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Table 1 Densities[p/(g - cm ™) ] and apparent molar volumes| Var/( cm® - mol ™) ]
for arabinose in water and in aqueous HCI solution

m/ (mol « kg’l) 278.15 K 288.15 K 298.15 K 308. 15 K 318.15 K

Mpc) my m’f\' P VCD,A P V(T),A P VCD,A P V(T),A P V(T),A
0.0000 0.2000 1.011556 91.11 1.010463 92.28 1.008217 93.33 1.005027 94.34 1.001100 95.21
0. 4000 1.022710 91.19 1.021358 92.45 1.018949 93.43 1.015564 94.50 1.011497 95.38

0. 6000 1.033418 91.33 1.031884 92.49 1.029233 93.58 1.025700 94.60 1.021507 95.46

0. 8000 1.043773  91.37 1.041984 92.59 1.039164 93.65 1.035453 94.68 1.031165 95.50

1. 0000 1.053617 91.57 1.051620 92.77 1.048609 93.85 1.044857 94.75 1.040379 95.64

1. 2000 1.063198 91.64 1.061005 92.83 1.057859 93.87 1.053862 94.86 1.049378 95.64

0.2000 0.2000 0.1985 1.015262 91.24 1.014048 92.47 1.011695 93.54 1.008478 94.48 1.004568 95.30
0.4000 0.3971 1.026290 91.32 1.024850 92.53 1.022308 93.59 1.189350 94.52 1.014876 95.40

0.6000 0.5956 1.036907 91.39 1.035226 92.63 1.032483 93.71 1.028976 94.61 1.024807 95.44

0.8000 0.7942 1.047111 91.50 1.045176 92.77 1.042294 93.79 1.038638 94.69 1.034328 95.55

1.0000 0.9928 1.056892 91.64 1.054777 92.86 1.051678 93.93 1.047867 94.85 1.043489 95.64

1.2000 1.1913 1.066370 91.72 1.063987 92.98 1.060824 93.95 1.056853 94.89 1.052320 95.72

0.4000 0.2000 0.1971 1.018821 91.36 1.017493 92.67 1.015063 93.70 1.011793 94.63 1.007879 95.45
0.4000 0.3942 1.029719 91.45 1.028157 92.72 1.025527 93.80 1.022129 94.65 1.018068 95.52

0.6000 0.5914 1.040205 91.54 1.038360 92.89 1.035593 93.88 1.032006 94.82 1.027871 95.59

0.8000 0.7885 1.050275 91.66 1.048224 92.96 1.045298 93.94 1.041568 94.87 1.037261 95.71

1.0000 0.9856 1.059975 91.77 1.057719 93.04 1.054597 94.05 1.050768 94.93 1.046346 95.77

1.2000 1.1828 1.069271 91.92 1.066830 93.15 1.063569 94.14 1.059583 95.04 1.055059 95.86

0.7000 0.2000 0.1950 1.024093 91.62 1.022607 92.86 1.020084 93.89 1.016685 94.79 1.012753 95.70
0.4000 0.3901 1.034762 91.78 1.033090 92.91 1.030348 94.03 1.026826 94.87 1.022761 95.75

0.6000 0.5850 1.045071 91.83 1.043158 93.01 1.040233 94.11 1.036604 94.90 1.032406 95.78

0.8000 0.7802 1.054973 91.92 1.052815 93.14 1.049742 94.19 1.045985 94.99 1.041673 95.84

1.0000 0.9751 1.064445 92.08 1.062102 93.27 1.058881 94.29 1.055053 95.04 1.050627 95.88

1.2000 1.1701 1.073656 92.14 1.071074 93.36 1.067744 94.33 1.063745 95.13 1.059194 95.98

1.1000 0.2000 0.1923 1.030907 91.81 1.029128 92.92 1.026472 94.10 1.022988 94.88 1.019031 95.78
0.4000 0.3846 1.041359 91.94 1.039430 92.91 1.036543 94.14 1.032922 94.96 1.028850 95.79

0.6000 0.5769 1.051430 92.02 1.049287 93.06 1.046262 94.16 1.042501 95.00 1.038298 95.84

0.8000 0.7691 1.061227 92.13 1.058858 93.22 1.055713 94.23 1.051849 95.03 1.047527 95.86

1.0000 0.9614 1.070390 92.28 1.067882 93.32 1.064572 94.33 1.060551 95.17 1.056132 95.98

1.2000 1.1537 1.079376 92.36 1.076654 93.44 1.073216 94.42 1.069068 95.26 1.064614 96.01

1.6000 0.2000 0.1890 1.039141 92.32 1.037117 93.16 1.034213 94.21 1.030668 95.05 1.026675 95.92
0.4000 0.3780 1.049270 92.41 1.047101 93.24 1.043997 94.34 1.040343 95.12 1.036218 95.98

0.6000 0.5670 1.059014 92.52 1.056676 93.39 1.053459 94.36 1.049644 95.21 1.045448 95.98

0.8000 0.7559 1.068418 92.59 1.065858 93.56 1.062537 94.46 1.058607 95.29 1.054299 96.06

1.0000 0.9449 1.077497 92.64 1.074785 93.60 1.071248 94.57 1.067212 95.38 1.062798 96. 16

1.2000 1.1338 1.086146 92.80 1.083305 93.72 1.079646 94.67 1.075564 95.42 1.070985 96.25

2.1087 0.2000 0.1857 1.047206 92.51 1.044820 93.38 1.041791 94.46 1.038146 95.17 1.034117 96.03
0.4000 0.3715 1.057044 92.68 1.054533 93.48 1.051344 94.49 1.047581 95.24 1.043434 96.06

0.6000 0.5571 1.066539 92.75 1.063851 93.63 1.060512 94.61 1.056663 95.31 1.052422 96.09

0.8000 0.7429 1.075685 92.82 1.072839 93.71 1.069376 94.65 1.065373 95.42 1.061036 96.18

1.0000 0.9286 1.084416 92.99 1.081447 93.85 1.077921 94.70 1.073745 95.54 1.069324 96.28

1.2000 1.1144 1.092910 93.06 1.089779 93.94 1.086061 94.85 1.081885 95.58 1.077366 96.32
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Table 2 Densities of aqueous HCI solution and apparent molar volumes( Vy, y) for HCI in aqueous solution

278.15 K 288.15 K 298.15 K 308.15 K 318.15 K

1% Vo na/ o/ Vo ua/ o/ Vo ua/ 1% Vo, ua/ 1% Vo na/
(mol-kg ") (g-cm

mycy/

- (cm® -mol ~1) (g-cm ™) (cm® -mol =) (g-em™?) (cm® -mol =) (grem ™) (cm® -mol =) (grem ™) (cm® -mol ~1)
0. 2000 1. 003808 17.17 1. 002827 17.74 1. 006690 18.26 0.997614 18. 47 0. 993835 18.45
0. 4000 1. 007491 17.45 1. 006415 18. 04 1.004173 18.51 1. 001061 18.76 0. 997276 18.76
0. 7000 1. 012970 17. 65 1.011721 18.20 1. 009384 18. 60 1. 006137 18.94 1. 002351 18.95
1. 1000 1. 020025 17.87 1.018454 18.51 1.016013 18. 86 1. 012654 19. 19 1. 008841 19.22
1 1 1
1 1 1

1. 6000 . 028605 18. 04 . 026733 18. 67 . 024014 19.10 1. 020605 19.35 1. 016749 19. 41
2. 1087 . 036952 18.25 . 034721 18.90 . 031880 19.28 1. 028345 19. 54 1. 024448 19. 60

2.2 FRERMERER
S R /K Bk R T ) SR WUBE ZR PR AR HL 5 R Rk B 2 [T G 2T R s
VtIJ,A = V(J;L,A + Svmﬁ' (2)
b, Vo A BEREME T 7K SRR r A R WL R AR (BR i R WLEE AR AR ) | TEB(E b 55 T HARE
B ZRARRR s S\ R SEB R, IR BT BRI A B OC R AR L. m) S BEBEREAE HCL + W IR &35
R ek B R VR B (S Xl =TT AR R Th A T SR A T R b R R A EEORBO N m) = my /(1 +
0. 001 mye, My, ) . FUHSEEEAE , M/ — ek (2) a3 vy S S RIME, 9173 3.

Table 3 Standard apparent molar volumes( V;,’, ) for arabinose and in HCI aqueous solution

278.15 K 288.15 K 298.15 K 308.15 K 318.15 K

mua/
Ve s/ Sy /(em? Ve Sy /(cm? Ve s/ Sy /(cm?- Ve s/ Sy /(cm?- Ve, Sy/em’-

(mol-kg 1)

(em®+mol =" mol~%kg) (ecm* mol =) mol"%kg) (cm* mol~") mol %kg) (cm* mol~") mol %kg) (cm*+mol~") mol 2kg)
0 90.99+0.03 0.54+0.04 92.19+0.04 0.54+0.05 93.21+0.04 *0.58+0.05 94.27+0.03 0.49+0.03 95.17+0.04 0.43x0.05
0.2000 91.12+£0.02 0.50+0.03 92.34+0.02 0.53+0.03 93.43+0.03 0.46+0.04 94.36+0.03 0.45+0.04 95.21+0.01 0.43+0.02
0.4000 91.23+0.02 0.56+0.02 92.56+0.02 0.50+0.03 93.62+0.01 0.43+0.02 94.53+0.03 0.42+0.04 95.36+0.01 0.43%0.02
0.7000 91.53+0.03 0.53+0.04 92.72+0.03 0.54+0.03 93.83+0.02 0.44+0.03 94.72+0.01 0.34+0.02 95.63+0.02 0.28+0.02
1.1000 91.70£0.01 0.57+0.02 92.75+0.04 0.58+0.06 94.01+0.03 0.32+0.04 94.79+0.03 0.38+0.04 95.70+0.03 0.26+0.04
1.6000 92.23+0.02 0.47+0.03 93.04+0.03 0.61+0.04 94.12+0.03 0.47+0.03 94.97+0.01 0.42+0.02 95.83+0.03 0.34+0.05
2.1087 92.43+0.03 0.57+0.04 93.27+0.01 0.61+0.02 94.37+0.03 0.40+0.04 95.07+0.02 0.47+0.03 95.94+0.03 0.34+0.04

# Reference value 93,2181,
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Table 4 Volumetric interaction parameters for arabinose-HCI in water

T/K 20Vp/(em® - kg » mol %) 302V /(em® < kg - mol 73) 3wV /(em® « kg2 - mol ™) o/(em® + mol™") R

278. 15 0.720 0. 033 -0.005 £0.016 -0.023 £0.023 0.057 0. 993
288. 15 0.707 0. 044 -0.097 £0.022 0.011 0. 031 0.077 0.974
298. 15 0.827 0. 037 -0.130 £0.018 -0.124 £0.025 0. 064 0.979
1.422 +0. 052¢
12.917 +0. 623°
308. 15 0.519 0. 030 -0.055 £0.014 -0.063 =0.021 0. 052 0.979
318.15 0.530 0. 037 -0.070 £0.019 -0.079 £0.026 0. 066 0. 960
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Fig.2 Variation of Vﬁy 4 for arabinose in aqueous
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FERFSE Vg, Vi M Vi A, R 4 7T LU, ANFEEE T Vo M Vi A IEA T, H Vo M
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BUHEAERSE Vo WAR/NWIEAE , I HL R AR AR, 2R BB e 1 W -5 50 R 1% %o A B AR X
BRBURIEDTAR. X5 845 A HCL X HABUH B/ I 280 Vi R — 80 SRR 298. 15 K i,
B IEEEREAE HCL, NaCl Fl CsCL /KA Vi JEHRIG R (W3 4) , RV, SRR e+
NFEH K, ARG H S TRRFEAY 22K ABAEFH L Na* F Cs * X BE4> T 1055,

M2 1 A28 3 ADUER R, E7K A ol — s Ve J3E 10 R TR AV v AR g AR 11 2 UL I8 R A R URII s o 2 YR
IRPARRRIS IR FE A T T3 K. Bernal 26 BIRS TN | 4514060 1 R S0 S5 A K U T P IR I, 4521
FH, 7 288. 15 ~328. 15 K i [l A Lol () i FR 2 LB IR (R R S5 R B i 5C R T T R U

Ve, = by +b,(T-273.15 K)* (5)
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FROEAE, LLby, b, e HILESEF(5) AT EIE, S50 FRW, 1T RN LRI o (H7E
0.66 ~0.99 Z[a]. [H5E ¢ [HHATLIE G K],

96
o 95F R EE ¢ =0. 84 B, FEFTHFST A0 R R e 115 Bl Y
HE! LA BRAER 22 AT N, TR, 45 B e £ 2
g 93 F B Ve SIRE T Z R CRFRUT
£ oo} Ve = by + b (T-273.15K)"%  (6)
= BD Ve, SIREE (T -273. 15K) ¥ RGP K R

Y e (F3), WADRIITFRS. £5 hSdREN, 7

Fig.3 Variation of ij’ , for arabinose in different g by Gl by Y57 B 1 e JEE 9 R /0. A A X

HCI solutions with the change of temperature (6) ATRABEINAE 278. 15 ~318. 15 K SR R ]

mie/ (mol  kg=') : a. 0.0000; b. 0.2000; c. 0.4000; M BEEEREROBRHEFLEE IR, I AE HAT — € 1 5
d. 0.7000; e. 1.1000; £ 1.6000; g. 2. 1087. .

Table 5 Coefficients of equation (6) for arabinose in water and HCI solutions

myg/ (mol « kg™1) by/ (em? « mol 1) b,/ (cm? + mol - KO8%) ¢ R o/(em® « mol 1)
0. 0000 90.20 +£0.03 0.2035 0. 0018 0. 84 0. 99989 0. 02884
0.2000 90. 39 +0. 06 0. 1991 +0. 0035 0.84 0. 99955 0.05614
0. 4000 90. 55 +0. 09 0. 1999 +0. 0059 0.84 0.99872 0. 09502
0. 7000 90.79 £0.05 0. 1990 +0. 0029 0. 84 0. 99969 0. 04656
1. 1000 90.94 £0. 10 0. 1958 +0. 0064 0. 84 0. 99843 0.10314
1. 6000 91.45 +0.10 0. 1776 +0. 0061 0.84 0. 99826 0. 09833
2.1087 91.71 £0. 09 0. 1718 +0. 0058 0.84 0. 99829 0. 09445

FIH(6) ZRATFARIESF I AR EE AR IR R B (Vg ,/0T) , (S T4 6.
HiZR6 AIUL: (1) (9Vy ,/0T), NIEE, HEEREM TSR, (2) E—ERE T, HERE HC
VR E PR B T A s/ X AR A K A R B Bt JRL B8 (4 T M HCL Y JEE A 38 i/ Bt 308 Y
Thir, s Faash i, SRR EH 5 A i K SR AR 22 BORAIN  7KAR 2 5 38 5 RS A 50 AH B sl 55
(Ve /0T, BEAE UL A3 h st N S A
Table 6 Standard partial molar isobaric expansion coefficients (8V§Y »/8T) , for arabinose
in HCI solution with different concentrations at 7' =278.15—318.15 K

((T)VgA/E)T)p/(cm3 ~mol ™! - K1)

/(mol - kg~!
mipci/ (mol + kg ™) 278.15 K 288. 15 K 208. 15 K 308. 15 K 318.15 K

0. 0000 0. 1321 +0. 0012 0.1108 0. 0010 0. 1021 +0. 0009 0. 0968 +0. 0009 0. 0930 +0. 0008
0. 2000 0. 1293 +0. 0023 0. 1084 +0. 0019 0.0999 +0. 0018 0.0947 +0. 0017 0.0910 0. 0016
0. 4000 0. 1298 +0. 0038 0. 1089 +0. 0032 0. 1003 +0. 0030 0.0951 +0. 0028 0. 0913 +0. 0027
0. 7000 0. 1292 +0. 0019 0. 1084 +0. 0016 0. 0999 +0. 0015 0.0946 +0.0014 0. 0909 +0. 0013
1. 1000 0. 1271 +0. 0042 0. 1066 +0. 0035 0. 0983 +0. 0032 0. 0931 +0. 0030 0. 0895 +0. 0029
1. 6000 0. 1153 +0. 0040 0.0967 +0. 0033 0. 0891 +0. 0031 0. 0845 +0. 0029 0.0811 +0. 0028
2. 1087 0. 1116 +0.0038 0.0936 +0. 0032 0. 0862 +0. 0029 0.0817 +0. 0028 0. 0785 +0. 0027

Li LA, 7E— @ BRI, BN LR A ER TR P A SR UL IR A B B A 5198 S e) Je 1
W RYIEANTIIE O, SRWIE S HCL A EAE A R AR B B STHOY IE (. A RERERE AN HCL A4 X AR .
YERS BN/ IESE, JF BLREE IR AR AAN . R £ Eh R b i bR vl R LB AR IR vy SR
JETZMMEREIRN: Vo =by +b, (T -273.15)"%. H BLARAT A b v 45 6 A B8 JR B ik 2R 5
(Vg /9T) , H9IEAE HBEH B B T i)y s[RI E— el BE N, BB HCL 7 J5E 03 18 T A ik
/N TR A 7 TR B2 B A UL RE Y T e A1 HC € B2 B S T /).

2 % X M

[1] Zhang Q. F., Yan Z. N., WangJ. J., et al.. J. Chem. Thermodyn. [J], 2006, 38. 34—42
[ 2] Nagai R., Deemer E. K., Brock J. W., et al.. Ann. N. Y. Acad. Sci. [J], 2005, 1043 . 146—150



968 HEFRMALFEFR Vol. 29

[ 3] Erdinc N., Gokturk S., Tuncay M. , et al.. J. Pharm. Sci. [J], 2004, 93. 1566—1576

[ 4] Mertinez-Andreu A. , Vercher Q. , Pena M. P. , et al.. J. Chem. Eng. Data[J], 1999, 44(1) . 86—92

[ 5] Millero F. J.. Chem. Rev.[J], 1971, 71(2): 147—176

[6] ZHUO Ke-Lei( H354) , ZHANG Qiu-Fen( 7KFkZF) , XUAN Xiao-Peng(#T/MJ]) , et al.. Acta Chim. Sinica(fb4R%)[J], 2006,

64(16): 1635—1641

[7] XU Li(##i), WANG Xu( FJB), MA Lin(Z#) , et al.. Chem. J. Chinese Universities( ¥ %tk 241 [ 1], 2006, 27(8) :
1549—1551

[ 81 Morel J. P., Lhermet C. , Morel-Desrosiers N.. Can. J. Chem. [J], 1986, 64(5) : 996—1001

[ 9] Morel J. P., Lhermet C.. Can. J. Chem.[]J], 1985, 63(10) : 2639—2643

[10] Rongere P. , Morel-Desrosiers N. , Morel J. P., et al.. J. Chem. Soc. , Faraday Trans. [J], 1995, 91. 2771—2777

[11] Zhuo K. L., Wang J. J., Zhou J. G., et al.. J. Phys. Chem. B[J], 1997, 101(17) . 3447—3451

[12] Zhuo K. L., WangJ. J., Cao Y. L., etal.. J. Phys. Chem. B[J], 1998, 102(18) . 3574—3577

[13] Zhuo K. L., Wang J. J., Zhang Q. F. , et al.. Carbohydr. Res.[]J], 1999, 316(1—4) . 26—33

[14] WangJ. J., Zhuo K. L., Zhang Q. F., et al.. Can. J. Chem.[J], 1999, 77(2) : 232—236

[15] WangJ. J., Zhuo K. L., Zhang Q. F., et al.. J. Chem. Soc. Faraday Trans.[J], 1998, 94 3359—3363

[16] Zhuo K. L., Wang J. J., Yue Y. K., et al.. Carbohydr. Res. [J], 2000, 328(3) ; 383—391

[17] Zhuwo K. L.. J. Phys. Chem. B[J], 2005, 109(15) : 7460—7462

[18] Goldberg R. N.. J. Phys. Chem. Ref. Data[J], 1989, 18 809—880

[19] McMillan W. G., Mayer J. E.. J. Chem. Phys.[J], 1945, 13: 276—306

[20] Jiang Y. C., Hu M. C., Wang J. I, et al.. J. Chem. Thermodyn. [J], 2004, 36 671—676

[21] Gurney R. W.. lonic Processes in Solution[ M], New York; Dover Publication Inc. , 1962

[22] LiS. Q.,HuX. G.,LinR. S., etal.J. Solut. Chem.[J], 2001, 30(4) ; 365—373

[23] Bernal P. J., Hook W. A. V.. J. Chem. Thermodyn. [J], 1986, 18 955—968

-y

Volumetric Properties of the Interaction of Arabinose with HCI
Aqueous Solution at Different Temperatures

ZHUO Ke-Lei'® , LIU Yao-Hui! , ZHANG (;)iu-l:‘en2 , LIU Hong-Xunl , WANG Jian-Ji!
(1. School of Chemistry and Environmental Science, Henan Normal University, Xinxiang 453007, China;
2. Department of Material and Engineering, Luoyang Institute of Science and Technology, Luoyang 471003, China)

Abstract The interactions of electrolytes with saccharides are very important not only in exploring the stabili-
ty of polysaccharides in biological systems but also in the chemical industry of saccharides and in the treatment
of waste walter containing saccharides. In this work, the density data were measured for arabinose + HCI + wa-
ter at 10 K intervals from 278. 15 to 318. 15 K. The apparent molar volumes(V,, , ) and standard apparent mo-
lar volumes( Vg ,) for arabinose in hydrochloric acids(0. 2—2. 1087 mol/kg) were calculated. Volumetric in-
teraction parameters of arabinose with HCl in water were also evaluated. The apparent molar volumes and
standard apparent molar volumes for arabinose in aqueous HCI solutions increase lineally with increasing
molality of HCl. At a given temperature, the standard transfer apparent molar volumes ( A,VIB,L' ») of arabinose
from water to aqueous HCI solutions are positive and increase with increasing molality of HCI. In the tempera-
ture range studied, the relationship between( Vg ,) for arabinose and temperature is as follows: Vg , = b, +
b, (T -273.15)"*. Pair volumetric interaction parameters of arabinose with HCI in water( V) are more than
zero and vary slightly with the change of temperatures.

Keywords Arabinose; Hydrochloric acid; Density; Apparent molar volume; Standard partial molar isobaric

expansion coefficient
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