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Revisiting Compositions of Binary Solutions and Their Interconversion Equations, Part 2

— Interconversions of Compositions in Concentrations-Contents and Concentrations-Fractions —
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Abstract

We have already investigated relations among four concentrations, three contents, three fractions, and three
ratios in binary solutions, and obtained their interconversion equations. In this study, successively, we have
systematically derived the interconversion equations in concentrations-contents and concentration—fractions in
binary solutions. In order to examine their validity, we have selected an aqueous ethanol solution whose mass
fraction of ethanol is 0.500 as a sample, and converted this value to the four concentrations such as molar,
number, mass, and volume concentrations, and 0.281 mole and 0.558 volume fractions of ethanol, both of
which are 0.500 mass fraction of ethanol, to the molar concentration. All composition values estimated using
the interconversion equations are in agreement with the original ones within three significant figures.
Therefore, these equations will be useful for investigating quantitative solution science and teaching chemistry

to high school and university students.
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c1 = m/V (1)
Ci = M/V (2)
o1 = m/V (3)
o= N/V (4)
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ki = C1/(dNa)

VLN S,
3-1-5 ¢, & K, DEEZTH
A(2), 6)X b,

G

Ci/d

K

LN D,
3-1-6 C, & k| DHEEZIH
KUY EFH DF2 LY,

C1 = dK1 = dleAI{l/Ml
K1 = M1C1/<dd1NA>

PESND,
3_1_7 01 t ki @ﬁﬁﬂf?ﬁ
MY o1 LRWL Y.

01 = Micy, = dMik,
ki = p1/(dM)

ELND,
3-1-8 0, & K, DEHEZEIE
B oE 1 ER9LD,

o1 = MlCl/NA = dMlK]/NA

K1 = Nao1/(dM)

LN,
3-1-9 o, & k DHEETH
o1 LB L Y,

o1 = Myc, = ddik,

k1 = p1/(ddy)

N1/V = Ni/(m/d) = dN,/m = dK,

€2

3

e

(25

26

1y
8

55



ESND,
3-1-10 o, & k, DIEEZTIH
Wi o1 ER0E D,

0, = M1Cl/d1 = dM1k1/d1
kv = dio1/(dMy)
PIEHN S,

3'1'11 0, t K, @*EEQ?Q
MY oFE1 L9k .

01 = M\C1/(diNy) = dMiKy/(d1Ny)
K1 = diNyo1/(dM;)

PREHEN 5D,
3_1_12 0 t K1 o)*ﬂﬁg}ﬁ
K@), (7)& D,

0, = V1/V = V1/<m/d> = dV]/m = dk;

K, = Gl/d

PEHEN 5,

Dbofifz, R1IBLUER2IZEHML7Z, ZH50REZFAHTE. HOWL5LEDIRE

— a7 v FHOMBELEBRITREE % %o

=1 BEHLISAVFTYMAOETHBR

c1 C 01 [
ki = c1/d C1/(dN) o1/ (dM)) dyoy/(dM))
K = Naci/d C/d Nao1/ (dMy) d\Nyoy/ (dM,)
K = Mici/(ddy) | MiCy/(ddNy) o1/ (dd)) 01/d

£2 AVFY MO SBEADOTRR

k1 K, K1
1 dk dK\ /N dd k1 /M,
C dN sk dK, dd\N k1 /M,
01 Mk dM K1 /N dd: K
o) = dM ky /d, dM\ K/ (d\N») dr

56



32 BE-SEDOHEEZIH
3-2-1 ¢, & x DHEZEI
A&V,

c) — I’l1/V = nl/[(ml + mg)/d] = dn1/(m1 + mz) = dn1/(M1n1 + Mznz)

Ehbo TR R =0+ TR L, ALY,

dni/n)/(Min,/n + Msns/n) = dx,/(Mix1 + Msxs)
dx1/[Mix1 + M>(1 = x1)]

Cl1

VSN L, RBOE x IZDOWTEL &
x1 = Maci/[(M; — My)er + d]

MWESLND, B, K6, 6NE. T TIXHIPFHFEL T35,
3_2_2 C1 t w1 @ﬁﬁﬁ?ﬁ
R, 9% b,

c1 = m/V = (m/M)/Um + m2)/d] = (d/My)m1/(my + m2)] = dwi/M
w; = M1C1/d

MWELND, B, K69, 69, TTIHIIPFHFEL V59,
3-2-3 ¢ & ¢ DHEEZTIR
KB FIH DFE3 LD,

c1 = dwi/My = (ddvp /M) /Ldvy + do(1 — ¢1) ]
E b FUOE p [ZDOWTHEL &
¢ = doMici/[M(dy — dy)er + ddy]

ALY IR
3-2-4 C, & x, DIHEHEZEIH
Y01 L ABeL Y,

C1 = Nac1 = dNax1/[Mix; + M>(1 = x1)]
Ehbo A% xIZDOWTRL &,
x1 = MyCi/[(My — M) Cy + dN,]

LN D,
3-2-5 C, & w DIEEZHR
WY oFE1 ERBIL Y,

C1 = Nac1 = dNAwl/M1

“2

57



w1 = MiCi/(dNy)

E b
3-2-6 C, & ¢ DEEZI
Yo% 1 LRk b,

C1 = Naci = (dd\Nah/M1)/ldir + da(1 — ¢1)]
Elebo UOE ¢ IZDOWTHREL &
¢1 = doM1C1/[M(dy — d1)C1 + dd1NaJ

NiEEN5S,
3-2-7 o0, & x| DHEEZTIH
MY oE1 L RB0L Y .

o1 = Micy = dMixi/[Mix; + Mo(1 — x1)]
E b % x IZDOWTHEL &
x1 = Myor/L(My — Moy + dM1]

VBN S,
3-2-8 0, & w DEETR
A(3), (99X b,

o1 = m/V = m/[(my + m2)/dl = dmi/(mi + ms) = dw;
wr = p1/d

ESND,
3-2-9 o0 & ¢ DEEZIR
M 0z LRk Y,

o1 = Micy = diddi/Ldipr + do(1 — ¢y) ]
Elho RbB%E ¢y lIZDWTHRL &
¢ = doo1/[(d2 — d)o1 + ddi]

VLN S,
3-2-10 [ & X1 @ﬁﬁﬁ?ﬁ
HE: R E S W-v . D/

o1 = p1/dy = (dMix1/dy)/[Mixi + Mx(1 — x1) ]

Erbo RbBA% x IZOWTHEL &

58

@5



x1 = Mydvo/[ (M2 = M) dyoy + dM,]

MWESND,
3'2‘11 0, t w1 @*EEQ?Q
MY oFE1 L6050

0, = ,01/d1 = dwl/dl
wy = dldl/d

BESND,
3-2-12 ¢, & ¢ DHEZE
M 01 EREAL Y,

o1 = p1/dv = dp/ldipr + do(1 — )]
Elbo RbEYE ¢y IZDWTHRL &
¢ = dr01/[(dy — d)oy + d]

PEHEN 5,

VLEofER%2, £3IBLOUEAICERL 2, SNH50EREZFHATIIE. HOWLEEOEE

— SRR O AR & % B o

R3I REDSHARAOEHR

(4] Cl

01

0]

Mjc,y
/(M3 = My)er + d]

M Cy

/[(My = My)Cy + dN,]

M>0,
/LMy = M)y + dMy]

Mgdlﬁl
/LMy = My)droy + dM)]

wp = Mlcl/d M1C1/<dNA> pl/d dldl/d
b = daMicy ds M, Cy d201 d201
! /IM(dy = dv)ey + ddi] | /IMi(ds = d)Cy + ddiNW] | /[(dy — dy)ey + ddy] /[(dz2 = d) oy + d]
x4 DEHSEEANDOTHR
X1 w1 (o
_ dx, (ddy /M)
a = JMy + Mo(1 = x)] i /My /ldiy + do(1 ~ ¢1)]
_ dNax: (dd\ N /M)
C = JMux + Mo(1 = x)] dNawi /M /ldiy + do(1 — ¢1)]
o) = dMx; dw did P,
! /[Mlxl +Mz<1 *X1>] ! /[dl(bl +d2(1 7(1)1)]
_ (dMlxl/d1> dCbl
o = /Mix + Mo(1 = x)] dwi/d, /ldiy + do(1 - ¢1)]

59



4 FEROHEEZERNOFEREOREE

L MO BB R oA AR . BAENICHERNR IR LTS ) — VO RES %
730.500CTd % L8 J — VKEE OB % FVTRGEE L 720 T8 /7 — VKB O & TR (i
BB LU ot SEFFE L HERREXO ) b, BEma3E w 25 MOMRE c1. C1. 011
ONDERB L OENGE x ), RETE 02O TIVIRE o) ~NOEHIZER L, EXP0OH
WLl e L 72

(Bl) =% /7 —=N50.0g £K50.0g ZRELTHELIZY ) — VIKEED D L. ZDEE
IH = VEBE B 1). KEFE (5 2) LL. DTy ) —Voffsoflkz i
W2, 220, BEMOLY ) —VOEEd %#0.789 g-mL™", KOEFE d, #0.998 g-mL ™",
BEBDOIY ) — VKBEHROBEEd%0.914gmL " £F5 (WFRBL0CTHME), 72, =
¥ )=V DENVERE M %46.1g-mol ', KOENVEE M, #18.0g-mol ' &, 7THEH FugE
BNy &, 6.02 x 10%mol '&4 2,

MHYORR LY, BRAOEH L5 EE L ORI, TROo®M) THsY, 7275, &
ET SHFCHEM LA, EBEOHIZIERENEENL, £2C, BHOFHEICIEZSHET
B L - (SN 2 AW, RS2 AT 3HTCHEIIL 72,
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