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Consideration on Volume Change in Diluting Binary Aqueous Solutions, Part 1

— Derivation of Estimating Equation and its Application to Aqueous D-Glucose and Sucrose Solutions —

NAKAGAWA Tetsuo

Abstract

When a binary solution, which is composed of a solute and a solvent, is diluted with its solvent, volume is not
conserved; the total volume of an original solution and an added solvent is not equal to that of its diluted
solution. This phenomenon is well known, however, it has been never quantitatively discussed from the
viewpoint of science education. In this paper, the method of estimating the volume of a diluted binary solution
is first derived. The volume of a diluted solution is obtained from volumes and densities of an original solution
and an added solvent and from the density of the diluted solution. Densities of the original and diluted
solutions are calculated using an empirical equation, which is a power function of the mass fraction of a solute.
Successively, our method is applied to D-glucose and sucrose aqueous solutions in order to examine volume
changes in diluting these solutions with water at 20 °C. The concentration ranges of original D-glucose and
sucrose aqueous solutions are 0-0.6000 and 0-0.8000 mass fractions of solutes respectively. The volume ratios
of the original solution to the added solvent are 1.000 mL: 5.000 mL, 2.000 mL: 4.000 mL, 3.000 mL: 3.000
mL, 4.000 mL: 2.000 mL, and 5.000 mL: 1.000 mL. For both aqueous solutions, volumes decrease over the
0.2500 solute mass fraction range, and they reach minimum values (5.983 mL for D-glucose and 5.963 mL for
sucrose aqueous solution) at the ratio 3.000 mL: 3.000 mL. Although these volume changes are too small to be
detected using our microscale experiments, the obvious volume decreases are recognized after diluting original
solutions Estimating volumes of diluted aqueous solutions is very simple and easy, and it is concluded that our

method is useful as teaching material for high school science.
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my = ma t+ oms (1)
ZIT, WFAS. MEENTIET A, BHES, BB M 2 BRT 50 BB BEECHE m
Y. BEJEOBIE, DEOBEND L,

m = Vd (2)
L7zh3- T DI

Vdyi = Vada + Veds (3)

EFRETE B ROIL D M DR Vs

V= Vads + Vids W
du

WKLYV ERTES,
B, B AT HEETHRE S L OBEESELOBEEIZIE,

du = du = ds (5)
EARRT I ENTELZOT, R4,
V= Va + Vs (6)
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mL £2.000 mL. 5.000 mL &£1.000 mL~ T &b b, FRETOKBEE L KDOBREDEFT Va+ Vs
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a/gml”" | a2 /g mL ™! | a3 /g mL ™ | @y /g ml ! a5 /g ml 7| o /grmL !
n=2] 0.37558 0.15172 — - - 3.2x 107"
n= 0.38245 0.11325 | 0.047971 — — 1.7x 107"
n=41 0.37591 0.18163 -0.15502 | 0.18141 - 5.9 x 107°
n=>5] 0.37901 0.12993 0.11134 -0.35815 | 0.37613 {3.5% 107"

n ¢ ERROWE

£2 D-JILIA—RKBEROEE d DL
wi 0.1000 | 0.2000 | 0.3000 | 0.4000 | 0.5000 | 0.6000
dowsa/g mL" 1.0375 | 1.0797 | 1.1246 | 1.1724 | 1.2235 | 1.2793
dewe/g L™ (n = 2) | 1.0373 | 1.0794 | 1.1245 | 1.1727 | 1.2239 | 1.2781
deea/g'mL™" (n =3) | 1.0376 | 1.0796 | 1.1244 | 1.1724 | 1.2237 | 1.2788
dues/gmL™" (n=4) | 1.0375 | 1.0797 | 1.1246 | 1.1724 | 1.2235 | 1.2792
dues/g mL ™" (n = 5) | 1.0375 | 1.0796 | 1.1246 | 1.1724 | 1.2235 | 1.2793
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a/gml ™ | @ /gml ™ a3 /gmL7 4y /g ml 7 | a5 /g ml | o /g ml ™!

n=2| 0.37713 0.17322 — — — 4.0x107*
n=23| 0.38443 0.14072 | 0.031321 — — 6.6x107°
n=4{ 0.38614 0.12648 | 0.064961 | —0.023443 — 3.5%107°

n=>5] 0.3853 0.13440 0.033169 | 0.026517 | —0.026805| 3.3x107°

n o R O REL

R4 RUO—RKBROBE d DR
wi 0.1000 | 0.2000 | 0.3000 | 0.4000 | 0.6000 | 0.8000
o/ g mL ™" 1.0381 | 1.0810 | 1.1270 | 1.1765 | 1.2864 | 1.4117
deea/g - mL ™" (n = 2) | 1.0377 | 1.0806 | 1.1269 | 1.1768 | 1.2868 | 1.4108
denea/g-mL ™" (n=3) | 1.0381 | 1.0810 | 1.1270 | 1.1765 | 1.2863 | 1.4118
duea/g mL™" (n=4) 11.0381 | 1.0810 | 1.1270 | 1.1765 | 1.2864 | 1.4117
deea/g mL ™" (n =5) | 1.0381 | 1.0810 | 1.1270 | 1.1765 | 1.2864 | 1.4117
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TEAEDIRT LT be — B2 28T T, wa1=0.10000 D-2" 0 2 — ZIKE#E3.000 mL (da
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®  7,=1.000mL, ¥s=5.000mL, O ¥Vy=2.000mL, Vs=4.000mL,
A V,=3.000mL, Vs=3.000mL, & Vy,=4.000mL, Vs=2.000mL,
¥ . Va=5.000 mL. Vs=1.000mL.

=1.0375g-mL™") #7k3.000 mL (ds=0.9982067 g-mL™") TAHML THE L 72/KEH O HEE
1. ww1=0.050965& %2 5D T, R(NEY du=1.0178g-mL & %2 b, ZNEDMEE AN
AT HURZ, Vu=6.000mL & 7% 5%, ZOHA. da/du=1.0193=1, ds/dy=0.98074--=172
HH. ROPED DI EIEEHATH D0 —F. wai20.25 (x41=0.032) DREETHITIL,
FHUAE ) BB DPBO NS, £ DbiF. Va=3.000mL. Vs=3.000 mL OFI&THRL
T, W R MBE R T

D=7V 3 — ADSKIUEM L CRERI 70 5B BB OBRTRILERRT OB & i L
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MiZEOL Fux H-OH BICKZEHEEGPEREN, D-7 VI = A5 FHKMT5H I L2,
(2) D-ZNVI—=AGFLKRGFORESRPWIROERIZL 2R RENEZ OND,

THRKBHOBA, D-7 VI —=AGTIETTIOKML A RERIRECTHEET A720, &5
WK THRL COMEMOMEEMERPRE BT HZ Lk v, 2o/E, ARz E
AERBD LNV, Ly D-Z Va2 = ZA0REPERT 5200 T, D-7 Vv a—A5FH
DIREFESTELRIEREND L H IR b ETFHRENE, 2F ), KBEEATD-7 1V a—
AGF DT AIKIE T, KERECLVHITWICECREL TV ATRENH 2, 20 L)
RIREETHRTIUE, D-7 Va2 — R5F L KRG FOMDKEREEDH TR E NS 012N
Zy MM D-7 V0 — A5 FROBEICKGFUA ) ALHK LRI ) FHRITKER
DEFEBHSPEL LD LHEEIND,

FE5IZ, Fhwal BT D VuERToe Va b Vs 2B BF A TE L, dOBEMHFIES
HITHEZ ONTWEDT, Vuld. ARIBFAMTERENS, TNHDMED 5. wa120.2500
(x2.120.03226) DEEFHEILTIE, Va=1.000mL. Vs=5.000mL THR L -HE2HRE, BE
AR AR SN b LA Ly Va=3.000mL. Vs=3.000 mL THRL2BHEICHRAE &
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®&5 D-JIIIO—-RKBREFRUICERDOEE My

Va/mL 1.000 | 2.000 | 3.000 | 4.000 | 5.000

Vs/mL 5.000 | 4.000 | 3.000 | 2.000 | 1.000
Vu/mL (wa1=0.1000) | 6.000 | 6.000 | 6.000 | 6.000 | 6.000
Va/mL (wa;=0.2500) | 6.000 | 5.999 | 5.998 | 5.998 | 5.999
Va/mL (wa1=0.3000) | 5.999 | 5.997 | 5.997 | 5.997 | 5.998
Va/mL (wa1=0.5000) | 5.994 | 5.989 | 5.987 | 5.989 | 5.994
Vw/mL (wa1=0.6000) | 5.991 | 5.984 | 5.983 | 5.987 | 5.993

4-2-2 RO O—ARKER

Bl412, 20CIZBITH A7 0 — ZREBOFREDOHREL R T o war1=0.25 (xa1=0.017)
H720 ET, WTFNROBAELBEENLEED SNR V. Thbb, D-7 VI — AKBEDOY
A LRI, HRIENERB OB R L Twb,

D-7 V3= ZAKBEWEOHE L FFRIC, A7 0 — AWKIZER L ORBBICEABICS, B
BHOERBITEBRROBBRE LI L THEE SRS T2b0LFRENE, Tz, FHAKBER
OBEEBEANIFZEALRDOONZVOITH L, A7 0— XADREIERT 520N TKE
WOEBHADPEEI2EDL, D- 7V a—A0EEERABOBERIZL WHHTE 5,

3B ER4BIIBWT, FH—Dx\) DEICBITAD-7 VI —AKEBEBRE A7 T — AIKE
WO WOEZREERTLE, WTFROBED, A7 0 —AKEBHEDIZ) I/NE v, Tk, A
U= AGFDIEIFD-7 NI —A5F L) b RENLDIIKGFHRZDOMBIZA Y AHR
T kE, EFOFRVEOHEDNEL L. JVKNMLR T b L IRBRATLEEZLND,

F6IZ. EBRwa  lCBITE M ERTe TNHEDMEDPS . wa120.2500 (x,120.01724) D
BFH#HFIIBWT, vy & Vs OBRBELIZ»AP DO T, WIThOBE b BEEREREL RO b1
Bo LA L. Va=3.000mL. Vs=3.000mL O¥&ICRmAE 4 2 EBHAETE 20.6%1REF

6.01 6.01
(A) (B)
bymmmmm 6
@&&50. ®e
g 2 " E 2.9 9
3598 ?% ¢ <598 2 2 ¢
5.97 | 2 5.97 g
% b
1) S —— 5.96 S S .
0 0.1020.30405060.7 0.8 0 0.03 0.06 0.09 0.12 0.15 0.18
Wh 1 Xa1
4 20TIBTZRIO0—-AKEROEREBEOFE
(A) wa, KT (B) xa: fR7FHE

®  7,=1.000mL, Vs=5.000mL, O:¥7,=2.000mL, Vs=4.000mL,
A p,=3.000mL, Vs=3.000mL, & :V,=4.000mL, Vs=2.000mL,
V¥ Va=5.000 mL. Vs=1.000 mL.
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F6 RI/O—RAKBREFRULCBOEE vy

V/mL 1.000 | 2.000 | 3.000 | 4.000 | 5.000

Vs/mL 5.000 | 4.000 | 3.000 | 2.000 | 1.000
Vaw/mL (ws1=0.1000) | 6.000 | 6.000 | 6.000 | 6.000 | 6.000
Va/mL (wa1=0.2500) | 5.999 | 5.998 | 5.998 | 5.998 | 5.999
Vi/mL (wa1=0.3000) | 5.998 | 5.998 | 5.997 | 5.998 | 5.999
Va/mL (wa1=0.6000) | 5.992 | 5.986 | 5.980 | 5.982 | 5.988
Va/mL (wa1=0.8000) | 5.981 | 5.968 | 5.963 | 5.964 | 5.978

Thho D-INIT— XKEEOHE LA <42 DAy = VEROFE & 5K HRE
ThAI .

5 &HHIC

BFFECIid. ZRARBEROFREORBEHE T L2OICLELREFEL 72, VT, £
DFERZE D-7 03— ZKBEB L TR 0 — ZKBRIZOWTHEMA L, D-7)V 0— AKEH
BLUOR Y 80— ZKBEWOETE L AKOBEEDS Z N2, 1.000mL £5.000 mL. 2.000 mL &
4.000 mL. 3.000 mL &3.000 mL. 4.000 mL &2.000 mL. 5.000mL »1.000mL. $7%bbH,
FRHT O KB L ARDOEFEDEED56.000 mL & % BHAICDOVT, HROBEEIEE L 72,
D-7)V 3 — ARKBEW. A7 0 —AKERE DI, FHRETOEEDEA0.2500 F TIEAEROH
RS AL L7z LA L, THELEOBEERICBW TR, AELRFREBEI VRO LNz, L
AL, FOHRBITNES ., FBHEDPREL YA 7 0 AT — VEBROFETIIHERFEETH S
Jo

FEMEBARCTREELARII—UHEA L TBLT, 8SERREORFEOTENDNIRS
IR TE B, 727250, BT RECH L CHESERTRIFES MR VO T, HEDTFOE
FEORBR BB L THEXTBLENH D, o, EREtbbi w0, EHLHEAIT.
BRI E L RETH b RFETIEHEI OBRFEIH R L ZBREOBEEFTL Z LR
THY . BEEROYEE - ALEORKBHRABEORM . 525 VIIEIEEIE CEEI H I
WY G s —<E LT EHATHA I,

Lt%. T A ORBROFFRIAE D EHBEIZOWT, BEZITITFETH L, TIha— Lk
KOBEDEFO L 912, BEE RS BREA LS L) RFEICIE, <1 70xF7—)L
EBOFEIM)ANTER L2V EEZTWE,

AFFZE1%. JSPS BHFF 245010720 8% %13 72 5 D TH %
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