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Independent Equations in Chemical Equilibrium
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Abstract: Mass balance equation (MBE), charge balance equation (CBE), and proton balance
equation (PBE) are commonly used in computations of chemical equilibria. This paper presented a
proof that CBE can be derived from MBE, so it is not an independent equation. Although CBE is not a
necessary condition, it is more efficient than MBE in chemical equilibria involving acid and base. The
higher efficiency of CBE in this regard was found to be a variety of H" sources. The conclusions are
consistent with practical computations that MBE is the primary equation in computations of
complexation, redox and precipitation equilibrium, whereas CBE is the primary equation in those of
acid- base equilibrium. PBE is neither an independent equation, and only applicable in acid- base
equilibrium; its function is completely and more efficiently implemented by CBE. So it is unnecessary
to keep PBE in the textbook of quantitative analytical chemistry. This research clarifies the
independent equation in chemical equilibria, which not only increases computation efficiency, but also
makes the theoretical framework concise and clear.
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TEA 11 1 == A AT v, Pl AR 1 55 2 00 &R U 1) BL-F- 47 45 20 (mass balance equation,
MBE), H fij “F 7 %% 7 (charge balance equation, CBE) Al i ¥~ °F 1 %5 ={ (proton balance equation,
PBE). &5l il Bb #i o/ dHix 2e 5 1

ET ) “ A7 REEE R T, ETREEAMESHEMLHITEAL, T
AT E A/, 7R ZE XA, PR DL FL A 2, 2 e it 550 R i
“ERnA” R E R, BT REEE R RIEATIHESR, RE P TE R I BT R SR AR

XEEAAE TR oAb 2 P A B B S, PR R e ST (0 R R RSP e
SR S AR R R, HEEMAT MG . AW, SHT i R R A X 255
AT AT o G SR AR Wi e (M) 8 X2 B, T4 SRR R AN 2 PR, A P e =i
T B S5 4 A S TE T

AN FiRSERGAT 7RSS, WEB] CBE W LA MBE R, RIA R — ML EIC R,
BT CBE /R & — AN MR AT, SRTIERR BT b 2 A LA s 7347 PBE BU4F 5, IAAPBE A
e/ MMSLERE R R, AR AT TH 5 iV H AT DLSE R R B s 1 CBEARES o 72 BB HIT 7RI
B b, 52t MBE A PETHMSZ SF B0 R, 8 BTN %5 T MBE X — ).

1 EFrEE A IS TR & A0IERR
T AT, R4 5 30 MBE & F8 ¥ ok B 1R — 05 BT A 2155 R FE 2 AR FEANAS
MBE )5 At 75t 5715 7€ (conservation of mass), &ML 5FEIC R, HM-F# 550 CBE 28R
1B U OV AR SE, LR A R . R TS A gRVEUE ] CBE A& — ANz T MBE 145
mERAA
11 8821 M HoHEESF
B TR ANCD,. CDABERTHEELC MDY, RIECD IS TR, %40~ MBE:
C1= D]
LestyEECER
y[C"1=x[D"]
Ko R, EAGZECBE. BT, JEWC.D,ME ST, HALZ P4 CBE A T MBE.
1.2 GE3TMHANERDTF
w1 XN ABD,, H A, BRI DA A5l g +my —n =15 AB, AT A+y. A
(AByY BEE — /N BE SRR G g Y AR [F] T REFURS 20 € N IEEIE R, (AB,) FIARE R R far 22 & 1 o 45
T, IEHE Y, UE R AT B I E A (AB) s X T R IR 4k S HLE
(AB,)", AR faf 2 RS O IS PRI .
T B C 5 (ABY T BE R EAH R, 152 W1 F MBE:
Liam=1en (1)
B 1=[C"] 2)
PLEPRERE, HIEAEE MBE H A TRI[B" 180 7] LA 7l 8% a[C TR B[C 1. FTEL, (AB,) 1)
Ykl e 1 I S R R B R U O
(1) x am — (2) x bn, 135:
m[A" )~ n[B"]=am[C"] - bn[C"] 3)
TN, (ABLY B AT Ny, TR G0 R K R KOL -
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am—bn=y (4)
K UHMRAX3), 53
m[A™] = n[B"]=y[C"] (5)

KG)H, mA"]-n[B" 1 ZE T A B MHMEEXR, y[CUERBT C 1 AT E ERFE. LA
Y[C AR CBE H1 ) m[A"1—n[B"], CBEISRAAL, AT LA(AB,) I FE 7 i B P o A 25 006 7% 381 R U
By C e

i LR, =Wt &Y ABD,FIMBE f1CBE 5 L &Y CD, . 1.1 TR ELIEH, —
o &P CBE A 4 MBE S, BT LA AB,D, B CBE 0] IF H MBE S, FFE— AN 264
1.3 BENN>I)TEIHNERST

L CZERE, B2 AN B PR R B S R AT DA R B B — AN R A L B
PL, B& NS5 FIRIMBE Al CBE 588 N — 1N 0 T4 DASHE, R&TLIEEE
— A5 JFA FAER A B R T TS R R WA T, T T R,
L1 E&UER], H CBE A LA MBE ‘3 tH,  Ft DA B 2% 40 I FL A ~F- 47 0 W) DU LRl
t, FEAE— AL %A .
1.4 ZEMREBAEIEBLENZRNER

MREREET ZMOEY, BEWZEAHERN, IBAGFE—A CBE, RBUEREART
B . AN S AFAE — N B S LR CBE,  MUX % CBE 1f LA H VR A 1) CBE. R
WA EAER, SAMEAYIE S CBE #80] L H MBEHES Y, R IE A 1) CBE /] LA TG 1k &
YIMIMBEHE S, A — Mo 25aC.

YT RANE RS EE R, BEPPEE, AR5 TR SN 8 Z W EAN R A RS, i DA
PEER AT DAL B &2 MuEY, BB RBA SN M, RYE_EI 4
Br, 1ZVEW CBE A% T MBE.

2 MR TES B R ER S

L SR Wl WMBE 5 CBE.  BEAE N BIAIE LA BH CBE IASSRAL P, R IR R 244k 2 °F
i MBE LN . B SRr e e R I E WG, RIS 7 T4 A 2 J Sk 206 &
I . WS M2, CBETESEPR R A AR 4 i Hb v 5 AT DL R A DR Hb 51 T AS % A MBE
SH.
2.1 FeClLfINaF:R&i&&

Fe'' 5 F RATAL N, FEFEERTPAMEW A5 : Fe's ClI'w Na's F. FeF”'. FeF, .
FeF:. FeF: . LAFesuz NAEiE, 192|401 MBE:

[Fe’] + [FeF*] + [ FeF, | + [FeF;] + [ FeF: ]1=[C17]/3 (6)
PAF JuzR ke, 73340 MBE:
[F ]+ [FeF*'] + 2[ FeF, ] + 3[FeF;] + 5[ FeF> ] =[Na'] (7)

(6) x3—(7), BHFE3.
3[Fe™] + 2[FeF>] + [ FeF, ] + [Na'] = [CI'] + [F ] + 2[ FeF? ]
ATLAR I, SRR %R &Y CBE.
2.2 K,CrO,, FeSO.f1HCLE &Rk
CrO; 5 Fe" KAAMILIFE L. HRHE K.CrO, 73 F A LA S A I RE T B 5G &R, 433001 MBE:
[K']/2 =[ CrO> ]+ [Cr]/2 (8)
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MR FeSO, 70 7RI L AL 2 S RETHR R &, #5841 MBE:

[Fe*] + [Fe"]=[SO; ] )
48 HCL 53 A B LA S A 2 s ik 0 &, 152140 F MBE :

[H']+ 7[Cr*] - [OH]=[CI] (10)
MRAEA T B G R, 53100 MBE:

3[Cr*] = [Fe*] (11)

(8) x 2+ (9) x 2+ (10) — (11), FF)515%.
[K']+2[Fe*] + 3[Fe*] + [H']+ 3[Cr**]=2[ CrO? ]+ 2[ SO? ]+ [CI ]+ [OH]
ATRARIL, B Z IR &9 MY CBE.
2.3 KBrO,f1NaBrR &i&i&
BrO; 5 Br RAFUIEJF N #4E KBrOs 73 714 i LA A 7 [ N 8 5C &R, 4323 MBE:

[K']=[BrO; ] +[Br.]/3 (12)
HR¥E NaBr ()3 T A A S A2 BT RS &R, 132000 MBE:

[Na']=[Br]+5[Br.)/3 (13)
R HO HY > TR R A R A BT RS &, 13200 MBE:

[H']+2[Br,] = [OH ] (14)

(12) + (13) + (14), EH)5155]:
[K']+[Na']+[H]=[BrO, ]+ [Br]+[OH]
ATCAURIL, b sE R %R A AW CBE.
2.4 STUE MnS BOA R
B[ A MnS B T4k, YIEAE MR M f1S™ 5 #B4> S R AKAR, 74 HS FIH.S; /KiEFE
W OH 3G 0, i Mn(OH) UTIE H L. X TX—H AR, KA HLOMWHKEEANMH]+ [HS]+
2[H.S], K H H,O [f] OH {15 5 A[OH | + 2[Mn(OH)»], A [Mn(OH)s |2 8T HE Mn(OH), [ A8 v
JE, AFEIESERR. BIEHLOKD TR, 5340 MBE:
[H'] + [HS ]+ 2[H.S] = [OH ] + 2[Mn(OH)y]
G MnS ()73 A R, 4330401~ MBE:
[Mn*] + [Mn(OH),] = [S*] + [HS ] + [H.S]
A LA ERR, W 2E Mn(OH), KB ABIKE, AT LIEH).
2[Mn*]+ [H]=[OH] +2[S*] + [HS]
AT CAUREL, s H R %R A AW CBE.

3 BREACFAETRYERRRIE

CBE CABAEM AR MAL T MBE (1 —/MEREICRA, B E EIHHE P IRRL AL Pl
e, FAPET. A JECT T DR T P AN € TS, MBE N, CBEZEAAH], mEA
A BN AR . AT, CBE HA AL A: (DR TE S LTIl b S IR R R, B
FRICRE: QB ZIIH, THHE. BT RBEAAL 3B RN B TE 2 A R
I, CBEREWS R PE it AR, IXAEBRECT- i) 2 Bk F A LR

K2 BT B S5 H K, M SO2 S 8 — DR T HAREOD 2. 4 CBE, 25
RN A 4y BRI AT A3 BIX A7 FE . A0SRV MBE, U 75 2255 18 H 1 2 M AR IR . H.O)FIZ /M1
FER(TR0), SR JFREATHE T AL, AR, AR LB B (AR 2 NI AL 2 JCH ),
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i HZE S . Brbh, fERBCFERTHE S, A THR&EE, @H LCBENE, MBE A, Nk
2P
fil4n, i@ MBE TF 5 055 R HoA Fl— Jo 558 HB VR A H T, 2 BIARYE H.A. HB A1 H.O
5 A, 321U 3N MBE:
[H']. + [HA] + 2[HA] = 2([A> ] + [HA] + [H.A])
[H']s + [HB] = [B] + [HB]
[H']w=[OH]
Hrp, [H'a [HM[H W02 HA. HBATH,O & H A FHIRE . PAH TR RES B
AETHIRE, BaFAELL &
[H]=[H7a+[HTs + [H]w
Al a4, B3
[H']=2[A>]+[HA]+[B]+[OH]
BRI, FAFRLFRA N CBE, BT st i o] LB #E51 H,  th BiR 58 45 T MBE (14
SRR AR 2,
i, @i MBE 15 Na,CO I MIM[H . R HE Na,CO [ 7 F Ak, 1531~ MBE:
[Na']/2 =[CO> ]+ [ HCO; ] + [H.CO:]
MRS H.O 7> F #4453 53 4h—> MBE:
[H] + [H']se = [OH ]
Hrp, [H e COT /KRIEAEMEE FHOME, S%n:
[H']is = [ HCO; ] + 2[H.COs]
WLl E35, 53
[Na']+[H']=2[CO? ]+ [HCO, ]+ [OH]
SaimARE, bR i BRI CBE, 1 HLJE T f v U S 5 51 H
IR, A A 4 BB CBE BB N O TH AR BT FE, SRABEITT,

4 RFFEFKX

1 'R 537 7 2 J i W 4 K 2 5050 A A0 2 06 8 B 5T 1 1 #iiF 55 20 (proton balance
equation, PBE)E NIRRT IR R . PBE IR T/ WA WM R 0T + 3808, AKYE T 15 2171 51 H 1) — Fh &5
X. ALikK: @O PBEHIE— A7 F MBE 5% CBE [1%; Q) PBE W& F T Wl 75 (1 & & it
B OREEH TR 07 . SAARIE RO A PTie A Q) FE BRBCT 7 11 5 PBE 58 42 Al LU g CBE
&

AR L E L ) PBE FIA SN . SCHR[418E 3] : “ 7 PAT S XA Mo ) 5 #2, enr bl
oL A T R S e AT T RE R, e o7 SCHR[STIAN A 0T AN H Aap (1) R BYAN 1 FEL AT 1) Bk
B 7 P17 SRR T 25 2 — AR 0. 7 SCHR[21IA N “am ik ek~ 4l 7 R xRN B A ~F 4l R =0l mT sk 75
P27 SCHR[6] N AR T PBE AL MBE FI CBE, “[K I 7E Ab B BR AR~ 47 14 2 52 /&2 v /it
B, SEAR A& I 2 A E R — A7 SCHR[3]H ) 5¢ 42 DL CBE HUAX PBE 3K 52 i & sl T~ 1
1) ST

5t PBE W B 20 7 B e AT iE I “J 2 HKAE” (XNSHIKHEFFAME—), IR RIESE KT
HEHEN. SHEFEPEENEIATZH T CBEAI L, PBERMEREYE, RIS HEE. XMxttt
SR INE % O ML K& PBE I Mk 22206, 448 PBE I 5% & 1 5 #8 H CBE 1155 18 5
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@ s £ PBERSIE, CBE SIJLTHA . (ERBFMESN, SRR — i
U, BIZRATREEN A, HRS i fEIKETT, PBEME T CBE (V)%:# 4 PBE 000 A9
RIAFLRF W HHIT). PBERCQATMNIER T, WK 1L CBE flis 44, WTTF IS
S RS I A

SR PR, (EAFTL AR R, (REAEHOLI . USRI T PR TRZ — 0, 554 AT B
CBE #/RMPBE, AT, BT, THEA T “BmH) " FRRmf s . 540,
PBE FURRRTUR LIS K — MER, R U8 PBE SR SR f J5 0 TR T 2016

5 45 &

1) PRl PA7 55 20(MBE) I Z1 B2 AL S 410 73 A A R A OB R &R

2) MBE 2L 22 PR RIMAZFE R R R, 2 & IPE IR, BAL. S AE R FTTE) € B it H
()3 At

3) Hf P14 20 CBE) AN AL T MBE. #RT BT HORIEII Z REVE, (63 KRB AL 22 P 1A &
i, CBEFRAET S, Ktk CBE N, MBE M.

4) Jii 7% R (PBE) A #h 2 T MBE, 1 HXI #2341 &, L CBE B AR, HHES .
PBE 7E R -F- 47 71 55 o B/ AT LASE 42 B CBEA
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