T, AL THOR 54,2005, 34(3) :42-43,53.
Li M,Zheng C L,Zhang Y. Recovery process of p-Chlorobenze-
nesulfonic acid from waste acid of dicofol production [ J].
Technology&.Development of Chemical Industry,2005,34(3) :
42-43,53. (in Chinese)
B, LR AL BT ik LML db s Bl A
2000:355-356.
Lu R K. Analytical methods of soil and agricultural chemistry
[M]. Beijing: Science Press,2000;355-356. (in Chinese)
FRSEA LV R T S AAS RIS 40 B A s £ 3
A 4B B0 (1] VIR AR K2 2 4. A %R
20, 2006,34(10) :128-132.
Zhang Y L.Xu A M, Shang H B, et al. Determination study of
total nitrogen in soil and plant by continuous flow analytical
system [ J]. Journal of Northwest A&F University: Nat Sci
Ed,2006,34(10) :128-132. (in Chinese)
EoWL ke REMMIOLRSREE [T BB R T R%
242 .2000,19(3) :273-275.
Wang B,Ni Y Q. Refractive index and polymorization degree of
the polyglycerols [J]. Journal of Wuxi University of Light In-
dustry,2000,19(3) :273-275. (in Chinese)
FA 00 W TLE L 9 T 3OK 4 R s s [T, R ol Kk
SE2240 1995,24(4) ; 461-465.
Chen W Y,Ye W S. Rapid testing of the water content in royal
jelly [J]. Joural of Fujian Agriculture University,1995,24(4) .
461-465. (in Chinese)
X OF. BORR RYTOLR-A R TAEMM &R E [T]. =%
4 ,2000(2) :70-72.
Ge F. Refractive index of liquid-liquid system-composed cali-
bration curve’s drawing [ J]. Journals of Sanming Teachers
College,2000(2) :70-72. (in Chinese)
M, LT R 2RI IEC IR TS . T
PR EEMME LT & BRI Tk, 1985,8(4) : 246-250.
Tong K J,Shi Z J,Chen Z R. Properties of EPDM solution in
Hexane, [ Determination of refractive index and density [J].
Synthetic Rubber Industry,1985,8(4) :246-250. (in Chinese)
JEVB A BEAR I, BT AT Ol %k T A DY VR I R T 4R
00 v 3t A 5 2007, 33(1) £ 15-17.
Zhou X T,Fan S S,Liang D Q. Determination of composition
of THF solutions by using refractive index [ J]. China Meas-
urement Technology,2007,33(1):15-17. (in Chinese)
Frak k. DLHT o Rk il e 1 @ e s i L)) iR s s A,
2001,13(6) :296.
Chen Z B. Determination the cotent of mannitol by using re-
fractive index [ J ]. Modern Practical Medicine, 2001, 13(6) ;
296.
Basker D. Relationship between refractive index and specific
gravity of aqueous glycerol solutions [J]. The Analyst, 1978,
103(1223) :185. (in Chinese)



98 PO AL A BRFBL B K2 24 4 (A SRR 2 % 38 &

[15] % £ W74 P PGSRk A e SR 00 E 1 %K L] KRR T K224 4, 1989, 20(3) £ 94-98.

A [T, PR BT WA R 5 B R ,2006,18(2) : 29-31. Sun Z Z,Wang S Y,Sun H W. Determination of phenol con-
Zhu M,Hu Y Q. Yang P. Determination of ammonia chloride tent in coal-tar by refractive index method []]. Journal of
in rare-earth wastewater by conductometric and refractometric Taiyuan University of Technology, 1989, 20 (3):94-98. (in
[J]. Environmental Monitoring Management and Technology . Chinese)

2006,18(2) :29-31. (in Chinese) (197 5k #4458 BT DR-A5 % B2 A4 6 R A LE KT 4h

[16] wmoifeid. & 7. 0 K BF, 45, Sk 00 mk bk k3% WA T Ol R N A R AT b pg R LT ). ALER AR 5 43 B ki, 2007
()], BT B 25,1995,8(3) : 154-155 (4):39-40.

Gao H T,Ge X ,Fan Y X, et al. Determination refractive in- Zhang L., He S Q, Yang L. Application of DR-45 combined
dex of Cefazolin solution [ J]. Heilongjiang Medical Journal, meter in the fine chemical lines [J]. Instrument and Analysis
1995,8(3) :154-155. (in Chinese) Determination,2007(4) ;:39-40. (in Chinese)

[17] W F 2t Proe B BOEIE 100 g/L (1020 KA & (200 4% 4, LSRR, BR/ANIG L 45 37 e vk P s 4 9 7l 32 %
TV W0 ik (0], PRG54, 2005,24(12) :1167-1168. Iy (1] A2 1 #2008 (11) :660-661,656.

Tian F,Li C M. Refractive index factor method determination Xu X,Wang L L,Chen X P, et al. Refractometric determina-
100 g/L (10%) chloral hydrate content [J]. Herald of Medi- tion of the content of turpentine [J]. Chemistry World, 2008
cine,2005,24(12):1167-1168. (in Chinese) (11):660-661,656. (in Chinese)

(18] FhELZ . T th S, PhIE A 47 0 38 1 D) a5 £ 0 b i 25 4 &

(L% 92 1)

[17] RAE#e.mPERE. K . ASRE KRBT B IEFUKAE A8 + [24] Rogers H H,Runion G B,Krupa S V. Plant responses to at-
XS K RIS R A s [T, AR AR, 2003,23(11) :2353- mospheric CO, enrichment with emphasis on roots and the
2358. rhizosphere [J]. Environment Pollution,1994,83:155-189.
Wu W X,Ye Q F,Min H. Enzyme activities variation in floo- [25] Van G ] H,Gorissen A,van V ] A. Carbon and nitrogen allo-
ded soils amended with Bt transgenic rice straws at different cation in Lolium perenne in response to elevated atmospheric
stages of plant development [J]. Acta Ecologica Sinica,2003, CO, with emphasis on soil carbon dynamics []J]. Plant and
23(11):2353-2358. (in Chinese) Soil,1997,187.:299-308.

[18] Frankenberger W T, Dick W A. Relationships between en- [26] ZRfRAVEGE L IKE . KA CO, #e B B T a S AEY 4
zyme activities and microbial growth and activity indices in PEAZS S [T, N A 23R, 2002,13(3) :1169-1173.
soil [J]. Soil Science Social America Journal, 1983, 47 945- Li F S,Kang S Z,Zhang F C. Response of plant physiology to
951. elevated atmospheric CO, [J]. Chin J Appl Ecol, 2002, 13

[19] Poorter H. Interspecific variation in the growth response of (3):1169-1173. (in Chinese)
plants to an elevated ambient CO, concentration [J]. Plant E- [27] ®hEA, B E M, T B HG. 55, L0 40 X CO, W B THE my 4
cology,1993,104/105.77-97. BN [T, AR, 2001,12(1) :27-30.

[20] Bentson G M, Bazzaz F A. Elevated CO; and the magnitude Han S J, Zhou Y M, Wang C R, et al. Ecophyslologlcal re-
and seasonal dynamics of root production and loss in Betula sponse of Pinus koraiensis seedlings to elevated CO, []J].
papyrifera [J]. Plant and Soil.1997,190:211-216. Chin J Appl Ecol,2001.12(1) :27-30. (in Chinese)

[21] Norby R J. Issues and perspectives for investigating root re- (28] JAEM, wEA& sgﬁif@-ﬂf“ COy ¥ BE T X A =g A
sponses to elevated atmospheric carbon dioxide [J]. Plant and 20 B R KA S A s [T N A A 2R, 2002,
Soil,1994,165:9-20. 13(6):663-666.

[22] Darrah P R. Rhizodeposition under ambient and elevated CO, Zhou Y M,Han S J,Zhang J H,et al. Photosynthetic charac-
levels [J]. Plant and Soil,1996,187:265-275. teristics of three tree species seedlings in Changbai Mountain

[23] Pregitzer K S,Zak D R, Curtis P S, et al. Atmospheric CO,, under diffeent CO, concentrations [ J]. Chin J Appl Ecol,

soil nitrogen,and turnover of fine roots [ J]. New Phytologist.

1995,129:579-585.

2002,13(1):663-666. (in Chinese)



