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Fig.1 X-ray diffuse-scattering spectra of adamantine crystals
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Table 1 Structure properties of adamantine crystals
calar pe I . |
erystal /K crystallization space m()lf‘( ular per cell parameter mole}lr vo urriel
system group unit cell /A a ¢ b /em® + mol
I 298 face-centered cubic Fm3m 4 9.45 - - 127.1
I 208 cubic PA2,c 2 6.60 - 8.81 115.6
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Fig.2 The infrared spectrum of adamantane
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Fig.3 The mass spectrum of adamantane
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Table 2 The basic physical-chemical properties of adamantane
molar mass 136.33
melting point/C 269 (in sealed tube)
density/g + cm ~ 3 1.07

1.568 +0.003(20 C)
~192.5+0.4(25 C ,solid)

refractive index

heat of formation AH_°/k] -

mol !

heat of combustion AH/"/k] + mol -! -6033 £3(25 C ,solid)
specific heat/kJ « mol ™! 189.74 (25 °C ,solid)
heat of sublimation 59 +3(27 C)

] Jmmi InP =50.27 — (8416/T - In4.
vapour pressure/mmHg 2117(278 - 443 K)

. . 460 body-centered cubic/face-
tri-phase point/C. /27 kbar centered cuibic/liquid
phase critical point/K 208. 62 body—c-eelered cubie/

face-centered cuibic

enthalpies S °/J + mol ! - K~! 195.83(25 °C, solid)
(H° -Hg) /T 24.38(25 C)

-(F°-Fy) /T 22.42(25 C)
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Table 3 Molar thermodynamics functions for adamantane crystals

T/K c) /R Ay S /R AgH® /RT /R
340 26.26 26. 64 13.66 12.98
350 27.38 27.42 14.04 13.38
360 28.41 28.21 14.42 13.78
370 29.37 29.00 14.82 14.18
380 30.27 29.70 15.21 14.58
390 31.14 30.59 15.61 14.98
400 31.98 31.39 16.01 15.38
410 32.80 32.19 16.41 15.78
420 33.61 32.99 16. 81 16.18
430 34.42 33.79 17.21 16.58
440 35.24 34.59 17.61 16.98
350 36.07 35.39 18.01 17.38
460 36.91 36.19 18.41 17.78
470 37.77 37.00 18,81 18.19
480 38.65 37.80 19.22 18.59
490 39.55 38.61 19.62 18.99
500 40. 46 39.42 20.03 19.39
510 41.38 40.23 20. 44 19.79
520 42.32 41.04 20.85 20. 19
530 43.25 41.85 21.26 20.59
540 44.18 42.67 21.68 20.99
543.2 44.48 42.93 21.81 21.12
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Table 4 Standard molar thermodynamic functions
for adamantane in liquid sate

(R=8.31451 J - K™' - mol™',p° =0.101325 MPa)

T/K ¢ /R AgS® /R AgH® /RT @° /R
543.2 44.48 46.02 24.81 21.21
550 45.10 46.58 25.06 21.52
560 45.99 47.40 25.42 21.98
570 46. 84 48.22 25.79 22.43
580 47.65 49.04 26. 16 22.88
590 48.39 49.87 26.53 23.33
600 49.05 50. 68 26.90 23.78
R5 BESGRSTERRHREERRDEER"

Table 5 Standard molar thermodynamic functions
for adamantane in the ideal gas state

(R=8.31451] - K™' - mol™',p° =0.101325 MPa)

Com A0S, AGH, @, AH,, A6,
T/K

/R /R /RT /R /kJ + mol ™" /kJ + mol ™!
100 5.144  28.26 4.225 24.04 -98.57 -40.54
200 10.38  33.29 5.887 27.40 -117.1 24.76
298.1517.73  38.75 8.530 30.22 -134.6 98.16
300 17.88  38.86  8.587  30.27 -134.9 99.61
303.5418.17  39.07 8.697  30.37 -135.4 102.5
400 26.01 45.12  11.93  33.19 -150.1 180.2
500 33.23 51.73 15.49  36.23 -162.1 264.2
600 39.24  58.33 18.97  39.37 -171.1 350.3
700  44.19 64.77 22.23 42.54 -177.5 437.8
800  48.31 70.94 25.24 45.71 -181.9 526.5
900 51.76 76.84 28.00  48.84 -184.4 614.6
1000 54.68 82.45 30.52 51.92 -185.3 703.5
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Table 6 Solubilities of adamantane in liquid solvent at 20 °C

colvent adamantane solvent adamantane

mass/ % mass/ %
methanol 0.8 2-butanol 0.8
ethanol 1.1 2-methyl-2-propanol 2.5
propanol 1.5 2-methyl-2-butanol 3.2
butanol 1.0 2-methyl-1-propanol 1.5
pentanol 3.3 2-propylene-1-ol 3.6
hexanol 3.0 cyclopentanol 1.7
heptanol 2.3 cyclo hexanol 3.6
octanol 2.1 benzophenol 4.8
decanol 2.0 aether 8.1
undecanol 1.8 1,4-dioxane 4.7
isopropanol 1.5 methyl acetone 7.6
cyclopentanone 2.1 toluene 0.5
cyclohexanone 4.7 mixed xylene 1.1
Acetic acid 0.5 decahydronaphthalene 5.1
propionic acid 1.8 hexane 8.8
Butylric acid 2.5 1,2 ,4-trimethylbenzene 1.8
benzene 2.3

®7T 25 CEUTERKEMBRBE™'
Table 7 Solubilities of adamantane in liquid solvent at 25 °C

adamantane adamantane
solvent mass/% solvent mass/%
pentane 11.6 carbon Tet. 7
hexane 10.8 m-xylene 9.8
cyclohexane 1.1 p-xylene 9.6
heptane 10.4 o-xylene 9.6
octane 10.0 toluene 9.9
decane 8.9 THF 12
undecane 7.9 benzene 10.9
tridecane 7.3 diesel oil 7.5
tetradecane 7.5 1,3-dimethyladamantane 6
pentadecane 7.1 exo-tetrahydrodicyclopentadiene'’ 15.0"

Note: 1) Tt was obtained through gas chromatogram by us, other data were

from reference[ 19 ].
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Structure Analysis, Solubility and Thermodynamics Properties of Adamantane

LIU Sa', GUO Jian-wei’

(1.

College of Materials Science & Engineering , Southchina University of Technology, Guangzhou 510640, China;

2. Department of Chemical Engineering, Guangdong University of Technology, Guangzhou 510090, China)

Abstract: The characterizing methods of molecular structure and crystal phase of adamantane including XRD, FT-IR, MS, NMR,
EMS,DMS,RAMAN,DSC, etc were introduced in order to foretell adamantane chemistry and its application prospect in energetic
materials. The phase transition behavior of adamantane at different temperature or pressure conditions was discussed as well. Final-
ly, the thermodynamic properties and solubility of adamantane in various of organic solvents were reviewed respectively. The latest
research progress of polynitroadamantanes and polynitroazaadamantanes in HEDM molecular design were also illustrated.

Key words: physical chemistry; adamantane; structure; solubility; thermodynamic property

%a&sleﬁk:s‘esk:eé%%

Yk - -k
NS IS IS IS AN NN

54

il

2006 4F TR A& AT 1Y K0 AT L ZR R BT A TS RUBH] R A AT, 2 B, A g 55 8 4 1] T 21 456 o i A (1A

DUE PR T ) Bl !

ZIR aAR%E KAER ¥k % KEX K
# 7 HBEL X A BHEEF EFHEL OBERT OHE &
HeE HER & E &Kkt AnA Zak ML
WEp AHHA AREF T W ERR O wHKE HIEH
AF 45 ERE ERE EEK FEER F4L FLTR
FHmy FHRR FERME FEE MNEAR NEEk ARHE
EHF F K FFE GEKR RALE FERE OFTHI
HFohm FAW RER RS ZHL ALH KRB
FHigle et RER RELE RHER RAMK HEAS
HigAk W F OE KB E R OEIFH I FE ENK
Ep¥ X R O EXE EET HIEF HALE EXHE
Wask B W MEF BRA B B HAH HERE
ARER KREA OKRFHK K F oKEBL RKuE KEL
BMRAA REH Rk REH RHFHE RLHE REH
AEw RAwd AzZX RAdET fAk% F H £ %

&k TmEr HAE BREHE OBAER R —
HEW BERPF R Huk LKE DA
T 2 AT3R B B WMmE HARR R
EEN EBR BHES F W BHEBE EAN
EHE F W EFF5 Fus FEX F4E
HFEF AN NEHE N F M Fhe AR
FK FEEFE LEF AHUE ABE KRAM
ARk AEA £ E #mu kX Bk
oA ®EZE FLM BEAE BRXHF WRR
IEE EIH/% EFHF4 E#x EahL Zwr)
FHE ExKk & K K N EME HRR
oA FER T N ARE AAR HXA
KRR A% R WM OKRKE KREE R %
ok A & ARA ALEX A K OAYR

& R AL RL ) 4 350
“OO0ONR%E+T—H



