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Abstract Densities have been measured for glucose+HCI+water at 10 K intervals from 278.15 to 318.15
K. The apparent molar volumes ( Vo g ), standard partial molar volumes (V. ) for glucose in aqueous solu-
tion of 0.2, 0.4, 0.7, 1.1, 1.6, 2.1 mol°kg71 HCI have been calculated as well as volumetric interaction pa-
rameters (Vgg) for glucose-HCI in water and standard partial molar expansion coefficients (0Vq./0T) I
Results show that (1) the apparent molar volumes for glucose in aqueous HCI solutions increases lineally
with increasing molality of glucose and HCI; (2) ng)’G for glucose in aqueous HCI solutions increases lin-
eally with increasing molality of HCI; (3) the volumetric interaction parameters for glucose-HCI pair in wa-
ter are small positive and vary slightly with temperature; (4) the relation between ng)’G and temperature
exists as Vq(,)’G:aO—i- a,(T—273.15 K)*?; (5) values of (9 Vo /0T) » are positive and increase as tempera-
tures rise, and at given temperatures decrease slightly with increasing molalities of HCI, indicating that the
hydration of glucose decreases with increasing temperature and molality of HCI. These phenomena are in-
terpreted successfully by the structure interaction model.
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Table 1 Densities (p) and apparent molar volumes (V4 ) for glucose in water and in aqueous HCl solutions

278.15 K 288.15 K 298.15 K 308.15 K 318.15K

mg/ my /

/ Voo / Voo / Voo / Vool / Vool
(molekg™") (molskg™ ") P *0 p G P .G P .G P .G

(g-cmﬁ) (cm3-molfl) (g-cmﬁ) (cm3-m0171) (g-cnf}) (cm3-m0171) (g-cm73) (cm®smol 1) (g-cm73) (cm3-m0171)

e =0.0000 molekg ™"

0.2000 1.013751 109.71 1.012680 110.78 1.010457 111.72 1.007279 112.69 1.003411 113.29
0.4000 1.026932  109.78 1.025620 110.95 1.023225 111.91 1.019941 112.74 1.015939 113.48
0.6000 1.039427 110.05 1.037882 111.25 1.035414 112.05 1.032003 112.88 1.027867 113.67
0.8000 1.051437 110.15 1.049671 111.36 1.047019 112.23 1.043445 113.11 1.039262 113.81
1.0000 1.062842 110.34 1.060879 111.53 1.058048 112.45 1.054381 113.28 1.050131 113.97
1.2000 1.073735 110.53 1.071595 111.69 1.068648 112.58 1.064816 113.46 1.060512 114.12

mpci=0.2000 molekg '
0.2000  0.1985 1.017426 109.89 1.016226 111.06 1.013922 111.90 1.010720 112.78 1.006835 113.50
0.4000 03971 1.030422 110.04 1.028960 11132 1.026494 11220 1.023164 113.05 1.019204 113.70
0.6000  0.5956 1.042794 11023 1.041112 111.48 1.038492 112.38 1.035058 113.18 1.030997 113.85
0.8000  0.7942 1.054623 11038 1.052749 111.59 1.049989 112.48 1.046462 113.25 1.042296 113.94
1.0000  0.9928 1.065903 110.56 1.063841 111.74 1.060915 112.65 1.057257 113.44 1.053060 114.08
12000  1.1913 1.076749 110.67 1.074513 111.82 1.071414 112.76 1.067685 113.52 1.063373 114.19
e =0.4000 molekg ™"
0.2000  0.1971 1.020948 110.09 1.019659 11121 1.017257 112.12 1.014012 112.94 1.010130 113.62
0.4000 03943 1.033818 110.16 1.032257 111.44 1.029700 11234 1.026337 113.14 1.022331 113.89
0.6000  0.5914 1.046094 11032 1.044329 11151 1.041635 11239 1.038133 113.22 1.034038 113.94
0.8000  0.7885 1.057747 110.52 1.055747 111.76 1.052923 112.63 1.049320 113.43 1.045217 114.04
1.0000  0.9856 1.068945 110.64 1.066778 111.84 1.063776 112.75 1.060078 113.52 1.055843 114.20
12000  1.1828 1.079635 110.80 1.077286 111.97 1.074192 112.84 1.070372 113.63 1.066046 11431
muci=0.7000 molekg '
0.2000  0.1950 1.026193 110.34 1.024728 111.48 1.022228 11242 1.018870 113.13 1.014969 113.91
0.4000 03901 1.038805 11049 1.037124 111.64 1.034453 112.61 1.031011 11326 1.026976 114.10
0.6000  0.5851 1.050868 110.59 1.048959 111.78 1.046130 11274 1.042581 11342 1.038471 114.18
0.8000  0.7801 1.062348 110.77 1.060225 11196 1.057318 112.82 1.053679 113.50 1.049441 114.28
1.0000  0.9751 1.073323 11093 1.071038 112.07 1.067960 112.97 1.064201 113.68 1.059933 114.39
12000  1.1702 1.083898 111.01 1.081397 112.17 1.078236 113.02 1.074433 113.69 1.070094 11438
mpc=1.1000 molekg ™"
0.2000  0.1923 1.032948 110.63 1.031169 11175 1.028579 112.62 1.025117 11331 1.021204 114.01
0.4000 03846 1.045288 110.74 1.043307 111.86 1.040554 112.78 1.037026 113.38 1.032952 114.25
0.6000  0.5769 1.057063 110.89 1.054904 11197 1.051977 112,93 1.048353 113.56 1.044188 114.37
0.8000  0.7692 1.068282 111.07 1.065974 112.10 1.062891 113.06 1.059189 113.68 1.054963 114.43
1.0000  0.9615 1.079072 111.16 1.076566 11222 1.073365 113.15 1.069564 113.79 1.065212 114.57
12000  1.1537 1.089374 11128 1.086712 11233 1.083408 11322 1.079544 113.85 1.075173 114.56
myci=1.6000 molekg '
0.2000  0.1890 1.041150 111.05 1.039113 111.97 1.036257 112.80 1.032728 113.58 1.028781 114.25
0.4000 03779 1.053124 111.18 1.050897 112.18 1.047919 112.98 1.044298 113.70 1.040222 114.47
0.6000  0.5669 1.064577 11129 1.062188 11227 1.059067 113.10 1.055361 113.79 1.051206 114.52
0.8000  0.7560 1.075530 11140 1.072954 112.41 1.069800 113.12 1.066004 113.81 1.061685 114.62
1.0000  0.9448 1.085975 111.54 1.083290 11249 1.079937 11330 1.076032 114.01 1.071666 114.77
12000  1.1339 1.096013 111.64 1.093165 112.61 1.089724 113.39 1.085743 114.09 1.081323 114.81
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e
M 278.15K 288.15K 298.15 K 308.15K 318.15K
mg/ mg /
o Voo o Voo e Voo el Voo el Voo

(molskg™") (molskg™")

(geem™?) (em’smol ") (geem ) (em’smol ") (geem ) (em’smol ") (geem ) (emPemol ) (geem ) (cmPemol )

mpc=2.1087 molekg ™'

0.2000 0.1857 1.049174 111.23 1.046792 112.11 1.043823 112.90 1.040167 113.70 1.036181 114.36
0.4000 0.3715 1.060833  111.38 1.058300 112.27 1.055182 113.12 1.051456 113.80 1.047371 114.50
0.6000 0.5572  1.071998 111.47 1.069307 11238 1.066031 113.28 1.062287 113.83 1.058058 114.62
0.8000 0.7428 1.082598 111.68 1.079785 112.55 1.076432 113.37 1.072546 114.02 1.068219 114.81
1.0000 0.9286 1.092784 111.80 1.089858 112.65 1.086359 113.50 1.082444 114.10 1.078039 114.86
1.2000 1.1144 1.102636 111.84 1.099545 112.72 1.095974 113.53 1.091902 114.20 1.087536 114.834
®2 R HCLAE K R RARFR (Vo nar)
Table 2 Densities of aqueous HCI solutions and apparent molar volumes (Vg yic) for HCI in aqueous solutions
- 278.15K 288.15K 298.15K 308.15K 318.15K
(molekg™") A Youa/ o Voua/ Vosc/ pl Voua/ 2 Vo nc /
(geem™?) (em’smol™") (geem ) (cm’smol™!) (geem ™) (cmemol™!) (geem™) (ecm’emol”") (geem ™) (cm’emol ')
0.2000  1.003803 17.20 1.002827 17.74 1.00669 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
1.6000  1.028605 18.04 1.026733 18.67 1.024014 19.10 1.020605 19.35 1.016749 19.41
2.1087  1.036952 18.25 1.034721 18.90 1.031880 19.28 1.028345 19.54 1.024448 19.60
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Table 3 Standard partial molar volumes (VCS,G ) for glucose in aqueous and in aqueous HCI solutions
y 278.15K 288.15K 298.15K 308.15K 318.15K
myci
(molekg ) Voo /! Syl Vag ! Syl Vo ! Sy Voo /! Syl Vag ! Syl
(ecm’smol ') (cm’smol *+kg) (cm’*mol ') (cm’*mol %kg) (cm’smol ') (cm’smol Zekg) (cm’*mol ') (cm’smol *+kg) (cm’smol ') (cm’smol Zekg)
110.6210.04
109.5040.04 » 111.554+0.05
0 109.5° 0.8410.05 110.3 0.9240.05 115 0.87£0.03 112.46£0.05 0.81£0.07 113.15£0.04 0.82+0.04
' 110.9° ’

0.2000 109.73£0.02 0.81£0.03 110.98+£0.05 0.75+0.07 111.81£0.06 0.83+0.08 112.71£0.05 0.71£0.07 113.41£0.03 0.6710.04

0.4000 109.90£0.03 0.75+0.04 111.10£0.04 0.76+0.06 112.01£0.04 0.73+0.06 112.84+£0.03 0.69+0.04 113.55£0.05 0.64+0.07

0.7000 110.20£0.02 0.71£0.03 111.36£0.02 0.72+0.03 112.34£0.04 0.62+0.05 113.04£0.04 0.60+0.05 113.87£0.05 0.4940.06

1.1000 110.49£0.02 0.70£0.03 111.63£0.01 0.61+0.01 112.54%0.03 0.63+0.04 113.19£0.03 0.60+0.04 113.99+£0.07 0.5620.09

1.6000 110.93+£0.01 0.63+0.01 111.90£0.06 0.64+0.04 112.72+£0.04 0.60+0.05 113.48+£0.04 0.53+0.05 114.19£0.04 0.58+0.06

2.1087 111.12+0.04 0.694+0.06 112.01+0.03 0.68+0.04 112.85+0.06 0.67+0.08 113.58+0.03 0.55+0.04 114.2940.06 0.57+0.09

“ ref. [20]. ° ref. [21]. © ref. [9].
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Figure 1 Variation of standard partial molar volumes V£,G
for glucose in aqueous HCI solutions with molality of HCI at
different temperatures
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& 4 HCI-HEBELE KRB AR BUR AR 2 5
Table 4 Volumetric interaction parameters for glucose-HCl in water
2v VEN/ 3 V2 VEEN/ 3y VENN/ o/
K 3 -2 30002 -3 30102 -3 3 -1
(cm’ekgemol °) (cm’ekgemol ~) (cm’skg mol ~) (cm’smol )
278.15 1.01£0.03 —0.100£0.02 —0.130£0.02 0.06 0.993
288.15 1.10£0.04 —0.188£0.02 —0.1941£0.02 0.07 0.983
298.15 1.10£0.04 —0.214£0.02 —0.176£0.02 0.06 0.982
308.15 0.81£0.03 —0.119£0.02 —0.183+0.02 0.07 0.967
318.15 0.91£0.02 —0.153£0.02 —0.194+0.03 0.06 0.986

#£5 R(6):Vao=arta(T—273.15 K)* [ EE

Table 5 Coefficients of equation (6): V£,G=ao+

@ (T—273.15 K)° for glucose in water and HCI solutions

myci/(molekg™") a/(cm’mol ™) a/(cm®smol 'K ??) c R o/(cm’smol ")
0.0000 108.36£0.06 0.3790£0.0065 2/3 099955 0.05001
0.2000 108.64£0.05 0.3777+£0.0061 2/3  0.99962 0.04626
0.4000 108.81£0.01 0.3756£0.0016 2/3  0.99997 0.01223
0.7000 109.10£0.06 0.3745£0.0065 2/3  0.99956 0.04932
1.1000 109.46£0.06 0.3556£0.0069 2/3  0.99944 0.05256
1.6000 109.90£0.06 0.3353£0.0070 2/3 099935 0.05339
2.1087 110.09£0.081 0.3270£0.0094 2/3  0.99877 0.07168

R 6 HAEREAAHRI R D ARAE AR S5 K R Va6 /9T),

Table 6 Standard partial molar isobaric expansion coefficients
peratures from 278.15 to 318.15 K

(an’G /9T) » for glucose in HCI with different concentrations at tem-

myci/ (@Va. /9T) p/(cm*smol 'sK ") at given temperatures
(mol'kgil) 278.15 K 288.15K 298.15 K 308.15 K 318.15 K
0.0000 0.147840.0025 0.102540.0018 0.086440.0015 0.077240.0013 0.07104+0.0012
0.2000 0.1473+0.0024 0.1021+0.0017 0.0861+0.0014 0.077040.0012 0.0708+0.0011
0.4000 0.146410.0006 0.1015+0.0004 0.0856+0.0004 0.076610.0003 0.07044-0.0003
0.7000 0.1460+0.0025 0.1012+0.0018 0.085440.0015 0.076340.0013 0.070240.0012
1.1000 0.138640.0027 0.0961+0.0019 0.0811%0.0016 0.07254+0.0014 0.066710.0013
1.6000 0.130740.0027 0.0906+0.0019 0.0765+0.0016 0.068310.0014 0.062940.0013
2.1087 0.127540.0037 0.0884+0.0025 0.074610.0021 0.06661+0.0019 0.061340.0018
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