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Developing a Software Package to Plot and Solve Complex
Equations in Chemical Analysis

SHAO Li-Min"
(Department of Chemistry, University of Science and Technology of China, Hefei 230026, P. R. China)

Abstract: Accurate analysis of chemical equilibria involves solving complex equations, which requires
adequate knowledge on algorithms and programming languages. People who major in analytical chemistry
often lack such knowledge. As a result, it is difficult to adopt accurate analysis in analytical chemistry on
a large scale. To overcome such difficulty, we developed a software package with Matlab. The software
solves complex equations efficiently through an intuitive interface, a graph, and natural interactions, whilst
requires little programming on users. This paper introduced theory and features of the software package,
and explained its usage in detail with 3 examples of complex chemical equilibria. An Android version was
also developed and provided free of charge.
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IRFE TR AT . “ B AL SRR RO 22 P AT RS B i A S 1L 1 BB AE RS, FORJZ i B A s
AR ME . SR, FE T A PR T OULHE ) RS B AT, 34 75 ZEAE A MR AR 32— 2 ST e

AT, ENUEEAMCRA SR KIS SR Jy, ST e B AN, Wil A G . TR
LR AN BETHL, AT RS TR A OR RS HE 3R Bt 720650 RE . BfF, JUHZ MRS A, K
JEARXHI 5, A2 KO (R

O 12 7T DL S DURE B A T, — LRt 7T 3 G AN [R] 9 R WAL T T L, U0 Matlab i L C#
EECY LR, R  KB BN TN VA RIGR R EI,  HIEE K 2 B T Ak 2 T AR R G R X
BV RR IR F BAR I, FEABSE . S oM AR B R  BAE, W1 Excel. Matlab™, IXFf
Jr AN g, EGE N AR DI RE S S VRS FIVE T35 00 A AE O ZE 5 XA A0 il R AT
BRI, MRS . AT B B AR A P i R 5 AT IR T R A

KGR (R HUSEHE) 75 2L — FOTRER AR DIRER 9K, it ESRENS M. &
AP JE, SR, RTEEPE R A AT L2 FevF A T i Ay, B IR X BRTT
RAPAH) LB iR EN . MR R R R, AT RE R =2 1
FEHH AT BB A

1 BRIt ES

AERAFAE Matlab F1855 R T & FE . Matlab /& Mathworks 23 5] H i (05088 20 S A T 50l
V&, M IS SN B . RN ERTE S, Matlab THVA T LS 2 VRN N A,
Matlab AL S Fp Ll [ RVERE T o X TAETFENL LA 51, Matlab J2& i DL 80UE v 5 ) LA 70 TR
FAk, BRI 2 1) E N ER AR T R AL A A TF I Matlab BREE; H R IESE CIERR SR IRAL”
(Total Academic Headcount, TAH), HEFERIMA G oA . X Leditiidt— P32 1 Matlab 75 = B 135
MARSE

AREAERH AR RETTRE . HAh T B SRR FIE A HE A B fE AL (Picard £ 4R) . D142
(Newton-Raphson i%4X) . Bk ik, 5EFEMREAMLL, ZmiETai@ risRAN, AHEk
RAME, AL EIEAES A, FrbAE S A7 A B0, TSR A P ks
Hangk, ZoMEEORREIERIRX ) Faks:, HExH RGN0, sl kGRS 5 F .

AR A 25 1) 5 R B BR B S, B B R S x B A A I L. I R G e A
FH P Be8 PR i e i 2 VR EESR PSRAR X TH], BEFR S, NBEisiR. ttéh, BB ETHAES
BRI EURFAEANAE T, 32 T 0 7 2 15 A7 A2 N 2 BRI A R R BRI A A, SOl 348 7 aX Ff oo

KA R E AR . M TAERWARTE, FiARERERE 7REE . R ARG
JFRR AR, RIS R EER M RN AR R, W E A T A DA & T e A ()8 O
Fo FHWTFEAERS TIIRE, AW hretEIERN, RERE, Fra haes e fm Liggt, BA X
B,

KA NEZ BT, AUEH Matlab B2 AZ AT EE, AT EZAT A T H 46 (Toolbox) T ek £ . H P
AL I 57 AN SEAE A Matlab T A o

2 BRAHREMERET

F 7 M http://staff.ustc.edu.cn/~Ishao/misc.html ' % iroots2 % 3EFE )7 . SRR AT DL 3E7EAT B
P, (L B PHRAERU R T A2 IR AR R 05, B AR AR ST 9 T S bR 7
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b ST EAT A
iroots2 %5k Matlab F KA AS /& 7.10.0.499 (R2010a). 415 Matlab B A KA,  #A-45 HAR R AR IR .
BB NIN G, T EEAE Matlab "PH AR B iy & RISAT, 84T 7 IETERA SCHF % ) The First
Running.pdf A VEA 41 . X FRES B E B F2hig 47 07 AU T — IR EIRIBATHE, iroots2 £ FH 7 ¥FAJ
G, AshBlE—MUEL N, DUEEE s e, B AT RS AT AT

3 EfHEH

B ERmmE L PR, BT RMSGE AR, Rl TR “4iN CrERe” “H
B A AR E R A3 MG T e BUR R I R AR . 32 5 TR 20 04 Function A1 Action P> i fig
DC, 2 AN TTRERRIA T, Ll 182 pR 5 BRI SR AT HE o

QY| H| U

Find roots of a function using bisection method

rFunction

% this is a comment. A
% terminate a statement with a semicolon.

% x and y are reserved for the independent

% and the dependent variables.

y=(x+1)"2-2 S

(Ewamos)  (oma) Com) (o)
rAction

[F'Iot the function J@ from | 1e-14 | to | 1 ,or

©around | 0.0 |, with| 10000 |points, | solve it

1

0.8

0.6

04

0.2

0

0 02 04 06 08 1

By Limin Shao, LSHAO@ustc.edu.cn. Free for non-commercial use only.

Bl

1 RE§EEFE
BT RO

31 HMAGRE

£ Function T REIX, FI J7 #%18 Matlab THiEM AFHRE T FERIRIA R 8 T M ZE S IHEE N, ek
Jaahfa Bl R — AN, W i e ScAR . sl “Syntax” %8, TTRAEE RN ANE s
i, J& CaF,7E 0.010 mol - L' & 17 H i P A I O T [H 1B iR R #2

A AP, AT T EA R Matlab BRI A P . $H92 F, Matlab 15 54258 5 R1E
T AP T FEAR G R B, BT AT R N BT I I Matlab 83525 50 48, MESLN DL T AT

1) BEX KNG,

2) FhREx My & fe M BRI AR, ANEfhH .

3) % U HIAT R e . BBGHAT VR ERER, U&SH, FRFTA PN R A 2R
FEAE— AR .

4) R FERIEN R e, TLMEA — LI AR5, S0 “Syntax” $ZHIFEHE R SLH).

5) B2k IER)ROZ Lo 5 S5 R (FH P an R 20, A B REES ) .
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6) IBHEFF+. — * /v Al W e Bry MERTT. M eiRDT, RTRMERA1/MR).
T #F 80K J7 Matlab 45 H 545, Wi(—8)(1/3) = 1.0000 + 1.7321i, N T #EGix — i, #fE
nthroot, #lnthroot(—8, 3)=—2.

(7) MHRRB B, WA AT, AWl E AW, BT A g .-

IR GER G, H P E S S “Finish” %48, 347~ —F. “Clear” #HIERITEHIA
“Function DB” ##H#E N #2733 W44,

3.2 EKRGHIFGIEKE

BRI ) 22 10 R R SR AR AE Action DIREIX SE /. WK1 Fra, DIREIX T 77 2 o ek i EE [ A
FrFe DIREX B 2% . SURM g AE S0, XAl —f) 5 8RR . Plot the function
from le-14 to 1, or around 0.0, with 10000 points, solve it. HEE DLIXF i ~F- 44 77 3 B Af A 5 R oK e ) ot
T2, NEERCAHN.IhRE, R B CRFR ST 1 157 v T

DX 1) o f B ERAE BN 10 AT T, 20 1 7 (AR 2 P A v 2E 70 R FEE (R SR e DRI DR i BB 3 5 Ak T aX A
X [A] o X [a o i ) B AR B E FE A EE, HFHEWE “RBAEX AN S xR A — D m” BRI,
P an S aniE 7 AR R B, & ] LR BAE X AT AR I 25 8, 2 B R — N R 2R IR
MRIXA] o 241X [ pot () B B e AH 22 KK, A E e BT E Al b

P 5 “Plot the function” $&H K2 bR A EIME . N ARAR R SO, UiBH R ES x 4l R
BN E— R “ k7 BR, AR “solve it” #&Hl, BIEIRRMRZER, 45 R FN S
FIBTMGAR . W ERARKR REF FONLLE, R R BRI EAEAN I R QR A A R EHE G 2N AR,
“solve it” IZE AT SdIRA . WRAEZ AN A, @i T HEE B8 BGEAT 46 18 8 # 1
%, SR REARPRITE R, BRI AR REHAR NS “solve it” LRI AR T SHRRES), ARJEIET
KA. B IXF T, ALK T A A
3.3 FHiEE

RPN T R W, = HNRPEE— DI ES . $d “Function DB” %41 3F A %45
FE o B EESE R 2(a) s . #2745 “Previous” Ml “Next” F T s E PR A RE, HHER
A7 BRI B )27 o B R B AR . R A BT B OO, SOARTH R, BUMTARZ 2 — Mg )
%, WK 20b). WHINKHITIEE 5424 “Previous” Fl “Next” #HIA, {H 2#lEwntksE, &H T
BRI E N WA RN E BT AR B MA@ (] RGBT %, WaFKER,
WESIARF R

FH P a0 A8 B UCGR B PR AN 5 2, AR5 FE )G il “Choose” o B I 1] 7 F2 5K
RS, A BT FER AN ( “Finish” $2H1A4 T A 0] AR 3), H P B EAE Action ThREIX 5L i

Bt i%5H “Delete” Bt “Purge”, B UUMMER 75 7 FEECE Bdm E BT 5 2. %4 “Undo” A
THE “Purge” BUE —IK “Delete” #:4F. R MER T 240051, W4kl “Undo” ToiEE 4L
P, RS DA AR XOR B RAE(MAE “Close” $%4HIR HIBUE ), IS4 IR s A 2 520

B e DL 3k A AR AT . AT DAIE I 424 “Export” K B 5 R S H B — AN SOR SO
3.4 IHFHMBINEE

Bt —E e s HP AT DB IR RN, SURFIHZEH AR KN o IR, FEAN R B
RN, Rl BE, AR I S AL .

FEI E 1] 5 Matlab i A K . — & THENL B R 2ede 7 2 AR K Matlab, 7T PAEA FIRA T
WA ST 3 A g ), AT . AN E AR Matlab X6 B & O3B DA K Ve e A I s %=
S, MEEX Matlab WA B 53 TR il T DA b IR A 22 e o1 S THIAAR B 1) 520



56 Univ. Chem. 2017 Vol.32

4] iroots2 (v2
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‘ Functions Solved Previously

Functions Solved Previously

rFunction rFunction

¢ = 6.69¢-6;
y =c*x/ (x +K) - 1e-14/x + x;

¢ = 6.69¢-6;
y=c*x/ (x +K)-1e-14/x + x;

Function 3 / 29, created at 21-Sep-2016 14:04:05
i Choose Close

Undo
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(b)
E2 FHiEERE
(a) SRS (b) Bl bnAT 8 Sl i (SO i S i
HL RO RZ IR

BRGSO B ThRE. F P S TR LW “U” #4, W UFshEmERAS; 2w
HA B WA (A2 EAEAERAPEE). WREHRA, E/13HF G, K2 a3) 5w
e PP B (T E AT R R ) AN 2 R
3.5 #H—HRAA

FETT RN TRIAR , P P J8 e A B S sl o AR SR B AT SOAR I & ) R . BT Uik, (H
ST, R SCRERUE 35 E DL R B ctrl+z,  IX /2 Matlab (1) PR .

A B BT H A Matlab 2 2 AR R 2k, DL 5 R, A0 & 6% R H Matlab 78 55
BEITH RS .

BRF44F, ABAERAE Mac KRG Linux 248 FHHTHM, S0, MRS EE.

Bt B A — € Matlab Zw B2 1RO P, 38TF K T 55— D Dhie B A R B R g3, % N iroots,
XA A SCHR[41F 3 4 R I RRA, T E bk 2 http://staff.ustc.edu.cn/~Ishao/misc.html. iroots 1 5 F 4 A
Wiiroots2, HRFMAE, H HAMBTHIERFMFER .

AR XETHERD Y, AR, T4, iroots [RIFF 2 0 S B fF, Jf HARAE
TR .

HF K T Android it 4s, F AT LAFE “/IN KM ” 184 %R equation solver 4 H, AT LA
MR T 2 apk SCHF .

4 N

TR TR — AN KIS, 11 H 22 SRR EE, 1 WK pH R, Brih, HEEH
BN IER, A8 A BN SRAR X TE] (107, 17, 8% vl OGRS fg, 1 H R TP i “Plot the
function” 2K, EUEHE RO Hid “solveit”.
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W e 2 A2 T, BRI REAE RS N, G O HRELIRE S, AR EERELL
B8]y = )X FEM R, FMANEDL S @ BLIfERRXE; G FrEE M. X T8
LA, f NIRRT E S AR & . X T2 MZE 3ARME, EraRAEG, a6 ik
AR SR, SR AT RT3 AN AT B, A S E SCHER[4], MR RS R 5 A
i, AR

511 0.050 mol- L' I LI WAE J93E 7 (& 1.0 mol* L' KI), ¥ & 0.10 mol- L' ] Na,S,0: VAT
PLVERY AT RF, ST LK E N 5.0 x 10 mol - L'I, WML A NGRS, HHLSIRE,
(FEXS I /1 1 S,0% /8,08 HI& A A EFIES 43519 0.545 V F10.080 V)

#R: RRUOCHEET R, R=Vy/Vy, o VoMV, 50 52N € 46 s AL ST B AU N IV R ) A
o i HES, FEILLT T
X O%s ) 5(R+ 1)(0.10001 — 0.09999R)?

(1.09999R — 1.0 x 107°)(0.049995R — 5 x 10°°)
TS, AR b ) R R R A B A &, XA MR IE R v . T2 HNR
i, 7F Function DhREX ¥ N\ J5 #.ii “Finish” %4 .

const =10~ (2 * (0.08 — 0.545)/0.059 + 6);

aux1 =5 * (x + 1)"2 * (0.10001 — 0.09999 * x)*2;

aux2 = (1.09999 * x — le—5)"3;

aux3 = (0.049995 * x — 5e—6);

y =const * aux2 * aux3 — auxl;

YT ZAE, R=1, FreUEHAE LOMITLE. B L t, UiHRAR X [P & 55 x Sl A
LRBEHZANZ R — AR “E7 RBESR. ROKEGHITEE, WWE3@). MNE3@)FE
HEHEMAS S, TARE RN SO . fE XA )8 IR AR N SRAR X [A]

K X 18] 3 01520 0.999 AT 1.001,  BEHT 2 i bR B EE I B OOR, WEI3(b). A 3(b) AT B
THEREMWE DI . IR RE, RIGFILERE S, @il TRENFRZHE, BNt
bR R G (BBE S NGE, % “solve it” AR NAI SHRRES), RIRRM. BB, 75
AJE 1.000208 £ 1.000192 AR HE EAK 7] /L) 4347, R BZHUE 1.000192, HULTHEH A SR EE =
(R — 1) x 100% = 0.019%.

512 ¥ CASE T cxaw = 0.10 mol - L BRI W, DTVE IR AT )5 pH = 10.0. 75 275 B ITTE
ARV WUE A [CN TR 2, THE CAS E M . (CdS: K, =1.0x 1077 H,S: K,=13x107,
Ko.=71x10"; HCN: K,=62x 10" Cd"-CN L& F: B =3.0x10, B=4.0x10", B =1.7x
10%, Bi=6.0 x 10*)

. fRGOCETETICN ] @S, B2LLF A, HPx®RR[CN .

K, (Bx +2B,x +3B.x° +4B,x")  (0.10 —x/9 (1 + fix + f.x° + fx" + f,x)

(0.10 = x/5,_ )0, B (Bx + 2B,%° + 3B, + 48,x")

FKATFHI 1, AT FERIANSE LR, FHEZES%/R, 7E Function W) REIX fii N\ J5 H i
“Finish” %4 .

kl=13e-7;k2="7.1e—15; k=6.2e—10; h=1e—10; ksp = le—27;

bl =3e5; b2 =4¢e10; b3 =1.7¢l5; b4 = 6¢18;

auxl =1+bl *x+b2 *x*2 +b3 * x"3 + b4 * x4,

aux2=bl *x +2 *b2 * x"2 +3 *b3 *x 3 +4 * b4 * x4,

aux3 =kl *k2 / ("2 + k1 * h+ k1 *k2);
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Function Function
% book 5.13 =l % book 5.13
k = 10 A (2#(0.08-0.545)/0.059+6); Kk = 10 A (2*(0.08-0.545)/0.059+6);
aux1=5* (x + 1)A2*(0.10001-0.09999*x)"2; L aux1 =5 * (x + 1)A2*(0.10001-0.09999*x)2; 3
aux2 = (1.09999*x - 1e-5)"3; 1 aux2 = (1.09999*x - 1e-5)A3; 1
aux3 = (0.049995*x - 5e-6); aux3 = (0.049995%x - 5e-6);
y = k*aux2*aux3 - aux1; I y = k*aux2*aux3 - aux1;
Finish [ Function DB | [syntax | [ ciear | | Finish
Action Action
[ Plotthe function |© from | 1e-14 [to | 1 | or [ Piotthe function | from | 0.999 | to | 1.001 |, or
@ around = 1.0 |, with| 10000 points, | solveit © around = 1.0 |, with 10000 points, & solve it
10 x10™"
2
2
1
" 1
0 o =5
1 o o 0
= S
o e o ; \
3 2
4
3
5
0997 0998 0999 1  1.001 1.002 1.003 1.0002 1.0002 1.0002 1.0002 1.0002
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X | =)
(@) (b)

E3 1 5RENEEG
(a) £ LOMHE S, (b) 0.999—1.001 -4
BT RRCA R

aux4 =k / (h +k);

y =ksp * aux2 /(0.1 — x/ aux4) / aux3 — (0.1 — x / aux4) * auxl / aux2;

Cd”-CN &P AE U [CN ] < 0.10; {H & CdS FR# X, B i Cd R, #ICN JHA
SR/ IXFE, RENECN MRA W ReA T HAEBARSRIR X (A 107" — 129, T2 B Sd “Plot
the function” #1724

BUEE st E, MREEE RS x L RA -, B 4@iim. ESLBOEIRE K
MILSEAR =N, WE4b)FR. B T8 m)E, 8l TEARFRBE, 75l sk
Aty R(BBE SR NGE, 5 “solve it” B RT] fdiRE), SR JE KARMS M /MR 8.5877 x 10 A1
8.6347 x 10, WIMRARYZIL, Pl 4(a)h Bk A H — 3R

JIREFEIIR0.10 — x/0 SZ KT, KANEEMAN, [2x<0.08611. FrEl, £F& 8 RZ
8.5877 x 10> mol-L '

HATEH IR, E4b) P HEA 3 ANAE A, FEH S B EE 0.086 11 FRT i — N EWr i . 4
BRI, EESHMIFERFELL0.10 —x/6,_ ), FREHATRAE, MABEGHHAEGHNZA. 4R,
XS AR AR UL R AR B, T LR 0 T SR AR [

513 HCH 0.050 mol - L' ¥ HLCO M F T IRB 58, T RIRMEH T HRK. HRIK IR AL
K, HrCa ik EZ190.0070 mol-L™'s THEIZIFW M pHe (CaC0s: K, =23 x107°; H.C,0s: K=
59% 1072, K,=6.4x107)

g TS, B[R

(H] +2 Kspi _ +K,[H*] ++2K,K2 (0.043 . Kbpi

[C,07] [HT+K[H]+KK,\ [C,0% ]

K
0.014 + —* 1
]+ T H (M
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Function Function
%6.14 @l %6.14
k1 =1.3e-7; k2 =7.1e-15; k = 6.2e-10; h = 1e-10; i k1=1.3e-7; k2 =7.1e-15; k = 6.2e-10; h = 1e-10;
ksp = 1e-27; m ksp = 1e-27; 1
b1 = 3e5; b2 = 4e10; b3 = 1.7e15; b4 = 6e18; b1 = 3e5; b2 = 4e10; b3 = 1.7e15; b4 = 6e18;
aux1 =1 + b1*x + b2*xA2 + b3*xA3 + b4*x 4; aux1 =1 + b1*x + b2*xA2 + b3*xA3 + b4*x*4;
auy? = h1*y 4+ 2*h2*yAD 4 3*h3A*yAR 4 A*hA*vAA- ad auy? = h1*y 4+ 2*h2*vAD 4 Y*h3A*vAR 4+ A*hA*vAA- =
Function DB Finish [ Function DB | [ syntax | [ cear | | Finish
Action Action
Plot the function (@ from | 1e-14 | to 1 ,or Plotthe function |® from | 1e-14 | to 1 ,or
© around = 0.0 |, with 10000 points, & solveit © around | 0.0 |, with 10000 points, | solveit
x10*
0.02 L
2 o
L
0.01 .
1 R o
7 i
VIR I
0 g SO
0 % \o'.
Lo.01 4 2
- .
of
Lo.02 2 ¢
102 107! 0.085 0.0855 0.086 0.0865 0.087
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(@) (b)

E4 fHl275E00EIEG
() KRG (b) 22 i MR FROR &

HL T RO 1
K.
(.05 = ot (0043 + Ko @)
[HT + K[HT+ KK, [C,0} ]

JiFEAH A AR ENECR [HIM[CO: 1. #HRHARANRQ)LATH E[C,00], BPAT#3 3156 T [H M 7 2.
fEFARSRAER, KA LERESE RN R, Bl EZin. TR0, HoH
A% & aux3 218 (DB BIHI[C,0% ). 7 Function DIHEX # N\ J5 Badi “Finish” %41,

ksp =2.3e—9; k1l =5.9e—2; k2 = 6.4e—5;

auxl =x"2 +kl *x +kl *k2;

aux2 = (k1 *x+2 * k1 *k2) *0.043 /aux1 + 0.014 + le—14/x — x;

aux3 = (2 * ksp — ksp * (k1 * x +2 * kl * k2)/aux1)/aux2;

y =aux3 — k1 * k2/aux1 * (0.043 + ksp/aux3);

FEBAEERAN IR X 7] 1074 -1 WK, WK S5a). B 5 RE 0, Bl “solveit” %4, 15
Fx=0.1004. HZ&, ENEREGLFERATF, F80.050 mol-L ' H.C.O, B 58 A& B, [H1A4
70.10,

TR BMG AT Ak 5 s S x ARSI 0L, 25 R L 5(b). AMHRTBUREL,  £E 0.04 P i i HUE &
I IEAE, {H2 T BRI SRAR X ()0 55 O E A 22 KK, BUff 0.04 BT A sS A 2, IERBUE
AR e H I

BT ERAHT, /N RARIX A, 400.03-0.04, FEHLE, BIARE[H]=3.97 x 1072, XA 2
EA i, FrblpH = 1.40.
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Function Function
% my book, 6.6 = % my book, 6.6
ksp = 2.3e-9; k1 = 5.9e-2; k2 = 6.4e-5; ksp = 2.3e-9; k1 = 5.9e-2; k2 = 6.4e-5;
aux1 =x A 2 +k1*x + k1*k2; L aux1 = x A 2 + k1*x + k1*k2;
aux2 = (k1*x + 2*k1*k2)*0.043 / aux1 + 0.014 + aux2 = (k1*x + 2*k1*k2)*0.043 / aux1 + 0.014 +
1e-14/x-X; 1e-14/x-X;
aux3 = (2*ksp - ksp*(k1*x + 2*k1*k2) / aux1) / aux2; aux3 = (2*ksp - ksp*(k1*x + 2*k1*k2) / aux1) / aux2;
= auy . k1*k?2 [ auvd * (0 NAR + ken [ auv3): _ = v = auy? . k1*k?2 [ auvd * (0 NAR + ken [ auy3): . "
Function DB Finish ( Function DB | [syntax ] [ cear | | Finish |
Action Action
Plotthe function |® from | 1e-14 | to | 1 |, or Plot the function |© from | 1e-14 [ to | 1 |, or
© around | 0.0 |, with| 10000 |points, © around | 0.0 |, with 10000 |points,
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