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Abstract: Ketazines as useful intermediates have been

extensively applied in many industrial fields, including dyes, 35 V&* + HN-NH, 25
pharmaceuticals, aviation fuels, photosensitive materials, as well 0 §0 7n|ss32 ?Z? 2.4
as polymerizable monomers. In this work, a new ketazine 7 7 94 , 10 22
derivative (cyclopropyl methyl ketazine, C19N2Hi¢) was prepared :f: 002 08 - <
from cyclopropyl methyl ketone and hydrazine hydrate. Under the jz o0 E —E :; oo 3
atmospheric pressure, the reaction was studied under different ) - < r‘éi 3 s

mole ratios of cyclopropyl methyl ketone to hydrazine, reaction ) N A Aoz W
temperatures, and reaction times. With the optimized reaction 24 a, I
conditions of 2.0:1, 363.2 K, 101.3 kPa and 7 h, the yield of “ =

cyclopropyl methyl ketazine was up to 93.6% through the chromatograph measurements. The structure of cyclopropyl
methyl ketazine was characterized by IR and NMR spectra after it was purified through distillation. In order to prove
the existence of isomers, Gaussian 09 program to optimize the structures was used and the energy values (single point
energy) of cyclopropyl methyl ketazine was calculated. Furthermore, a comprehensive set of the physicochemical
parameters for cyclopropyl methyl ketazine was provided, including density [p=0.884~0.947 g/cm?], dynamic viscosity
(7=1.39~2.88 mPa-s), liquid heat capacity [C;=2.03~2.32 J/(g-K)] and surface tension (6=22.1~25.0 mN/m) in
temperature range (280~400 K). The data of p, # and o exhibited the negative correlations with temperature, while Vn,
o and C, showed the positive correlations with temperature, which all had a good fitting degree for equations.
Considering the cyclopropyl methyl ketazine reaction systems, the vapor—liquid equilibria (VLE) of binary system
(cyclopropyl methyl ketone—cyclopropyl methyl ketazine) was measured and correlated with NRTL model to acquire
the binary interaction parameters. The obtained data and correlations are valuable for industrial processes, and could
be the good references for industrial design.
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Fig.1 Synthesis routes of cyclopropyl methyl ketazine
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1. Thermometer 2. Equilibrium chamber 3. Liquid-phase sampling point

4. Heatingrod 5. Magnetic stirrer 6. Vapor-phase sampling point

7. Condenser
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Fig.2 Schematic diagram of the VLE equipment(?0-23]
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Fig.3 Variations of conversion rate of cyclopropyl methyl
ketone with time under different molar ratios
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Fig.4 Variations of selectivity with time under different molar
ratios
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Fig.5 Variations of conversion rate of cyclopropyl methyl
ketone with time under different temperatures
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Fig.6 Variations of selectivity with time under different
temperatures
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Fig.7 Three isomers of cyclopropyl methyl ketazine
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Table 1 Single point energies of cyclopropyl methyl ketazine

Isomers Single point energy, Ey/a.u.
(1Z,22) —498.71167
(12, 2E) —498.71304
(1E, 2E) —498.71337

322 M

F DSC 2300 5 $ P R ) 322 2B iR B2 T v PR A
U 8 Fras. WLAE th, PRTNHE AL A 06 AN
IR FE o« 25 B3I R G5 S5 7 HE A LB PR A8 431 RE R
TIHEN SRS 1, — A BRI f, WOl asE
(Tma, 282.9 K)FNEAH (T, 288.6 K) A GE N F A1 (1E, 2E)
FIHE 55 AR (T, 279.1 K)FNEAE Ty, 281.4 K)HT RE
RFRARZ, 2BE) % 252425, B Gaussian 09 5 R,
FMR(LE, 2B)MI(1Z, 2E) I RE EAHZEIR /N, PR T L
BIAHZEAR K 3T HMAR (12, 22), HitH g R RREE
P e, =3 AT &7 Ee il s/ SO AR FEAE B G
TG T I
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Fig.8 DSC curves of cyclopropyl methyl ketazine

3.2.3 BEEANGNEE

P (p) RN FE (1) 5 46 WA BT HRVRE R/ IR
RETUARA I, Mo i B M 5T (23250, B4 5k P 2 i
T G )  FEE FD 8 P T Ui B AR AL ) S BB SR 2. A5 SRR
By, B — iR E T, 5 RN R RIS Y R R R
(p=0.842~0.899 g/cm?, #=1.062~1.134 mPa-s)Htt, &
NN T & TR O R 72l MAREE, N-N
BRI GINFE T 4> TR BRI INAR R B, IR PR R
AH L) 24038 B W) A A A I T 2R B B
AN HTEER S TR SN, KA
BURR20Y, BHE 9 WA Y, P PR Jak R T R A
BEMETRE. R TR, X B NI e i T
= AR A BAE 1288 Mg Rk
360 K J&, ZHFE AN 221 T FE .
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Table 2 Densities and viscosities of cyclopropyl methyl
ketazine at 101.3 kPa®

T/K Density, p/(g/cm?) Viscosity, 7/(mPa-s)
293.1 0.947 2.88
303.1 0.938 2.34
313.1 0.930 1.99
323.1 0.919 1.75
333.1 0911 1.57
343.1 0.903 1.53
353.1 0.893 1.46
363.1 0.884 1.39

Note: “represents that the standard uncertainty u are u(p)=0.001 g/cm?.

XFF 101.3 kPa N PR 5L A L%, R EM
TP BE I e R R AR AR £, W] 43 a3k FH £ 1k T RE AR
BT RERHT BUE L A4, B3 SCBTFE(D)FI(2), Hik

ERB IR R1x=0.999 FI1 R»,=0.997, FHHH A TFEK
WERE R, IR T 293.1~363.1 K BTG E A H
i FE i S G P 2 P A

P=-899x10"T+1211 (1)
n=—0.138+e% 2)
K, p AEE (glem?), n NENEFE (mPas), T HEE
(K)o
AW IE IRRFR Vin(em?/mol) AT AR 25 B SR 75«
M
v, =— 3
- 3)

Kb, M ONEEIRJF & (g/mol).
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Fig.9 Density and viscosity as functions of temperature for
cyclopropyl methyl ketazine

AN TR BE T PR A 7 22 5 38 0 A B R A AR L R
3o WTLAFE Y, Bt B2 T e, A PR 2 PP R R ) B O A
RN N, X 5% R B IR AL B S a9

3 TAEREIRZERME/RAEF(101.3 KPa)
Table 3 Molar volumes of cyclopropyl methyl ketazine at
(101.3 kPa)“

T/K Vi (cm?/mol) T/K Vi (cm?/mol)
293.1 173.2 333.1 179.9
303.1 174.9 343.1 181.7
313.1 176.5 353.1 183.5
323.1 178.2 363.1 185.3

Note: “represents that the standard uncertainty u is u(¥;,)=0.1 cm*/mol.
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PR R B () VE AP AT 5 i L 1 A
SR, TR T FE ()R A (¥ PE A AR 520271, gh L
Wk 10 fior. LR, BERETHE, o FRiEshn
JEIl S SR TR 20N T RA S5, A P 3 PR R R ) A
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RECN R?=0.998, "JH T 115 293.1~363.1 K i TG
DA A A 5 R R U A IR R 2 a(1074/K) .

1 ov 1 op
=y Crh =G @
m P
& =6.58T +0.0092 (5)
g 100 1235
T 99t 1 ~
2 i 1230 2
S %% 1205 2
5 =
s T 1220 &
S o6r f T
S r 4215 5
s 95| g
Z oul 4210 3
g 94 1= <
Y L |51
5 03 4205 =
- I ]
E I N R I IR BN IR B 2.00
8 290 300 310 320 330 340 350 360 370
[_4

Temperature/K
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Fig.10 Relationship of thermal expansion coefficient and heat
capacity as functions of temperature for cyclopropyl methyl
ketazine

32.5 ELHE

LEES T RR AR /), Hh & KL
AR (Co)FRRTE SRR IIE LT, ST & 1 S Ak
HVTRET R 1K BTl AR, R TAER
FAET I B B E A SR LA (LR 4),
Ji15 C, BEIRE AL I 10 Frs. ATLAEH, C, B
FEFH ALK o AR R g B il B s, 401 (Al 4
(AT T8 P 5 |2 B 22 RE B G A R A e, RIIATR #
REJJAZ 8 . S0 iR FE HUE JE A 298.2~320.0K, X2
RAE SEBR I e i FE A R B, T 330K i, FRTA
B FA B U R R, 5 ) L R 1 A U

*4 NAEREFZERALLAE(01.3 kPa)
Table 4 Heat capacities of cyclopropyl methyl ketazine at 101.3

kPa?

T/K C,/[I(gK)] T/K C,/[I(gK)]
298.2 2.03 310.0 2.19
300.0 2.06 313.2 2.23
303.2 2.10 318.2 2.29
308.2 2.17 320.0 2.32

Note: “represents that the standard uncertainty u is u(Cp)=0.05 J/(g-K).

S5 L A o I A PR A1 P SR P e M T R R A
RSB, A LI BRI A A5 BIZAE T RE(6), RAE R KL
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0 ] PN A TR 5 P R 2 R Tk 9B

o =-0.05T +39.61 (7)
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Fig.11 Relationship of surface tension and temperature for
cyclopropyl methyl ketazine
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Table 5 Vapor-liquid equilibrium data of cyclopropyl methyl ketone (1)—cyclopropyl methyl ketazine (2) at 101.3 kPa“

d

T/K x" »° e 72
384.6 0 0 1.0006 -
389.2 0.113 0.007 0.9817 1.9393
391.5 0.228 0.013 1.0501 1.9002
3954 0.329 0.019 1.0805 1.869
399.5 0.426 0.040 1.1086 1.8668
404.9 0.540 0.057 1.1783 1.676
410.6 0.643 0.078 1.2882 1.5347
417.9 0.731 0.109 1.3869 1.4211
431.5 0.827 0.171 1.4646 1.2033
448.7 0.904 0.282 1.5941 1.0278
458.9 0.954 0.406 2.2367 1.0276
474.9 0.977 0.594 2.3288 0.9294
482.0 0.984 0.712 2.0623 0.9159
484.9 0.990 0.779 2.4651 0.9225
491.2 1.000 1.000 - 0.9998

Note: “represents that the standard uncertainty u are u(x)=0.005, u(y)=0.009, ® represents that liquid mole fraction (x), ¢ represents that vapor mole fraction (y),

“ represents activity coefficient (y).
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Fig.12 Vapor-liquid equilibrium diagram for the binary system
cyclopropyl methyl ketone (1)—cyclopropyl methyl ketazine (2)
at 101.3 kPa
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Table 6 Interaction parameters of cyclopropyl methyl ketone
(1)—cyclopropyl methyl ketazine (2) for NRTL

Parameter Value
ap 5.29074
as —4.10909
bia —1432.15
by 1446.73
2 0.3
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F(10)75 H 2% A 58 05 5 0 ASORH JBE 7R 40 50 1) 350 77 AR Al 22
(RMSD). %53 57~ RMSD(T)F1 RMSD(v) %3 54 0.747

F10.151, FRH NRTL RS % Sz 06 B 19 A0 S R4
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TR, 6469 H A BCNMR K&, iEsL
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(3) 280~400 K it & 35 [l P, PR P ok Yk e 2 S 1 55
J# p=0.884~0.947 g/cm®. FNZSFIE n=1.39~2.88 mPa-s.
EL#ZF C,=2.03~2.32 J/(gK). FM K /1 0=22.1~25.0
mN/m, p,n, o SREFAAR, Vi, a, C GHEIEM K.
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