136 I i

NEHS: 1006-9941(2014)02-0136-05
MMERREBFRIENEREEWERR
Bl #a

(AT K R, @i AL 310027)

& E: LN, N-THI-2-F R 2 (DMAZ) il ia iy, 8 8 be S0 A & 4 ik SOBE, B B T U FP L U AR S BB 710 & A
F WA ([Rdmaz] [N(CN), ], R=Z3k(e), IETH(b), IECIH(C,), IEFEI(C,)) MRE T X L8 T B FE — 2 IR 5 B Y
W Bh T BN R GE AR SRR I T R SR L PR R R e . 45 SR R B, B Jon B B b SO0 B, BT YRR 1 T
JIN By ) BRI R GE R, B ANR R ] R R R SR Z [ 2 Vogel-Fulcher-Tamman (VFT) J5 8 ;
P IR GE FE AR SR Z Wl o] 5 AR €, =a+bT+cT’ L& PUFN B F I 1A 5 8 A 1 0, U — D BB L3 A8 IR (T,) , [ edmaz ]
[N(CN), ] .[bdmaz][N(CN),] . [Codmaz][N(CN), #I[ C,dmaz] [N(CN), ) T, 45|24 -102,-92,-89,-91 °C. [UFhg

T IR ETE 241 ~242 CZ A, S g R EAT R

KGR : AP N, N-THIE2- SR —RERA R T

HESZES: T)55; 062 MRS A

TRERS T WA W E

DOI: 10.3969/j.issn.1006-9941.2014.02.002

1 5

il

BT RBA N K&, % i 70 42 T 5 & 1 3
TREESR o G000 W 2SR 2 70 B R 5 L0 ol Y L 3F
B A wl al , M & O 8 TC TG Py R B AT 1 R A
A 2 R0 Ay > VR A A A R O 9 ) 2 1]

B AR — A VLB 5 LA P &
TR JESARTF 100 CR 2R &9, BA KRR
JE R AR | R 1 AP B AT R S O L VR — P gk
EEA AR Z " EAEK, BT WA TE HE
sk Hh i T A R R OAF ) RT Bt . MacFarlane
SR AR (NCCND L) I BT B T B 7
T 3E H B B RS B2, B an [ emim J [N (CN), ] 7£
25 Cfiysh 1B 21 mPa - s; 5 —J5 1, Schneider
SR BN (CN) 5 Ay B B 7y ok s 720 3 79 1A 5
ZTHR B AR A R TR G g EBE, TR 4 DL AR Dy [
BB AR B — 2SR R C I AT BRI
KR HEE T

AW ST T o G 2 B RURE 1B B A AL PH S
T, 5 R B B 1455 T8 BUES WA, O D LS

Wi B 2013-10-28; f€[E B HF: 2013-12-20

E&TIH - i KB #5498 8 (CASC201103)

EEEN: JFRI(1971-) 5, LM+, @l B8, 32 % 55 F 0 B A
FHREF BB SE . e-mail; gli@ zju. edu. cn

Chinese Journal of Energetic Materials, Vol.22, No.2, 2014 (136-140)

TP 1A A WX 6 B 1 AR R T L TR
SV P EOR . 45 A S IR B O AR
N, N-CHIE-2-B R O (DMAZ) gl i ¥y, i ik
toe e A RS 73 gk S, 45 BT PUAR L NCCND S S BT
T BB RS B T WA, I XK 8 B TR 5 B
35 LM EE IR 58 e IR S e b AT T I AR

2 KBS

2.1 A ENEE

WA WO ke (A% 98% ), 1-1R T e (4 i
98% ), 1-IRIE & be (4l iF 98% ) , 1-95L IE ¢ Lt (2
98% ), 1-IRIE + Z ke (2l & 98% ), — FUMk o (4
96% ), b ik i R K BT BT A R . 6 R AR
(AR), ZJif (AR) , I (AR) , LR LW (AR) , iRk
M E o 2 o AR DMSO(99.9% ) , 1 R
NN

I s HT-4A S0 1H R 2 S 0 ) e b (VL9048 4
Inii R A il 3 A BR A W) ) |, i #% 2% & 4 RE-2000B
( B R A AT ) , Nicolet Nexus 470 {if B 7%
ool AP 1AL (26 [ Thermo Nexus 22 #] ), Bruker
DMX-500 #% i Je 4= A (18 [E Bruker 23 H] ) , = 450 WK AH
3% (Agilent 1260, C18), ESI-MS ( Bruker Esquire
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2.2 BFEREBEK

([Rdmaz][N(CN), ) &7 Al i 5 vk &
JEAFE] (4 Scheme 1 fi7R ) o B 55 DMAZ 5 A [ 4
K IR AR K (RBr) Sz iz A= il 2% 4% 9 $h ([ Rdmaz ]
[Br]) ,ShJE 5 —wURH (AgN(CN),) #1715 F 58
e, DMAZ F1 AgN(CN), #4552 WCiHkl 4,5 ] .

R
SN NaRﬁ_ \E@/@\/N3 AGN(CN), \l{g/\/’“
Br

| | ‘ ©N(CN), +AgBr

DMAZ R=C,Hs, [edmaz][Br] R=C,Hs, [edmaz][N(CN),]
R=C4Hg, [bdmaz][Br] R=C4Hg, [bdmaz][N(CN),]
R=CgHy3, [Csdmaz][Br] R=CgH3, [Csdmaz][N(CN),]
R:C8H17, [ngmaz][Br] R=CgH17, [ngmaz][N(CN)z]

Synthesis of ionic liquids of [ Rdmaz] [ N(CN), ]

Scheme 1
PRIC— € f ) DMAZ (44 mmol) fin A T4 1) =
FBEI A 50 mL S JE ¥ i, VKoK ¥ 20, 3 3 4
03 P T W s =1 2 1 i I 28 AR (53 mmol)
st B ki £k 30 min 5L koK R e T8
— it BE T Ak S P T (R e 5% 22 K BR K R A
B EEER, HON/ O CFRIE A7 7 E 45 0 IK,
50 CH= T 48 h, {5 g [ Rdmaz ] [ Br] [#{&,
W —E =M [ Rdmaz] [ Br] (25 mmol) il A 40 mL J&
K BEG R, SR G B A AgN (CN), (30 mmol) , i
JEEMRBEFE 12 h, B0 50 BB & AgBr SR B i i
AgN(CN), , igf% 75 K bR L) ,50 CH A T4 48 h,
7470 8 B IR B A MR AA
N,N-Z_HE-N-ZE2-BRZE_&H K%, [edmaz]
[N(CN),]: % (4.90 g, 94% ). 'H NMR:; §=
1.22 ~1.25 (m, 3H, CH,), 3.02 (s, 6H, CH,),
3.33~3.36 (m, 2H, CH,), 3.46 ~3.49 (m, 2H,
CH,), 3.91 ~3.93 (m, 2H, CH,); "C NMR: 8=
119.56, 61.24, 60.03, 50.31, 44.51, 8.27; IR
(NaCl,p/cm™) 3443 (m), 3012 (w), 2964 (m),
2876 (w), 2233 (s), 2194 (w), 2134 (s), 1638
(w), 1485(m), 1303(m), 910(w).
N,N-Z R E-N-IETE2-ERZEZ & K%,
[bdmaz] [N (CN),]: R # {4 (5.45 g, 92%).
"H NMR: §=0.93-0.96 (m, 3H, CH,), 1.28 ~
1.31 (m, 2H, CH,), 1.64 ~1.69 (m, 2H, CH,),
3.05 (s, 6H, CH3), 3.29 ~3.31 (m, 2H, CH,),
3.49 ~3.51 (m, 2H, CH,), 3.93 ~3.95 (m, 2H,
CH,); "C NMR: 8= 119. 04, 63. 63, 61. 27,
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50.41, 44.03, 23.67, 19.09, 13.40; IR(NaCl,»/
cm™') 3434(s), 3146 (w), 3021 (m), 2991 (m),
26969 (w), 2234 (s), 2195(s), 2133 (s), 1644
(m), 1485(s), 1310(s), 1019(m), 909 (m), 855
(w), 809(m).
N,N-ZHE-N-ECE-2-BR ZE %, [C,dmaz]
[N(CN),]: %k#t (6.03g,91%). 'H NMR.; §=0.87
~0.90 (m, 3H, CH,), 1.27 ~1.32 (m, 6H,
CH,), 1.65~1.68 (m, 2H, CH,), 3.05 (s, 6H,
CH,), 3.28-3.31 (m, 2H, CH,), 3.49 ~3.5]1
(m, 2H, CH,), 3.92 ~3.95 (m, 2H, CH,);
“"C NMR: 8= 119. 07, 63. 83, 61. 22, 50. 40,
44.03, 30. 57, 25.32, 21.79, 21.62, 13. 74,
IR(NaCl,»/cm™) 3444 (s), 3028 (w), 2957 (s),
2925(s), 2861(s), 2528(w), 2238(s), 2194(s),
2135(s), 1644 (m), 1470 (s), 1311 (s), 1012
(w), 906(m), 728(s).
N,N-ZHE-N-EFE-2-ERZE &K%, [Cdmaz]
[N(CN),]: % #f (6.59 g, 90%). 'H NMR: 5=
0.87 ~0.89 (m, 3H, CH,), 1.27 ~1.30 (m,
10H, CH,), 1.64 ~1.70 (m, 2H, CH,), 3.05 (s,
6H, CH,), 3.28-3.30 (m, 2H, CH,), 3.49 ~3.51
(m, 2H, CH,), 3.92 ~3.95 (m, 2H, CH,);
“C NMR: §=119.07, 63.81, 61.20, 50.40, 44.03,
31.11, 28.38, 28.36, 25.68, 22.00, 21.66, 13.89; IR
(NaCl,v/cm™) 3499 (s), 3027 (m), 2975 (s),
2927(s), 2857(s), 2533(w), 2235(s), 2195(s),
2134(s), 1644(m), 1470(s), 1311(s), 909(m),
724(w).
2.3 YENE

% F ESI-MS ( Bruker Esquire 3000 plus) £ il &
TR AT REsR AR T Brfil Ag” . &k, Br A 2 F )
AR Y0 Broal AgT . SR 500 MHZz 4% % 3t PR 4L
(NMR, Bruker DMX-500) g 5'H NMR F1"°C NMR
i (LA DMSO-d, JEH)) 4 # i Lk Me, Si 2 1L,
% F3 Nicolet Nexus 470 {# B 45 #4227 #MYC 5% FT-IR
T

% Anton Paar DMA 5000M i 3545 2% 5 - H 55
TR (p) , MR 25 ~60 °C; R Anton
Paar AMVn i B2 1l it 25 WA B9 8l 0 R EE (), DR
W 25 ~60 °C; R M 2 72~ 41 4 #4 & 1 (DSC,
TA Q100) 73 #7185 F AR 7E —120 ~20 °C il [l 4 i A A2
(AR H) LA M AE 25 ~120 °CHg Bl N Y & A
Xk
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(FESCE B A B A L TR 10 °C - min™' ),
U /2R G (TG/DSC, NETZSCH STA 409
PG /PC) Il 7 B TV AR 0 #4405 B, 1 B8 1 41 5
30 ~500 °C, R ZE 10 °C + min™',

3 HR5WiE

AT R E AN [ Rdmaz J[N(CN), JHY B 7
AR, P R 3518 23 (e), IET (b)), IEC 2
(Co), IEFH(Cy) MIE+F Tk (Cy,) o BFTEA,
NS MO ¥ it 7/ 81 W S A K N 7/ e
T 2 WA TR AR F 5 20 DY o 1 T A ) P S
AT I IS .

3.1 REHRKEFREWERNZ I

g i T AR TR AR 25 °CTR
(p) B R () MEEIRE IR (C, ) o HIZRT AT
L VU TR M B E R T g - om” R B R T
DMAZ (5 ", il 2 W 1A i 700 o 0 86 B M R

HIE 1 LT, B AR Y o R i e S i R
TG/ A AR [ 1 e -3 - F ks | [ XL (=
R B R ) WA ] ([ Rmim ][ (CF,SO,),N1) & 1
PAEARL7 o 53 4 R Oy F LI B8 F IR TE 25 °C Y

TN 115 g - em™ 105 2 A ROl 9 A8 Ak LA e
=8,

FIFH 25 Cf iy %5 B g A ) 8B T &5
TR 5 FARB(V,) R WE T, R T,
BT AR 2 1 1A R B o 6 B K 1 3G in T 3 K, HL Y
KT DMAZ {45y F R, 55— 54, — A
HIE (—CH,—) XF 8 W AR 7 TR B STk LT 2
— AR (25 0.0269 nm’) .,

V=M, /(Nxp) (1)
o, M, AR TR, g - mol™'; N i Avogadro
WH; p R 25 CHIHIETE .

TP R DURR S R I Bl ) B R R B
JoE BE B I B4 i 34 i, AR IR AR LR R . [ edmaz ]
[N(CN), ] 8l Ji%E R 5.3 mPa - s, li% & T DMAZ
W 3h 1 B, BRI VR PR A 4 R0 0T 28 B I SR Rk
=R AR B ) R EEBR (>100 mPa - s) | I
Jot B v B B 1S N G2 18 4 K o e R K N S R A
Bl 3 B 25 0L 5w A Sk i 3B, ) dn
[Rmim ][ (CF,SO,),N] B 1) 3l 1 5 22t b A
B S OB WITE: 0 NS o N I 0 o R N (]
JEE IR 5 I A 75 A, e i e 5 K %) 348 1 7T 348 0 76 o

R1 25 CH[Rdmaz J[NCCN), 1B 7 WA 5 L 3l ) 36 8 R BE 7R TR AR

Table 1 Density, dynamic viscosity and molar heat capacity for ionic liquids of [ Rdmaz ][ N(CN),] at 25 °C
lonic liquids My /g + mol™ V,,/nm’ p/g+ cm™ n/mPa - s Cp /) - mol™ - K™
[edmaz][N(CN), ] 209.14 0.3106 1.1185 5.3 400.3
[bdmaz][N(CN), ] 237.17 0.3646 1.0806 116.5 487.9
[Cqedmaz] [ N(CN), ] 265.20 0.4206 1.0474 184.2 569.9
[Csdmaz] [N(CN),] 293.23 0.4742 1.0273 230.3 657.1
DMAZ 114 0.1907 0.9267 2 -

Note: Data for DMAZ were taken from reference [6].

3.2 BEMNBFREZENZN
SR RRME T P, HE T HL EE
i I 5 1 T e T2 PR P Z TR R] F (2) A G
p=A+BT (2)
K, AR B G SR HEUE LR 20 b e i 22
(s) WA, P M RARGY -
3.3 BENBFREDNNFENZN

K2 Rl G SRR RE . WK 2 Al A,
BT WK Bl 0 R RE B IR EE T e R A, 2 E]
Vogel-Fulcher-Tamman (VFT) F##l4 :
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n=n.exp[ B/(T-T,) ]
K ,m, B T, WLAESE, HEE W% 3,

(3)

®2 IEQMUESE

Table 2 Correlation parameters for Equation (2)
lonic liquids A 3 BXLOA

/g - cm /K

[edmaz][N(CN), ] 1.3236 -6.83 0.002
[bdmaz][N(CN), ] 1.2929 -7.11 0.003
[Codmaz][N(CN), ] 1.2413 -6.49 0.003
[Csdmaz] [ N(CN), ] 1.2252 -6.62 0.003

Note: A and B are correlation parameters, s is standard error.
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Fig. 2 Dependence of dynamic viscosity on temperature for
ionic liquids of [ Rdmaz][N(CN), ]
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Table 3 Correlation parameters for VFT equation

L B T
ionic liquids 7:11Pa . K /OK
[edmaz][N(CN), ] 0.035 574.6 183.4
[bdmaz][N(CN),] 0.138 942.6 158.2
[Codmaz][N(CN), ] 0.157 928.2 166.8
[Csdmaz][N(CN), ] 0.178 921.2 169.5

Note: o, B, T, are correlation parameter.

3.4 BTFREMHER

F4 gy T DU TR I B A R (T,)
oI (T,) o H 3 4 AT 41, [edmaz ] [N(CN), ]
B T, =102 °C AR FH & =FEs ik ik, 1
KRB TR T, HZEA K, -89 ~ 92 ‘CZ ],
I I DU S IR AR AT ATEAIRIEL T 6 . 53 4, DUl B
TR 53 ff I BE B A 241 ~242 CZ[R], 5 ke HE K
BATK,
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R4 [Rdmaz] [N(CN), J 7 A 1 ok o

Table 4  Thermal properties for ionic liquids of [ Rdmaz ]
[N(CN),]
ionic liquids T, /°cV Ty/C?
[edmaz][N(CN), ] -102 242
[bdmaz][N(CN), ] 92 241
[Codmaz][N(CN), ] -89 241
[Cgdmaz ][ N(CN), ] -91 242

Note: 1) : Onset temperature of a heat capacity change, 2): Onset tempera-

ture of mass loss determined by thermogravimetry.

ABETEIL M AE 1 7Yl S 1A TE AN [ IELRE T Y
IRE HE AR AR AN 3 s o BT 3 RIHL, 4 —Fh g
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700 wvV?Y
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esol v
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<" L aAAA
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Fig.3 Dependence of molar heat capacity on temperature for
ionic liquids of [ Rdmaz][N(CN), ]

R5 TR MUESE

Table 5 Correlation parameters for Equation (4)

ionic liquids a b cx10* R?

[edmaz] [N(CN), ] 209.85  0.7095 -2.63  0.9958
[bdmaz][N(CN),] 119.13 1.6750 -14.9  0.9986
[Cedmaz][N(CN),] 332.08  0.8655 -2.51 0.9965
[Cgdmaz][N(CN),] 391.34 1.0154  -4.11 0.9970

Note: a, b, c are correlation parameters. R? is correlation coefficient.
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Synthesis and Physicochemical Properties of Four Azidoammonium-Based lonic Liquids

LI Gang, SUN Tian-tian
( Department of Chemistry, Zhejiang University, Hangzhou 310027, China)

Abstract. Four ionic liquids with formula of [ Rdmaz] [ N(CN), ], R=ethyl(e), n-butyl(b), n-hexyl(C,) and n-octyl(C,),
were synthesized through a metathesis reaction of quaternized N, N-dimethyl-2-azidoethylamine ( DMAZ) with different alkyl
chain length with silver dicyanamide. The density, dynamic viscosity and thermal properties of these ionic liquids were measured
over a wide temperature range. The effect of the alkyl chain length was discussed on the physicochemical properties. Density
decreases while dynamic viscosity and molar heat capacity increase with increasing number of carbon atoms in the alkyl chain. The
density shows a linear decrease with temperature, and the dynamic viscosity decreases with temperature following the Vogel-Fulcher-
Tamman (VFT) equation. The molar heat capacity (C, ) increases with temperature following the equation C, =a+bT+cT’. No
melting points were found for these four ionic liquids except for a glass transition temperature (T,). The T, values were -102 °C
for [edmaz][N(CN), ], =92 °C for [ bdmaz] [N(CN),], =89 °C for [ C,dmaz] [N(CN), ], and =91 °C for [ C,dmaz]
[N(CN),]. The decomposition temperatures of these four ionic liquids range from 241 °C to 242 °C, independent of the alkyl

chain length.

Key words: organic chemistry; N, N-dimethyl-2-azidoethylamine; dicyanamide anion; lonic liquids; physicochemical properties
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