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NO, MINO, &Il E BA —E M S% 5 L.

S 7E E ST SR L, A 5T 2 H R R A
53066 BE AR B 40 A L DA TR] B I SE NC e v
1 NO, #1 NO, & & , i it NO, 5 NO, % B /K [t il
NC & & i Z 0] Y 2Pk OC & 3 1 A5 31 NC iy & A it .
WFFEE Se X NC K fif W 1 58 20 618 24T 9 415 DL 36 Tk 3%
AT AT VE SR G SR 5 R NC AR i 8 57 NC AR i3 &
5 5 W NO, FI NO,™ Y JBE IR e 22 [8] 19 £k 1 56
Z L 5 3 Bl 6 IE A NC AR S 3 o vk 0 H A
i UEWNZ A RO . AN OO BT A AR
A7 PR VA R ) R R S TR SR A
NC & U I I RE T BaE 1%

1 SLIEE 4

1.1 AT

IR A ] 5 AUEE A9 NC AR S A58 SIE ) NC AR 5
(2R 1), A7 fb 2 Tl B 03 A BR 2N W) 5 0 il R 44 il
B CECARAREN ESLRER , o AT Al 1 245 4 AR 2R R R A
FRAF .

4% : DZ-1BC I A FL 25 114 , K i 28 07 A
A7 B A 5 FA2004 BB 43 BF K7, 1 1 5% 2 H OF
BEE A2 A PR 2S5 DF-101S 42 B4 2 48 J5 hn #4ms Jy 4
FEAS At E LA A R A 7528 B 43
FET, bl 5 A AU AR IR | 5 UV-3600i Plus 55 4b
AL A E BT, H A B A ]

R NCEM MRS B Al

1.2 #HmaE

NC#E & - 73 B AR 0.025 g %6 1 H 8 Ff A [d] & &
HANCFH S E T 10 mLELE D K5 mLIRE R
T MBS AR /N O A BEAS NC AR il (19 850 8
o, aE 135 7R 60 CCKIB SR FE RN 2 h 5 #8048
R B UK 15 min, P H N IR A 5 1R B
il , [ B 2 1 W 0.22 o A5 L) T B k47 3 0, U
W B T H B L T B 50 wL K™ Wi % 2
10 mL At , 4K @ 25, i e i i 7528 B 4ok
6B I RE K R NOL, ™5 NO, M B .

DA 2R 7E 219 nm KA NO, 5 NO, B FE /R
Wt ZR BORE AF , FLI VRO O B B A B
8 NO,” 5 NO, ™/ BV BE 5 NO, ™/ IOl B2
AR B NO, 1Y WO B, JH: e 2 5 il 2 175 TR R f% 1
WK H 1 NO,, BE BT 4R i 2 NO, W ) B i =5
2 L, R al 7R B I 5E NO, WG BE Ay I 5 4 o R I
P 3¢ 2 41 K B FD NC K M 0 & 3 A R R
B o

R 2 M B I I kR AR

Table 2 Determination system of ultraviolet spectrophotometry

system determination system

I 2 mL pure water

il 2 mL dilute hydrolysate+0.1 mL sulfamic acid solution
| 2 mL dilute hydrolysate+0.1 mL pure water

Table 1 Nitrification degree and nitrogen content of NC
samples
NC sample degree_of nitration  nitrogen content
/mL-g”! /%

NC, 189.6 11.887

NC, 192.0 12.038
standard NC NC, 195.6 12.263

NC, 203.1 12.734

NC, 213.1 13.361

NC, — 12.50-12.70
verified NC NC, — >13.15

NC — 11.88-12.40
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1.3 (W’
1.3.1  EH K EITEFITHRIE

T 0 FE AR S U5 NO R HE VS W1 55 AT o A1
2k, 50 K Y 32 15 G "R B, ASS UE 22810366
AR AT A #50.05 g TR NCIN F#>13.15%)
K fE 2 h 5 77 A B KRR RO B 400 F1 800 £5 ,
UV-3600i Plus %851 A] UL 4356 5 B 110 45t L 58 41 g i
S oA R R T L 3K i W5 AT LR A A o T
W EE A W A A, TN BT MR BE R 20 mg-LT A
100 mg- L™ Y KNO AR I WY 58 A WO 15 43 A1
1.3.2 NO, 5NO,frfEMZLE

R HTEE T NO,™ 5 NO, MR B 5 #E 57 %6 4
G3CBE TG BEAR 5 WOk B Z M I M R

T BV A 0 A ALY AE 219 nm A1 275 nm kb3
AW, 1 NO,FE 275 nm kb B4 W lic . PRIt 3 i 7
219 nm kb iYW 56 BE (A219) 9825 2 5 7F 275 nm AL #Y
W ¢ B (A275) , B A219-2A275, & 1E NO, (1) %
R
&g
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KNO, Fil NaNO, b #fE BF W8 B 61 - 43 590 F% 5 0L 1 19
KNO, 81.452 mg #il NaNO, 75 mg T 100 mL %& #f
o, 4l K % S #F 500 mL 2 R o 2, o
NO, 5 NO, ik EHI R 0.1 gL

KNO, Fil NaNO, 7 1 5 51 7 W e il - FH 7% W AR ¢
B 0.4,0.6,0.8,1.0,1.2, 1.4 mL ¥ # B W 43 9 T
10 mLA SR, 4K & 25, 45 3 WOk B2 40 5 h
4,6,8,10,12,14 mg L',

NO, #5 e #h £k « 43 51 L 2 mL 45 1 & 503 0, N
0.1 mLalizk , A3 L AE 219 nm AT275 nm i K
b LAEEAK R 2 b, 2 OB (A219 . A275) , DUARIE &
G| e B Jg AR AR G B A219-2A275 S 4 Ak s 2 1l

PRAERR LR A 1 s Ll i iR IR 15 3 NO,

We 5 WO B Y R B ROl y=49.257x+0.0484,
R*=0.9991.,

NO,™ 19 b # 1l 2% : 43 5 BL 2 mL 5 o 3 W,
0.1 mLali/K, FAJE A ILAE 219 nm I K AL, PLalik
T Z I E WG RE (A219) , RUds i 2R 51 e B A A A
b (W BE A219 S G A A 22 il B o iR 22 an & 2 BT
i 3 fe /N ARG 1S B NO, VR BE 5 WOK BE Y eR B
S Z N y=75.286x+0.0397, R*=0.9998..
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Fig.1 Standard curve of nitrate
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Fig.2 Standard curve of nitrite
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1.3.3 MEFERKEFZFEHEWRL

W58 2% T SL 84-1994filf 2 £ %0 (1 I 52 (4% 4h
A3 6 BE ) )R T K Ak B K 43 AT R 2 59 S5
PERE VA 52 F )T H Tl A 3848 E KRR I FH K
T I PR R A e (5840 A DO BE ) L I i e A T
HNO, HINO, Y & i, I X B 5 Y 79 b 2145 98 DL R
I 44 3R 109 B I 4% 14 CAn KAt el T | 2 35 ik 7 Wk L
BE0 R B L B []) AT T SO R AL

SAN o O BE Tk I AR R DL AR 2, OGN
T B R T T YT v LA B ) AR AR A g T
T8 3 R NC (N & :>13.15%) /K i 2 h F1 4 h 5 Fi B
800 175 7K fife 0 1Y W2 % B b 2%, 0 o e A K g ik i|) . TR
At 2 HE T A7 2894 H1 K RNER 4 F K NO, 3 12 1 1l
SE TR IR TR RV W M R R 10 g- LT (R B
Ji B 7K i T AN AUAF AR NO, I A7 R I 58 4 1 &R
Fdh, B ARV VR 1 AR AR AE 219 nm Ak IO B AT
DLW AT H R SR A 1 AR A AN 2 THFE R — 3B 2 &
FEE R MR R E R TR R DR R b
NO, , MM & Bl & 15 22 o i HE AR, 0.1 mL
20 g+ L7 4 21 B B R VA ROV T S AR R Ok U R A
4 PR I 22 sk TR V5 W 1) Wk B2 1R E 10,20 g- L' T
I R 22 19 B 107 ) 181 b 3R O 32 vh 3 R 4 e, HLAE
AR R 20 Bk R R B, R 30 min J TR I
JEHE(A219) A S A= WY A2 Ak, 156 W) I I 2 28 s o ¢
e, DR R I TE] 5 5E R 10,30 ming AR R B9 R
] SR 25 PR A L3R 3, o Fh 3 fe R R 4 & F A%
BINO, 5 NO, & &, K DINO, D EKEEZH
NO, & & WAL R, T &5 0O BT iy e 1
SR A A o
F3 M EAR ORI R R AR

Table 3

the determination system

Different combinations of reaction conditions for

sulfamic acid concentration  reaction time

system

/gL / min
combination 1 10 10
combination 2 10 30
combination 3 20 30

1.3.4 KBEHNO, 5ENO, 2ENE

NO, W't B2 (1 I 5 < B B J5 7K g 2 mL, in
A 0.1 mL 22 HE i 17 1 VI R K 0 i NO, T Rl A
BE O ILAE 219 nm Al 275 nm B KAk, DL 4k 3
F LI NO, IO JE (A219-2A275)
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NO, W6 BE B 2 < B 2 4y 2 mL s B¢ I 14 K fit
W, Hod — 0 I 0.1 mL 28 35 i 152 V7 TR IR K i
B NO, 1ERZS (1S, 78 219 nm P AL, I 55—y fin
A 0.1 mL 27K 7K i W OB FE (A219)

TE 219 nm K Ab LA 2K 2 2 45 2 mL 2hiK
+0.1 mL % i 92 1 W WO B Dl 0 FiT-0.004, 0 &L
JE B R VA WAE 219 nm P K AL /0 6 B AT L Z g
it

B A A NO, FI NO,™ 1 W 6 B P 21 45 A o Ax
7 1t 2 B AT A5 B KV NO,™ 5 NO, Ik i L AR
A5 3 (0 vk B T 82152 NO, 5 NO, I BE /R 1, 354
n(NO%) _ p(NO%) L 62 D
n(NO;) p(NO;) 46
A, n(NO, )i NO, B ¥ Jit i & , mol; n(NO,™)
NO, B ¥ B A &, mol;p(NO, ) i NO, W & ,g-L7';
p(NO, ) N NO, H i ,g-L7";62 4 NO, il BE /R i &,
g-mol™';46 ) NO, I EE/R it & , g-mol ™',

2 HR5TR

2.1 EIDHAEITENHE

58 A1 43 B 0 e R R U ATl A v S T
T 1 b T K R R AZ BH G T Gy 0 T K i R AR B )
SE BRI SR AR S K NC YK 7R ) R S A
NO, I NO,™, i F£ 7£ A HLY L J A 0 58 4 1 &
PR, a0 KA RIS K i AR AR TR R £ L 1E
D3R 7 2 X LR AT WA B . Sk 43 A R S K TR
“BZ T YRR AR AR O, T U KRR 1 58 Al
A A, A 2R [ B R 2 A S5, — 2 AE 210~280 nm
22 [6] KR 5 30T R0 e B A v 5 1Y) 58 A0 WO 3% 4 A
2Rl HAE 219 nm J%2 275 nm BT 3% A IR 8l 3 46
W, RS H W L E A275/A219 /N F 20%, H
08 /N B -, I 2 s B e B K S R RT DAAS 28 o Ak B
Pl o NC WK = W 2 4 AR 2 b
245 W B I S WD A ALY S AN S B
TE 2 2% bR ifE o] L 2L F0BR 275 nm &b (19 1'% B2 ok HE
Bk Z B AE AE 00 A HLY) T R TR RS 1 NC
KA = U K BN Z bR Z AN A AL R U R
TR BURE L2 B DL 2 f5 0 A275 [E AR A
LTk .

P 3 Sk Hi & 400 175 A1 800 £ 19 NC 7K fift i Je A [l
WS B9 KNO, B 1) 52 bSO i sy it 4. i T8
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—=— 100 mg-L"KNO,
—+— 20 mg-L" KNO,
- —e— dilution 400 times
S~ —— dilution 800 times

absorbance

210 220 230 240 250 260 270 280

200 300 400 500 600 700 800
wavelength / nm

3 R [l AR T B8 A TR A [ 3k BB ) KNCO, 1 T 1Y) 56
AN 1% 23 A 1 2k

Fig.3 Ultraviolet absorption spectrum distribution curves of
hydrolysates with different dilution ratios and KNO, solutions

in different concentrations

275 3 I K B P NOL 9 B L 3% 0.05 g A AL EE
H13.15% M9 NCFE 5 mL &0E AL 8 W0 58 4 K,
IF H A EB A B NO,™, /K fif W #is B 400 £5 5 . NO, Iy
JEZ) 15 mg- L7 5 KNO, B Ry 24 mg-L™', T /&
Bt il 20 mg- L™ i KNO,VE 3 oLk B2 14 b HE ¥ W
M 3 TR DL R R 400 45 F11 800 4% 110 /K f W, H
S AN IO 53 A 1 OB RS ALK B KR,
AN TR VR BE 1 KINO, 75 2 4 a0 B 37 YA v 32 1) A%
Xt 58 S IR SO 1S 43 A R AR A sE AN K. A,
Fi B 400 £ 9 K 8 5 20 mg- L7 A9 KNO, 45 #E 15 i)
[ 43 A B2 7E 210~280 nm 2 [A] JE A KL, I B 7E
219 nm J 275 nm Bff 35 A fEFE JE R 0% . 15 A275/
A219 WAE % BL /N T 20% , Ut B 3 B I 4 7K i 2
15 YL R BN R AT DA G0 i 4R A A 3L SR AR a3
6 BE IR NO, A NO, By Y6 JE
2.2 REEGHMHRK

&1 4 Sk NC 7K i AN [v] B5F [8] J5 7K i VA 5 FE 800 1
TR - M NE 4RI RURE RN 2 h 5
4 KR R L ' B A A BE AR T G U W K R S N
HTE 2 hhRBHEAT 98 4, WU 225250 vh NC 1 /K fife i
[ E A 2 ho

FRAE 2.1 B0 E A9 7 B BRT DL NC AR &
KRG E WO NO, 5 NO, B ¥R, {H 2 X T 4 {4
2 R R 5 N I (R] T B — AP RO

Pl 5 2 7N [ 3k Al 19 7 Y R 5 R 5 g i [ 2 4 4%
R NO, 5 NO, Mk B . NIE 5 A DL X1 41
WA NC AR .4 & 1010 g-L7' .10 min) il 15 (4
NO, FR&kZ, 442010 g-L7".30 min)kZ 443
(20 g-L7'.30 min) & /> ;1 NO,” By I £ 45 52 0] J2& 20
At
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times after hydrolysis for different time
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Absorbance distribution of hydrolysate diluted 800
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action conditions (n=4)

Nitrate and nitrite content measured with different re-

AN SRS A5 2K AE3 KL, BR
NO, F NO,™ & i 5 I 5 14 38 rb 42 i 92 V75 VL 119 VA
AR I T 95 D AH G o 214 8 JH il 1 125 R 19 Wk 3 v A1 %
A28 Y B2 0 I TR R R IR, NO, R AR 584, S NO,
B R, 1 NO, I E D R NO, S
NO, 1Y B B Il 2 NO, 19 Y6 B, 24 NO, /)l &
{ER2d N I N[ @ B S U == o (= U A NP <8 D= U o e
PSR R 2 )N 30 min g, 41E 2.3 e AR
2 5 NO, # 6 5¢ 4 [ i, P UL ¥ i I I Jia) 5 52 A
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30 min; {H 24 5 fiff R 1 VR 1Y ok B AR, ek o8 4
B 0 WO B NO,, R & AL & 3 A5 1) NO, ik i
AT ULA 2 /N—28 G 2 tP i E LR AN A
DRI NO, RS A RN PRI IR 2 R it o Vs Y 1 vk B
FEN20 gL'y LR BT R RV WO 20 oL
SN ) 2 30 min S 1R FR 1 R A A
23 NCERAEREHMEZNEL

DL G 3 O B g 4% 1R S 45 21 5 Ff NC bR i 19
NO, 5 NO, W& 45 R L& 4, NEATLIAN B
#H NC R & Z I, K AR P NO, /Y & 1 7%
U/ T N O, 5 H 2 7 15 0, v I el i s iz NC Y
TR A AT NO, R A AL . 8 X (1) 45 )
NO, 5 NO, M /R 1L, 2 NO, 5 NO, iy EE /R I 5
NC Fr i 7 & = B HOS & 6 i, WEL 6 R ] LUE
L Bl NC AR & 20 135 0, HEEE IR L 1A 52 80
ETrm ks o ikl Es RS R & .
y=1.242x-13.15, M R K 0.9893, HEARZMLN
A 5 2 B 35 BB UE D7 75 19 0.99, {H A &8 F Elodie
Alinat % 15 2 ) 0.94~0.95 By 8L & 45 12, 484 6
HCEETHEAS B A NC & Al 5 NO, FINO, E R I 2

x4 HAE3IEKUTNESFNCERMIINO, 5 NO, HRIE(n=4)
Table 4 Nitrate and nitrite concentrations of five NC stan-

dard samples measured with combination 3 (n=4)

nitrogen content  p(NO,") p(NO,")

sample /% /gL /gL
NC, 11.887 0.766+0.005 0.972+0.062
NC, 12.038 0.778+0.033 1.004+0.059
NC, 12.263 0.774+0.036 1.136+0.129
NC, 12.734 0.685+0.033 1.376+0.067
NC, 13.361 0.580+0.020 1.481+0.087

, 35

CZ)” y=1.242x-13.15

o

=

© 2.5

=]

s

< 2.0

=]

1S

15

12.0 12.5 13.0 13.5
nitrogen content / %

B 6 NCHR&AMMK T NO, 5 NO, IR L5 NCHR & &
H MR (n=4)
Fig.6

hydrolyzed solution of NC standard samples versus the nitro-

Plot of the molar ratio of nitrite to nitrate ions in the

gen content of NC standard samples (n=4)
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2.4 FMEKFFHE

NC /K i 2 Bt v, N T R AR I X F B
(C,H,0,(0OH), ,(ONO,),) ,—~a NO, +b NO, +other
nitrogen compounds

K, xS NCHE B ER L, n 2 NC K4 F 1 R
AR, af bR 1 mol By NC i PEKfi# 5 7= £ NO, 5
NO, i B /R 4 % NC K4 H i A 4 2 b 2R 0 1Y)
T 1k 5 35 S - B R AL B L I8 44 NC R A 1 nk &
K i T NC Ji AR fb B, a5 b A9 (8 02 A EL 1) A8
1k, Bl a/bfE 5 NCER A& EENCHT &R, B
7 4% A ) st (L35 o0 58 42K i), a/b (9 25 A AL 5
SR EA E  Elodie Alinat 251258 53 K iR B0+ Fh NC #5
an HE S, 2 NC 2 A AH (] 1 BE 2R BT ek R [ B Cn fELAR
[6]) , N2 5 a/b1E

NC Bl 7K i 72 4= NO, I NO, 4 2 Fhn] B 1 i 1%
— 2 TR 2R TR K B TE RN O, 5 IR 7E U 7 5 T
BN S NO, . k[ 22 3@ i & 7 5] T NC o
il 2 T 22 /K i B4 5 1), N 7 v NC 4 F 25 i X R
e JE C(3)—ONO, I W7 24, 4 3h i MoK ¢, Bl IS 1)
2 I G C(2)—C(6) 1 B AE J7 ], {H J2& R BE o8 4=
HEBR N CC6) A7 S 46 B B Pk 7K f#% S . M Elodie Ali-
nat 25 Y MBS LA B i L NC A A3 fife 1Y) 2 I 3 12
P 7 T 25 B8, 2 C(2) M C(3) & I [] i) A7 76 i 1% T
LR B PR AR R FE A NO, ™, B NO,™ 5 NO, Ay BE /R

Bk, P ATE EREW FNCH S A2 s, bE
NC 7 &t 1Y REAIG . NC H ke &0 6 2 i 32 1) o Ll 3% 37 s
N I BB R R NO, ™5 NO, Y BE /R HE LB 22 0/ .
X— b5 E 6 AR bk $—F .

2.5 MK A EWIE

P 22 T) A 6 P A df , {H 2 % T35 NC i &, HA &
MR NC R 25, 56 T 3R 5 502 5 38 A I %
WNCH &R, W2 — L RIE,

FE AR TR) A 5286 2% 44 R, 0k 3 R 5 9E A NC A i
B J5 NO,™ 5 NO, I EEZR E, LA 6 H (1 48L& il £k
VB JJy b o 2K NCRE § 19 B8 K EE N 3 21 b v il 42
o B L R AR LR 5. R 5 T DUR B
E 5 M SE bR & A AR WA, 5 O O 3o 2 il
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Table 5 Determination of nitrogen content in common NC samples

experimental measurement
sample c, /% ¢,/ % relative error / %

e /% RSD / % (n=4)
NC, 12.514+0.018 0.145 12.50-12.70 12.61 -0.761
NC, 13.486+0.013 0.099 =213.15 13.40 0.642
NC 11.951+0.006 0.050 11.88-12.40 11.92 0.260

C

Note: RSD is the relative standard deviation of ¢, (n=4). c, is the nitrogen content measured in this study. c, is the actual nitrogen content. c, is the nitrogen con-

tent measured by polarized light microscopy.
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Determination of Nitrogen Content of Nitrocellulose by Ultraviolet Spectrophotometer

XUE Hui-hui'?, HUANG Juan'?, ZHANG A-lei’, CHEN Ke-quan’, ZHOU Jie'?, DING Ya-jun'*, XIAO Zhong-liang'”’

(1. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Key Laboratory of Special
Energy Materials, Minisiry of Education, Nanjing University of Science and Technology, Nanjing 210094, China; 3. College of Biotechnology and
Pharmaceutical Engineering » Nanjing Technology University , Nanjing 211816, China)

Abstract: A green non-toxic, easy and accuracy analysis method of the nitrogen content in nitrocellulose (NC) was investigated
by using ultraviolet spectrophotometer, which was based on a linear relationship between the nitrogen content of NC and the
molar ratio of nitrite-to-nitrate ions released after alkaline hydrolysis. Under the same reaction condition, five NC standard
samlpes with known nitrogen contents were hydrolyzed. The concentrations of NO,” and NO,™ in the hydrolysate were measured
by the ultraviolet spectrophotometer, and the reaction condition of measuring system was optimized. The linear relationship be-
tween the nitrogen content of NC standards (x) and the molar ratio of nitrite-to-nitrate ions (y) was determined by the least
squares method. Finally, three NC samples were used to evaluate the proposed method. Results show that the concentration of
NO,” and NO;" in alkaline hydrolysate can be measured simultaneously by ultraviolet spectrophotometer, and the most suitable
reaction condition is as follows: the concentration of sulfamic acid of 20 g-L™", and the process time of 30 min. Under the opti-
mal reaction condition, the linear relationship between x and y is obtained, and the R* is 0.9893. The verification results of
NC,, NC, and NC_ reveal that the nitrogen content determined by ultraviolet spectrophotometer and actual nitrogen contents are
in good agreement. The relative standard deviation (n=4) values are all less than 0.150%.

Key words: nitrocellulose(NC) ;nitrogen content;ultraviolet spectrophotometer;determination of NO,” and NO,~
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