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Application of Python in the Teaching of Acid-Base Titration Analysis

Wei Li, Xin Li, Shuheng Jia, Haixin Bai, Shiju Zhao, Lulu Wu, Haiyan Zhang, Cailing Fan "
College of Science, Henan Agricultural University, Zhengzhou 450002, China.

Abstract: Based on modern Python programming technology, we independently developed a graphical user
interface (GUI) acid-base titration learning software. It can achieve the visualization of titration curve images for
different acid—base systems such as monobasic strong acid (base), monobasic weak acid (base), polybasic acid
(base), and mixed acid (base), as well as the calculation of stoichiometric points, titration jump ranges, and titration
errors. The application of software makes the teaching content more intuitive and visualized, helping to gain a
perceptual understanding of the changes in titration curves and a profound comprehension of its concepts and
principles.

Key Words: Acid-base titration; Python; Learning software; Titration curve; Titration jump; Titration error
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12} — HQI0.1)->NH;H,0(0.1) 12} NaOH(01)->HA(0.) K, =10x10-
\ —  NaOH(0.1)->HA(0.1) K,=1.0%10~7  pR
N —  NaOH(0.01)->HA(0.01) k,=1.0x10~ " g
10 (20.02,9.70) 10+ ACHIBN >HADON fee L
20.00,8.72)
8 9.98,7.74) 8
I I
a S
419.98,6.26)
6 ;
£0005.28) 6
20.02,4.30)
4 1
4
\
2 iy
$a ot 2
100 150 20.0 250 300 350 40.0

0.0 5.0

VimL

0.0

5.0
VimL

100 150 200 250 300 350

B3  HACHINH3 -HOH3 5 i £& (a) & AN R 58 5 — 7o 55 R HA B (30 52 il 22 (b)
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EI3(b)%h i T NaOH 3 & = Fh H & AR 58 B 1 — JC 55 IRHA M 2 1h 28, il &5 20K 53 N
1.0e-3+ 1.0e—5F11.0e—7. "] LLEH, AHFEWILGEEKEFY290.1000 mol- L HYZ&AF T, e 4 i s B
JUP RS, A2 e e R MR A K, B iR S 5 B0 AR /N, 2 S8R T BRZ T
E#, WK E AN A . FHERENAE, MRNEEEHCON1.0e-7, VIGEKE T F#£30.0100
mol-L'i, ¥l REK LR R AET TR, R e REKE B UCRN9.30-9.40 (RS ™ E, K RFRR),
M LAER B A IE R R A, B AR /R A e 2T A0 W, TTikdEmm e . LR R aomrRm, BR@)
F4) 5 P R 94 FEE 1) B 00 52 M 3 o SRV L ) /N o DRI, 2437 5 1 25 SR FE£0.1% PA Y I (B4 B FE 7R
7 I 5 2% RS AN 5 P 0.2 pHELAL ), G PhegpKa = 1078 (cspKy = 1078)VE Sy 4 7 55 R (k)
A 75 R ¥ 1 A S 03T, e e, R TR B A R B E AL 2 T B B AT IR P

F 145 H T NaOH(A R 940.00 mL)¥H 72 59 B AN [F] 50 5 — 70 55 B2 (AR 2920.00 mL) 35 72 € 8K
TGl ApHAN— [ A 42 Hp e e (X SRR A5 S35 R B 2 1 R A RO E it 4 B3RS . |
(D)—G)YHEIETT 5, 24— eI MRAL i R oop FHHL 5 R 5K 1) T AR ) 47T 2 VHE Al i o 240 ) =X
(cspKa = 1078 ERES, EARTE € RV E, (HApHANE S{E A 7 A HE T0.4 pHEALATO0,
Ub, W e 2R 5 3RS, A mT DL I A 9 E SRR TR T0.4 pHERLL” SR T HER T 2
SFIFIBY, GERINAL 2B O E IR 920,00 mLI, 55 B (B0 (6 A B R 5 40 R AT DL gy
AR KT 107 HEAT HIWT o b Ak 9 T o e v 2 0 30 1) 5 AR o B R S50, B o2 i 2R & 1 3R A5 e
AR FAE AR EIESE, TRT “ihdskF” DIk,

1 NaOH¥H & SR BN ] 58 BE — 70 59 BR F W R % BR Vi3 L 0 — i S 20 ity £ 7 B e e B

5 WIgaik e/ mol L™ i E K Eeg/(mol L) MEEWHK. W R ApH W 75 {ELA/(pH unit-mL™")
1 0.200 0.100 1.0 x 1077 9.79-10.21 0.42 10.7
@ 0.020 0.010 1.0 x 1076 8.79-9.21 0.42 10.7
3) 0.004 0.002 5.0 x 107 8.09-8.51 0.42 10.7
) 0.002 0.001 1.0 x 107 7.79-8.21 0.42 10.7
) 0.0004 0.0002 5.0 1075 7.16-7.54 0.38 9.6
©6) 0.002 0.001 1.0 x 107 7.00-8.04 1.04 30.2
(7 0.002 0.001 1.0 x 107 6.29-8.01 1.72 57.9
®) 0.002 0.001 1.0 x 1072 6.04-8.00 1.96 69.6
) 0.002 0.001 = 1.0x 107! 6.00-8.00 2.00 713

H1(6)—(O)ZHEHE T A, IR 9 FE [ 52 290.002 mol- L™, i B espKa = 10 HK AW K H
1.0 X 1070, 2 RKEE AW . ApHANGE SHEAMRKIKIG R, ¥ 2 IUA 2 M pH#H & REX.
YR ERK, = 1020, RO LDEELEEE, JLIFReME, e RIKIGE . ApHAE S E A
JUPAFRAED . b, B E2) MBI PR 1F )@ EHE, o7 LURIAEFRWRE %4 T, |
FRRMGRELRT T, — oI5 BR R 17H & SSBRE . ApHR U =B A B S8 /N T — S0 9 R (B 11 #H B
A ET Y
2.3 ZIURR(B) B E

% UL (B) F)7 72 LANaOH—H>C,04FINaOH—H3PO N B, MR 4E 38 1. 4/N A5 i - B AR,
e “BRER” TR, EHEEHYNE R, B35 2 7INaOH 1 Z & 143 51 24 0.1000
mol-L™'F140.00 mL, #i#%)2 JGIRH.C204 (BEH3PO4) FI3K & FIAAFL 7351 240.1000 mol-L ' F110.00 mL,
H2Co04 1Ko F1K w253 51 N 5.9e—2H116.4e—5 (BH3PO4IKa1« KaaF1Ko353 5 N7.6e=3 6.3e—8F14.4e—13),
Kl4(a)4s i T NaOH—H,C204HINaOH—H3PO4 1% 5E M 26 1R, 0 € 70 BON Bon AR . El4(b)4h
T AH R E 2 1) S B ZR, S R BN RR AR . tHIEI4RT LA, NaOH—HLCoO4 i X FE
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SE 70 HON2.000 7 14~ W A2 I pHI /E SR ERACAL, L3 A0h 2R 7530 € R 81 0920.00 mLAE, BIfL =21 A
Koy — A KHIRAS, IR ARIE116.6. X Fh 222 02 W] — JE IR H2CoOaf¥ Kat A K an HH Z2 /1N (1 15
WA L5 T 10%), AREAEFEEAT 72D, R A% —JuliR — IR &, DU 1ML B R A
T 5E FREK o

a b) 120,
( )12 —— NaOH(0.1)->H,C,04(0.1) e ( ) — NAOH(O1)->HyC04(01)
NaOH(0.1)->H1P0,4(0.1} /’ - NaOH(0.1)->H3P0,(0.1)
F 100
10 ,
T 80f
8 E
= 5 6ol
6 i
Th 40
=3 |
4 T
/ 2
2
0.00 1.00 2.00 3.00 2.00 =1 = 2 % 2 = %
F vimL

B4 £ ITERHC20 80 H;POKITE E i 28 (a) & H S35t 2k (b)

NaOH—H3PO4 7535 7€ 73 BN 1.00 812,008 25 &2 B 14558 B 2 I pHi 2 SR ERAR AL, L 540 th 28 41
I b H IR Vi 8 AR AR 29 10.00F020.00 mLAk,  BUEE —FIEE Ak 2 ih & SR 40 A — AN ORI RAR, 5
I E S N T.0F16.4, W& /INT- b dEAE E A 0 SUE SR I S E 10, X P i 28728 k3R B = JC R H3PO,
1 Ka1~ Kaa 1Ko A8 22 5K (FH 21 i 25 3 B LA R T-10%), Bete k0 2D e, (BAUA2 ML & A
BRI A e S R H S 5 T DAAE AR 2 B, E B IR ZE K (> 0.1%) o 5 DAL AH 410 2 i 25 40
FCAEIEA R K, U193 2 R ERVE B A F A i 26 s E R /. Z 0 E TRAMER, SEBRaHr
HRAE A 20 M TE VP IR 22(0.3%—1%) . 2448 FH R S48 (28 380 ) A 7 B P R (238 ) o AR SR 3 — 2K i A
S LIRS R A, S R A —0.44%810.29% 1, Ak, BIFKaHUE KN, EIHPO FRE
K55, 5= JARE FIH A RE 4 B B, 5763 2 70 213.00 40 A3 2 7R FH2830.00 mLAL$E %
AR RAAME R —3. ERTHE AT masRH, —RANERAER LTSRN A LA
PRI 0 4518 R AN IE R o
2.4 BEER(W)HREE

TR AR () )37 7€ LLHC1—>NayCO3 MINaOH (EiNaHCO;)iR &8l ], ARIE 1k 1.4/8F5 dr 4
VERAE, 76 “TRIM I IR N, B9l iy iR A0, 13 B e FIHCIHI IR B AAFR 451 250.1000
mol-L™'F140.00 mL, #{i#E#/Na,CO; M NaOH (5iNaHCO3)7E & WA F1 510.00 mL, ¥ JE 1) °40.1000
mol-L™!, NaOH¥]K, N 1.0e14, NaHCOs 1Ky N2.4e—8, NayCO; /) Koi Al Kpo 73 7l W B N 1.8e—4F12.4e-8.
PR AR A B ) o 2 B SR B 1 5 43 0l G L S () RS (b) BT, s A AR 2 Jal) S s R A 43 3R
I R AR

H ST LA, HCl-NaOHFNa,COsiR &I, 753 & 7 BN 1.00F11.50 40 % tH B 1N B 12
HIpHI € FEERARAY, X 7 5 250 48 43 790 76 37 8 AR 8 2920.00 mLA130.00 mLAk, RIZE—RIEE — {02
T AL — N TEW /N FAS, WS N2.0815.3, /N T EaR dERR G E ) g S 10, X
T it 26 722 A 2 B NayC O3 1 Ko AT Koo FH 22 50/ (i 28 15 B LLAE 323 7104, /NT-10%), Retdi o 2D e,
B2MEZ R A, AHR E M AER AR, R 22 KT — e 59 B (BR) ME A R e 4 ) s B K5 R B IR
SEH T NaxCOs 28 — 25 A 25 (8K ) FE FE 3 K, NaOH R NaxCOs A BE 5 #4325 Wi 52, RINaOH Al
NayCOs 55— 5 iR B I OH [l I 4 — VR 2 - [B15(a) i 7E 20 BN 0.50 4k % A W 22 31 85 B 15 () pHLG o2 58
BRAR AL RN 5 () 8 AR AR 2910.00 mLAL % A R IR 1 948 1) R 4% EIAIE iR HER .
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(a) —— HCI{0.1}-> NaOH(0.1)+Ma,C0O,4(0.1) (b) i2 —— HCII0.1->NaOH(D.1)+Na;COs(0.1)
12 HCI{0.1)-> NaHCO,(0.1) +Na,C0.{0.1) HCI0.1)-> NaHCO,(0.1)+ Na,CO,(0.1)
10
10 epd
]
=
8 =
c
5 z S
=
6 <
o
4 1 [
-‘_\ 2 J (
2 G, 9 \ I
— M - Vel o —
0.00 0.50 100 150 2.00 250 0 10 20 30 40 50

F vimL

B5 7 FIE S BRI R 28 (a) X L S B 2R (b)

HCl—NaHCO;F1NayCOsft}, 7E 3 & 2> BUN0.50 411,500 70 5l A 145 B 8 1) pHRG < 2R kA8 1k, H:
SR 2 A B b 7E % E AR FH H10.0041130.00 mLAL, BES— A1 S8 Ak it B A AN A — AN TE W /N
AR, XAl e ARk — B R BINa,COs 5 — B 5 B R B OH Res o b &, & B2k
THE A LIRTHE TR, AR R e il 28 5 I 5 0 it 28 o i o 98 B R AR ) Xof L PRI AR AR B (B K /DN
AT HEWT R FIVR SR AL . b, PR A pH 2 SR EREL R 4 Sl R A AEpH A8 3139 it
SEBRAFAE A 7350 328 FH 1 AR FE SRS R S Fa R, RISRFH RUHR 71 7709 0 5 Ve Ak P 2L RS 15 L
2.5 BRBHERENITE

L0.10 mol-L ™'Y NaOH ¥ & 25K FF H3PO4 HACFIHCHE UG, TH5H 2 5 LA By BR G & 256
TV E AT, pHep = 10.0)y EREK(pHep = 9. 1)FTH JEHE (pHep = 4.0) 47 € 28 i 48 7n A BEAT 23 Hr B 14035
EARZEN . B SRR R T v 4 ) A N B s 2R, an 6T . H i e i 2R G AT A bk =R
TR 8 R R A 22T E 2 SRR V2 5820.00 mL. LR TE 1 e 26 B i o SRAR A B, G 9 “WSINE
227y NZ& 55 pH B35 75 738 0 55 i pHep 9 10.0 (MANaOH—H3PO N ), #iihy “OK” Ja4f 44 (0
5 MRS, IR T MO B AL, RARFREF LI AR Bk “ 47 FIAR, K g
TE M2 A8 s A JRy SR, R SR A sk “ 17 FIR e A E R, R I s AR X B PR AL
FRNaOHH FEMTARAR Vep,  RIFR N & 28 s ALAR (Vep, pHep)N(20.058, 10.0) 0

—— NaOH(0.1)->HAc(0.1)
12} —— NaOH(0.1)->HCI(0.1)
—— NaOH(0.1)->H;P04(0.1)

w BREGEEE) = ]

pHep 10.0
Vep  20.058

Vep 20,00
TE% o0.290

0.0 10.0 20.0 30.0 40.0
VimL

B6 A FIBRR E G R EIREN RS R
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B “ TR SRR ECERE)NF, SN RS S R
(20.00 mL). ¥ £ sipHep (10.0) LA % i 58 2K w1 3k N A7 58 AR AR Vep (20.058 mL), it S %4 R
A SR B R ZTE% = 0.290, H1 646 K s .

FfehHh, B El6F NaOH—HACHI NaOH—HCIF P 8 74 5 (1 1 28 EUE 7T 3R A5 AH B 28 s AL bR S
B3 1128(20.005, 9.1)F1(19.959, 4.0), MM THE 3R € 1% 22 TE% 53 41 90.025F1-0.205, 3445 1)
THE RS AR R A R — 8,

3 4HE

SO TR 4 M0 SIS B ARR RS, 5 TPythonRARIE S, RAPYQSHITIF K
T SN (GU)BR BT 58 2 =1 B0 o %8Pk P T BEH RV R 7, 075 57 53 2% ) o ik
VR, AT AR E S BORE, BN ERS TR BB A AT A 17 28 R R T Ak 2R 1 o it
PR, RN E T LS AL 2 B L T SRR B IR ZE T, R BRI . R
MRS . B T, TC T e B R AR RN, 7 B 276 Windows F & _FIE4T, 8T #Um %0
R A R

W
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