& B
(T=FE SRR

FRT7TEE  [FiHARE]

BIEmF 1~10/8—
ERAK 3
TEHE 18
T EFE
1. BRERBHEOESENRHDFE T OBERFZE Tiwvwid vy,

2. FEEMHTPERABROBEOTRR, BRICTEERRE 254
bfmLHaz e,

3. WS TERBMOBE SHEICEAT 52 &,
4. BRREBV, SEMRI T L CHEOM 2 BRI LT REAT

2L, MAZENEY, HHVITBS-TEBEEREALELS
HEBLRDZLRBHDB,

5. RBROIKT Lich, BRAMREZ EDDL (ED 1), (202),
(£D3) DJEFICERTHEIZELS Z &,

6. BEYT DL &L, MEMRFLTERRKERLRZZ &,



MEbmER

M & & IE

YA - BES %’éﬁﬁﬂ% (% s At )

ZEEIINLT, THEITE] N5 &%Dﬁfﬁifﬁi\
TW®Weémib BHLTLSZE N,

en -7 2] f‘\‘i— A (1)

&) - =nmaues -




[(FRTOBBIcRBEDZEEFRE]

BEDILEFRBEILICRRA0T, SRERZISHEATRET S L,

UETHETDHECL, BESNEADRFIEETS - L,

ARERTESSERBAIIROBREZR VNS Z L,

RS
H
c
N
0]
Na
Cl

RFEORHIE
1.0
12
14
16
23
35




3

RDEIL L Table 1 FEH, Bl 1~ 1 018 % L, ~WOMEPEMITONTHEFN D DOFIER
LRI Table 1 DRICH DO THUTERE L,
@ XX

The molar concentration, cy, of a solute J dissolved in a solvent (e.g., J stands for sucrose, naphthalene,

etc.) is defined as the ratio of the chemical amount of J, »;, divided by the volume of the solution, ¥
cy=miV

Molar concentration is typically reported in units of moles per liter (mol/L, which chemists commonly denote

as M and read as 'molar').

The molality, b;, of a solute J dissolved in a solvent is defined as the ratio of the chemical amount of
the solute J divided by the mass of the solvent used to make up the solution:

by = ny ! msolvent,
where Msolvent represents the mass of the solvent. The molality of a solute is typically reported in units of
moles per kilogram (mol/kg, which chemists commonly denote as m and read as 'molal’). An important
distinction between molar concentration and molality is that whereas the former is defined in terms of the
volume of the solution, the molality is defined in terms of the mass of solvent used to prepare the solution.
The molar concentration of a solute varies with temperature as the solution expands and contracts but the
molality remains constant.

The mole fraction, x;, of J is the amount of J species expressed as a fraction of the total amount of
species in the mixture. In a binary mixture that consists of A and B species with the chemical amounts 7a
and np, respectively, the mole fraction of J (where J = A or B) is

x1=ny/n,
where 7 (= na + np) is the total chemical amount in the mixture. When only A is present, xo =1 and x5 = 0.
When only B is present, x4 = 0 and xp = 1. When both are present in the same chemical amounts, x5 = 0.5
and xg = 0.5. Similarly, in a mixture that consists of A, B, C species with the chemical amounts MA, NB, HC,
respectively, the mole fraction of J (where J= A or B or Cis

xj=n1/n,
where n =rna + np + nc.

Let us imagine a huge volume of pure water at 25 °C. When a further 1 mol water is added, the volume
increases by 18.07 cm®. However, when we add 1 mol water to a huge volume of pure ethanol, the volume

increases by only 15.18 cm3. gThe reason for the different increase in volume is that the volume occupied




by a water molecule depends on the interaction with the molecules that surround it. The quantity 18.07

cm?mol is the volume occupied per mole of water molecules in pure water; 15.18 cm3/mol is the volume
occupied per mole of water molecules in gvirtually pure ethanol. The volume occupied per mole of water
molecules is denoted as Vwater. In other words, Vugeer in pure water is 18.07 cm¥mol and vy in virtually pure
ethanol is 15.18 cm3/mol. In the latter case there is so much ethanol present that each water molecule is
surrounded by ethanol molecules and the packing of the molecules results in the water molecules occupying
only 15.18 ¢cm?. In the same manmner, the volume occupied per mole of ethanol molecules is denoted as Verana.
The Vyater at intermediate composition of the waterfethanol mixture is an indication of the volume the

water molecules occupy when they are surrounded by a mixture of molecules representative of the overall
composition. The vemana varies as the composition of the mixture is changed, because the environment of an
ethanol molecule changes from pure ethanol to pure water as the proportion of water increases and the volume
occupied by the ethanol molecules varies accordingly. Table 1 shows the variations of e and Vethanol ACTOSS
the full composition range at 25 °C. From Table 1, we can calculate the total volume Vi of the water/ethancl
mixture at the composition of interest by using the following formula:

Viotal = Piotal (Xwater Vawater + Xethanol Vethanol)
where Aol (= Hiwater + Hemmanol) is the total chemical amouat in the water/ethanol mixture. For example, the
total volume of a mixture of 1 mol water and 1 mol ethanol at 25 °C can be calculated as follows: In this
MiXture, Xwater = Xethanol = 0.5 and 7eorat = 2 mol. At this composition, Ywager = 16.60 cm3/mol and Vethanol = 57.93
cm?/mol according to Table 1. Then the total volume is

Viotat = 2 % (0.5 x 16.60 + 0.5 % 57.93) cm® = 74.53 cm®

[Peter Atkins and Julio de Paula, Elements of Physical Chemistry 6th Edition 358Z5 LC g1A]
® Table 1. Vyaer ad Vethane Of water/ethanol mixtures in units of cm*mol at 25 °C as a function of the mole

fractions (Xwater, Xethanol)-

Kwater Xethano! Vwater Vethanol
0.00 1.00 15.18 58.65
0.20 0.80 15.46 58.61
0.40 0.60 16.17 58.28
0.50 0.50 16.60 57.93
0.60 0.40 17.04 57.40
0.80 0.20 17.77 55.65
1.00 0.00 18.07 52.77

{D. R. Delgado, M. A. Pefia, and F. Martinez, Rev. Colomb, Cienc. Cuim. Farm. 42 (2013) 298 22632 LTEIA]
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