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JRRRAE . AN H W O YR R AT kA RN
s BB A EE W NI IR S FEE, AP bR R
FORE SRS B BRI T R R O % T R i
e

A RAFRL 6 8 S I B4 0 L TRD e S0 AR U o
FEREER . BRI R R T A 0 AR R — A E Y
fRTT % . TEAKIBIR R T, KEBEBRMER, BAERN
FRIGTTREME . HATE B R Z B R X 2RI, 7
W K I MR 5 AR R K I MR B A 22 R K, B T R
BRI e BE AR A BT L 2 A3, BACKH s RBE ca #9224k T A8
AREEIOT 2245 P B T . TP K M BE I AR Ak
BRI AN REBE 2 W, 5] A KM BE MAS IE . EAh, ¥ R Mk
RS R 5 5 5 7K 22 D) A AR B A RS 5 o mT RE B IR K
PLRES ., BEH W, /KFE 2 700~3 900 em ™" i {4
P W TR = R AR W] AR AL

AS TR 5T A HRIE 43 RS2 6 56 G R O T 4R 3 AE R R
TR SR R 2 6 1% LK g P BR RV IR E AT A 43 1T B A A
) JBE ., RS v R v SR A Ak X I R K A MR BE RS R, e
0.1~6.8 mol « L' ) NaNO, AW . 0. 1~1.7 mol « L'}
Na, SO, %W+ 0.1~8.9 mol » L'y NaClO, ¥ W 2 #F 58 %
S, @A T LLERI K kR X NO; , SOF Al ClO, ik B i
AT A HT vk . JRAES R — I TR R B Al b, 3hie T 7
Pl B 8 b L A7 1 2R v G el 0 B T 48 B8 % R 4 T S F 43
Mr &k SEB52
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au 48
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1.1 UE5EKH

NaNO; (AR, =>99.0%) ., Na,SO, (AR, =>99.0%), [H
Zi4EH; NaClO, (=99%) , B Tk A .

Horibai HR550 e fbfi & Sk, FLE T 50 X Al 100
XY BE R W AR U AL i, CCD A3 5, SOt K R
532 nm, I KIIFE 100 mW, MG /N A 1800 /mm, Ul
SR A B R A A SR AT
1.2 Ak

NaNO; » Na, SO, Fl NaClO, T /E ik il . 43 5
FRiE— & i 19 NaNO, , Na, SO, F1 NaClO, #1287 /KiE
G RGN R VW Y B R, 3 0135 NaNO;,, Na, SO, , Na-
ClO, FK )W . ¥ L. EJrkEid 0. 1~6.8 mol « L'
NaNO; %W, 0. 1~1.7 mol » L '/ Na, SO, Wi, 0. 1~8.9
mol « L™'# NaClO, B, R 5 7E 200~4 000 cm™ '8 [ N
FAERL S 1 . NaNO, Fl Na, SO, i 2 6 1% % 4 i ]y 10
ss NaClO, fiL 2615 R LM Ry 6 . RAETEIFR RN 3
W, Bt BT 100% .,

XU 80— VA RS T« i BB — OO YR R O vk T ok

AAE NaClO, e B IF H A — & W BB 7 NaNO;,
Na, SO, W A& A AR NaNO; ¥ B 19 F A — 7 W B 56 A2
19 Na, SO, W » SRS TE 200~4 000 em ' i [ AR AR L Ok
B, B GG RAENT 10 s, RETHIHRRECH 3 K. BOE
% 100% ,

2 #ZR5HE

2.1 NaNO;, Na,SO, #1 NaClO, T{ERZ& 4§l

Kl 1Ca), (o) FlCe) 43 3| Fy AN Rl e BE NaNO; , Na, SO, Fil
NaClO, ¥R BIHL 2 6REE . NO; » SOF 1 ClO, X i
FEPR BN A FAE 1047, 981 #1934 cm "&b 0, 24 B PLSE
PER IR B, X A EE N A B F a0
W, DI LR R AP S50 A, 43 9lie N AN(); s Asm%’
Fl Acio; o BL 2 700~3 900 cm ' 3 [ A /4 04 17 FRAE S H, O
(R 2 W 38 JE . 304 Ao AN NaNO; . Na, SO, Fil NaClO,
L G E LA 1 (a), (o)s (O] a LLE B, W&
NaNOs , Na, SO, FI NaClO, P EE S K, KRk 4
AL KWK F Z B B 25 kg A kAR AR A . (2 T
— AN B S B A W BE 1Y A8 ARV SN AR Y L S U R BN R
A AR E R R L AR AL . TE K 2 A H R AR AR A A
BLF S K2 B REBCE W R WA R 2 — 2R
IKAE S BRI b % R R o Avoy » Asor s Aco; Bi—
ieh Ay BRI 2 Ai.'z/AHZ()X‘T C‘z.t/CHzoﬁzlzlo wmE 1
(b), (DFD IR, JLANER T BT 5K S #E M2 R
WA RR, MAEMEIM R 43510 0.999 1, 0.999 1 A
0.999 4, & 1 KB, 75530 0V B0 B A K ARz 2 Ui 4R
BT BLKHNIR, S HIXHEN 0.1 ~6.8
mol « L™ ') NaNO; &% . 0. 1~1.7 mol « L' fj Na, SO, ¥
W . 0.1~8.9 mol » L™'ff§ NaClO, ¥ W P i NO; , SO #n
ClO, #47 & /43 M v 47/ .

XTSRRI, BEE BRI BT o RUBG R, KUK EE
cn, o WTEAR B /1N . A B 58 7R 7E Na, CO;-H, O & & b 24
Cnayco, 2.5 mol « L7 T Z ] B 42X (3) B R 1Y 12 A
KR,

cuy0 = c‘UHZ() —acy (3)

W, a N chyo 9 % TR HERRUER R 2K 5k
B AT A

A SZB h NaNO, Ml NaClO, # 8 K & 2 9 Jy 6. 8 Hl
8.9 mol - L1, RIR7ET ik E N O, 45465
(DHMEF AR e §5 Rs FFEMAK D KR

('[1)4_)<)Rs/k
/?"\A = C(ﬂlzo/k’ B = a/k! )”\'J:Et(ﬁl) EIU\I&ETﬂZ%J [ —
AR
1+ BRs*

T NaNO;, Na, SO, F1 NaClO, ¥ M 0.1 mol « L™ %
PERATEE N, L Rs B Ay /An, o IREARFR . DL ey AP AFR
fER, & 1(b), (D FCH PR, NaNO; . Na, SO, # Na-
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NaClO, %8 K We BE R AL IE . 28 11 38 A 52 56 o A 2% X
NaNO;, Na,SO, 1 NaClO, ) # H B 4> % & 0.008 0,
0. 005 21 0. 007 3 mol » L7102

ClO, AyE R TAEM &R 1 i, R* 43510 0.999 1,
0.998 8 F10.999 8, &5 KM, 3 (3) 2R M L Ty 355 o w] Jj
FAF M 0.1 mol « L™ " R34 #1385 Bl P9 A9 NaNO, , Na, SO,
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Fig. 1

exaNo, =0. 1~6. 8 mol L, Nays0, =0. 1~1.7 mol + L, eNaclo, =0. 1~8.°9 mol Lt

concentrations and working curves with water as internal standard

oNaNo, =0.1~6. 8 mol « L™

1

s CNayso, =0. 1~1.7 mol « L™

'y exacio, =0- 1~8.9 mol « L

Raman spectra of NaNO; (a, b), Na,SO, (¢, d), NaClO, (e, f) solutions with different
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CH,0 = C(I)—{Z() T apaCph T agpcp (5)
A ARHTA G By TS, MR R (21586
FIz (D

Ry = 20—y (6)
AHZ() CH,0
A CA
Ry, = A, = ky o (7)
Bear (5 . K6 R () A IR G
('?12<)R51 23
@ |+ @Rs | ank: Ry &
k ki R
% 1 NaNO,, Na,SO,, NaClO, EE2 4 TIE %
Table 1 Working curves curve of NaNO; .,
Na, SO, . NaClO,

};ﬁ A B TR [
NaNOs 18.8 0.6 ¢=18.8Rs/(1+0.6Rs) 0.999 1
Na, SO, 20. 2 1.0 ¢=20.2Rs/(1+1.0Rs) 0.998 8
NaClO, 15.0 0.7 ¢=15.0Rs/(1+0.7Rs)  0.999 8

e A:L’le()/kv B=a/k, ('?lz(lﬁigﬁ%'ﬁ:??ﬁﬂ( HIWIE, & Fla Rl
ENCAE W EIL LNE 2
Note: (‘Y.lz o is the concentration of pure water under experimental condi-

tions, % and a are the parameters in Formula (2) and Formula (3)

X () F (8D Al DL & B BBy 2 e i 5 4 B B AY

*®2

sky R L A
%Iﬁﬂé1$fmv HH ) an, by A1k, B8 H B Rs Al Rs,
1 IXs2

FT DL PL 2 e 1% B R B AR 2, AT e (6. HIFMH R
(A R PE . X F WU B IR A 7 40 31 3 8 28 () Fn =k
(&) T4 M 2R e el A 1 1) A0 28 3o A I 10 1 28 G 3 ) ok )
S5 T RNTEC M v A AT AR, TR 2
2.2.1 NaClO,-NaNO, 4% ik

# 2 13 3 H NaClO,-NaNO; 18 4 % W 7 NaNO, #
NaClO, W43t R 25 o MR MO BN, B FHEKR T

TY— S m TR T B, UL (('(1)1.}()_%5('15)[{51//31
1 — € o == 1 s oA — =

axRs
1
('?19(1R51/k1 ros y .
uai\Rq’ WA OMITEESmR. K@ BHFIIAMN
14 =A==
ki

KIEWALF o EHRFE, FiN O MitHEHES M FRX
(DO MFHRAE . 3 2 f3 3 a8 19T 5 18 i 22 10 246 ) {8 3
i /N F 2D BB e 25 1 a3, R (O R IE S A
B, 25 4 th NaNO, ¥EKTF 4.2 mol - L', RIEZ ()
N 0.4 mol « L™ LR NaClO, {1 43 7 4 22 15 48 o A
X B NaNO; il NaClO, ¥ BF 2% 33 K 5| A2 i F7 2 3
B 25 50t K P8 NaClO, $L 8 58 7 R v iy, IR ok g it
% 0.5 mol « L™ R _E i NaClO, #4737 .

AR E NaClO, T NaNO; &R =

Table 2 Deviation of NaNO; analysis results under different concentrations of NaClO,

CNaNO, /(mol « L™1)

CNaClo,

1.6 3.0 4.2 5.3 6.3
/(mol « L1 4) (8 4 (8) (4) (8) ) (8) ) (8)
0.17 1.4 0.5 2.6 1.8 2.7 1.9 3.1 2.3 1.9 1.1
0.35 7.1 5.1 8.1 6.2 6.5 1.6 5.0 3.2 2.9 1.3
0.52 9.8 6.6 7.8 4.7 6.7 3.8 4.3 1.7 3.8 1.4
0. 70 8.2 1.2 6.2 2.4 5.0 1.5 3.2 —0.2 5.7 2.5

e (DR AR O M) s MER: %

Note: (4) and (8) represent Formula (4) and Formula (8) respectively; Unit of deviation: %

%3 FEKRE NaNO; T NaClO, H & RBE

Table 3 Deviation of NaClO, analysis results under different concentrations of NaNQO;

exacio, /(mol « L™1)

[\:\\l(),,‘
: 0.17 0.35 0.52 0.70
/(mol « L™ 1)
4) (8) 4 (8) 4) (8) 4) (8)
1.6 3.0 —1.8 3.7 —1.4 3.4 —1.6 3.7 —1.4
3.0 7.7 —1.8 9.7 —0.6 8.5 —1.5 8.4 —1.8
4.2 31.3 14.3 27.2 10. 4 19.2 3.6 19.9 4.0
5.3 41.7 17. 4 36. 4 13. 4 23.6 3.0 27.2 5.7
2.2.2 NaClO,-Nay SO, 4 i I A Nt e A e

F 4 MFE 5 H NaClO,-Na, SO, B4 %W T Na, SO,
NaClO, #4347 45 Rfm 22 . o1 L& B (8) 4018 I 22 19 48 %
1H 8 3 KT 20 () 13008 O 225 09 46 %0 (6, BRI GF B i i 45 43
BT O 22 38 K o AR 2Z 17 1 43 b s 28 (4D /Y T B R 3% L S B
R K, E7ER 4 FIR 5 R 28 (O TH5 ok 22 2

IETU M . IE 2(b) AT LUA 2 i 7 SO Al ClOr i &
Wi AR AT . O S A U I, M TR R A0 LA S B
P 7 AR 2 e TR AR /0 o AT XK — YR 5 R AR P TR B S T
1A 52 R R AT A RO R IE 38 i 2 — 2 A R Y
Jiik.
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Table 4 Deviation of Na, SO, analysis results under different concentrations of NaClO,
) Nayso, /(mol « L™1)
CNaClO,
0.4 0.7 1.0 1.3 1.5
/Cmol + L™ 4 (8 4) (8 4) (8 4) (8 4 8
0. 20 —2.2 —3.2 —0.6 —1.5 —2.4 —3.3 —2.2 —3.1 —3.8 —4.1
0. 39 —0.9 —2.8 —3.2 —5.0 —2.6 —4.4 —1.9 —3.7 4.7 2.9
0.58 —3.6 —6.3 —2.7 —5.4 —0.8 —3.6 —0.2 —2.9 —2.8 —5.4
0.76 —4.2 —7.7 —3.1 —6.6 —2.4 —6.0 —1.9 —5.95 —1.4 —4.9
%‘% 5 Z-\-HIZQ}# Na, SO, T NaClO, ﬁ*ﬁ %ﬁ%
Table 5 Deviation of NaClO, analysis results under different concentrations of Na, SO,
. CNaClO, /(mol » L™1)
(‘\’”25()1
0. 20 0.39 0.58 0.76
/(mol « L1 ) (8) ) (8) ) (8) ) (8)
0.4 —4.2 —6.1 0.4 —1.6 —2.1 —4.0 —0.4 —2.2
0.7 —0.8 —4.2 —1.2 —4.4 —1.2 —4.4 0.4 —2.9
1.0 —1.9 —6.4 0.5 —4.1 0.3 —3.9 1.0 —3.6
1.3 —2.3 —8.0 0.1 —5.8 0.7 —5.3 1.6 —4.4
1.5 —2.3 —9.0 —6.2 —13.2 —0.7 —7.5 1.9 —5.3
R 6 A[EKE NaNO; T Na,SO, H & RIRE
Table 6 Deviation of Na, SO, analysis results under different concentrations of NaNO;
i Nay S0, /(mol « L™ 1)
(\Iu\l():‘
0.4 0.7 1.0 1.3 1.6
/(mol + L1 ) (® (4) (8 (4) (8 4) (8 (4) (®
0. 20 —1.8 —2.4 —1.7 —2.2 —0.9 —1.5 —0.7 —1.4 —4.0 —4.6
0. 49 0.2 —1.2 1.3 —2.7 —0.1 —1.5 —1.5 —2.9 —1.8 —3.2
0.78 —2.7 —4.9 4.4 1.9 —1.8 —4.1 —2.2 —4.5 —0.7 —3.0
1.03 —4.1 —6.8 —1.9 —4.8 0.1 —2.9 0.2 —2.9 —1.6 —4.6
£7 AEKE Na,SO; T NaNO; T ERRE
Table 7 Deviation of NaNO; analysis results under different concentrations of Na,SO,
- exacio, /(mol « L™1)
(\IHL’S()X
0. 20 0. 49 0.78 1.03
/¢mol + L5 0 (8 0 (8 ) (8 @ (8
0.4 19.5 17.1 14.0 11.6 3.0 1.1 4.7 2.7
0.7 20. 3 16. 2 9.3 5.7 7.0 3.4 3.9 0.5
1.0 25.7 19.7 13. 4 8.1 2.2 —2.2 7.7 2.6
1.3 39.3 30.7 17.9 10.9 6.3 0.3 11.0 4.3
1.6 44.4 33.9 20. 8 11.9 11.0 3.2 12.1 3.9
2.2.3 NaNO;-Na, SO, B4 % & NO; ., SO #i1 ClO; #frE ‘o k. 76 0.1 mol -«

%6 f 3 7 K NaNO,;-Na, SO, 184 %+ NaNO, Fl
Na: SO, (4587 25 B 22 . 7T LA & B Na, SO, 19 Rs {E 4K 1H 1
/o {8 NaNO; 94081 45 A 2 1% 3L #l NaClO, -NaNO; % )
S A B B AR — B, H 24 NaNO; ¥ K F 0.8 mol »
LBt 43 b7 45 SR A hif

34 ®
A K & R AR R IE . ST T LK AR
K H P2 ot 3% XF NaNO;, Na, SO, # NaClO, & & H 1Y

LS A i 58 W BEJE B N . X5 28— NaNO; , Na, SO, Fl
NaClO, $£ #5 % Hh B & 7 0 & 89 AR 220 51 8 cxavo, =
18. 8Rs/(1+0. 6Rs) (R*=0.999 1), cx,y50, = 20. 2Rs/(1+
1. ORs) (R*=0. 998 8), cx,ei0, = 15. 0Rs/(1+0. 7Rs) (R* =
0.999 8), #i H FR4M53H 0. 008 0, 0.005 2 F1 0. 007 3 mol »

o VAR TR B A G el B B B T L g A AR T T
%%*ﬁﬂ’ﬁﬂh%@ﬂhhn/\ﬁmlﬁéﬁmBﬁt?ﬁ‘{mﬂlﬁﬂm%xd‘%ﬁ
AT B 43 BT 4 B0 T4 . KAE 2 700~3 900 e i Hl Py 9
%mﬂa@ﬁﬂﬂﬁ% NaNO; . Na, SO, Hl NaClO, ¥k Ji 4 25 4k ifij
o BN 25 5w AR g AR 1 P AT 1

A

1y
AR w
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Quantitative Analysis of NO; , SO;~, ClO; With Water as Internal
Standard by Raman Spectroscopy

WANG Gan-lin', LIU Qian', LI Ding-ming', YANG Su-liang'* , TTAN Guo-xin'" **
1. Department of Radiochemistry, China Institute of Atomic Energy, Beijing 102413, China
2. Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China

Abstract Internal standard is often required when using Raman spectroscopy for quantitative analysis due to the poor
reproducibility of the Raman spectrum. In aqueous solutions, the stretching vibration Raman peak of water at 2 700~ 3 900
em ' has a strong intensity and may be used as an internal standard, but the interaction of water and solute will cause the shape
of the water stretching vibration Raman peak to change. In addition, the concentration of water will also change with the change
the solute concentration. When the solute concentration is high, the water concentration needs to be corrected. Taking these two
factors into consideration, quantitative analyses of NO; , SOi , ClO; in aqueous solutions with Raman spectroscopy are
investigated, focusing on evaluating water as an internal standard. The Raman spectra of different concentrations of NaNOjs,
Na, SO, , NaClO, solutions show that with the increase of salt concentration, the Raman peak of water in the range of 2 700~
3 900 cm ™! presents a trend that the left shoulder drops and the right shoulder rise. However, there exists a good linear
relationship between As;\ll/Anz() and c;ﬂh/c'nz() in NaNO; , Na,SO,, NaClO, solutions, where A represents the area of the Raman
peak and ¢ represents the concentration, and the R?* of the three fitting curves are 0. 999 1, 0. 999 1, 0. 999 4, respectively. This
indicates that the Raman scattering coefficients of acid ions and water do not change or change in the same proportion. So,
although the shape of the water Raman peak having changed, the feasibility of water as an internal standard is not affected. After
introducing the correction of the concentration of water, it is theoretically deduced that ¢, and conform to the relationship: c,
=ARs/(1+BRs), where RS:A“II/Auz(). In a wide concentration range from 0.1 mol « L™' to near saturation, the standard
working curves for NaNO;, Na, SO, , and NaClO, are obtained to be cxano, = 18. 8Rs/(1+0.6Rs) (R*=0.999 1), CNaysO, =
20. 2Rs/(1+1.0Rs) (R*=0.998 8), and xacio, = 15. ORs/(1-+0.7Rs) (R*=0.999 8), respectively. The limit of detection
(LOD) of NaNO; , Na, SO, and NaClO, are found to be 0. 008 0, 0. 005 2 and 0. 007 3 mol » L™ !, respectively. On the basis that
the shape change of the water Raman peak does not affect its feasibility as an internal standard, when there are two salts in a
solution, a water concentration correction for the second salt can be made to improve the quantitative analysis based on the
standard curves for the single salt solutions. However, the correction result is limited when the second salt concentration is too
large, and the first salt concentration is relatively small because the accuracy of the Raman peak area of the first salt will be

affected due to the too large Raman intensity of the second salt.
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