Advances in Analytical Chemistry 73 #r{L 238, 2023, 13(2), 143-148 Hans Y
Published Online May 2023 in Hans. https://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2023.132017

PR ATERTRLR E L8 R F B

A
FARRFER, TR HII
ks HiH: 20234F4A11H; FHBEM: 20234FsA1H; KA HM: 20234F515H

B

WELRY, WRFEELBRERN—TEZFRXMAERANREL . BT, XT2ERNE, &1
AW AR NI EZRRSG . HERRERPERS, ARBERTH, REFRAEAEELHEKNZR
WHER TS RN B L R AT BHX—R, AL R G M (NaOH) 735U 2 B — FERESH
(KHP) DA X iR (HC) ISk %e, RIS KA pHTH RBIBKIE A4 . BRATEL R € th £ 5 2 H 2 RERTEE
EEISEIO R A SR BT B, LN IR IR B & M A E KB

XA
RugwE, WELR, B, B

Determination of End-Point of Acid-Base
Titration

Juxiang Ruan

Department of Chemistry, Southern University of Science and Technology, Shenzhen Guangdong

Received: Apr. 11", 2023; accepted: May 1%, 2023; published: May 15", 2023

Abstract

In titration experiment, it is an important factor that we could judge the end point of titration ac-
curately to ensure the accuracy of titration experiment. However, to judge the end point of the ti-
tration is always a major barrier for students. For example, in the experiment of neutralization of
acid with base, phenolphthalein was used as an indicator, but many students could not correctly
judge the end point which the titration has reached through the change in color. To solve the prob-
lem, we designed an experiment of titrating potassium hydrogen phthalate (KHP) and hydroch-
loric acid (HCI) with sodium hydroxide (NaOH) in this paper. The end point was indicated by both
pH meter and phenolphthalein. The range of titration jump was obtained by the titration curve. By
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experiment photos and other auxiliary means, we could find the appropriate color at the end point
of titration compared with the titration curve.
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GIRZ AU, RSB BER MR iR 22 . AR R 7L 7 2 T i P s & SR E B A 5
FWE[2]: FeRALSEW AL T I SR ARG 2 T FE R R s R ZE TV [3], VR AR oA R, S
KR EMRIE U, M T SRR i 2 SR ZE B A A R [4]. (B FTE R ZE TS T R U
Hff TR 7 2 AR B b, A R ZE T SR =

E o W T e VA R B — P T i, R 2B T A A S e v B R A SR . Hoh Bt
FRTE A 8 - 45 A e BALIE TR E . DU E . 7EIXEL 8 1 S0 56 Hhod o 7 ZE A5 Bhie e n 4
Mo AHRF PR /R B 28 s AZTEAR K P, 7RSSR iR PR 2 R RS IR U i e 48 i ASE
IS ET T RBR 2, FIRHER T pH BRI /R & A k2R MBS R ORI e 2805, et ¥
ARFUAT pH TR /R 5. IR AT DA iR e 2k, 244 CR BRI S & 5 pH .

2. ElAR

R FRE T LT s2E, A 0.10 mol/L. 0.01 mol/L. 0.001 mol/L ] NaOH 435113 %€ 0.1000 mol/L .
0.0100 mol/L.0.0010 mol/L ] KHP; LA 0.1 mol/L.0.01 mol/L.0.001 mol/L [J NaOH 4353 % 0.1 mol/L-
0.01 mol/L. 0.001 mol/L /] HCl. 36 [FIE KA pH i L Y ERFE R 48 55
2.1. SCIGRR#F 5CI8iR

[S2088M]) - 740 BT K F(mettler ME204E), pH il (mettler FE-20), 4555 (bomex, @), %
(250 mL, bomex), FEE (25 mL, bomex), %A (250 mL, #4:), WE S, BHIE( mL, eppendorf).

[230f7] « S BI(NaOH, KiE4EID), AR —HREMKHP, SHFAHA), THER(HCI, #kH
BAR), BMELIERA.

2.2. SLEdIE

[ NaOH &Y - MHEAFFREX 1.00 g NaOH [#E{4, k% 0.10 mol/L f*) NaOH ¥ #% 250 mL. #£H¢ 0.10
mol/L [¥] NaOH V7K 25 mL, 3% 250 mL S&MT, THEZEL, 155 0.01 mol/L [¥) NaOH ¥ .
TR HEL 0.01 mol/L ] NaOH &% 25 mL, ## % 250 mL A&+, E©A8ZEZEL, 155 0.001 mol/L 1
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NaOH ¥ .

[ KHP L1 1: AR FREL 5.10 g KHP [E44, B/ 0.10 mol/L ) KHP ¥ 250 mL. #£HX 0.10 mol/L
) KHP ¥ 25 mL, #5848 250 mL &Y, EXEZIELZ, 193]0.01 mol/L ¥ KHP K. %I
0.01 mol/L ] KHP ¥A¥K 25 mL, #8542 250 mL &), 5 £ 2% 28, 435 0.001 mol/L 1) KHP ¥ -

[HCH AR 1 RS B AERR AL B 2.08 mL & ERFRVA, R A% 0.10 mol/L 1) HCI ¥ 250 mL.
F£HX 0.10 mol/L ) HCI ¥ 25 mL, ##%2% 250 mL A EIT, E©REZIEL, 153 0.01 mol/L ) KHP
. FFZEL 0.01 mol/L 1) HCI %5 25 mL, #£F2% 250 mL A&, @R EZIEL, 5% 0.001 mol/L
) HC 1AW o

[ seie ) - B2 ik I NaOH ¥ 5 50.00 mL (i 2 &, FIRS WU M BUR [RIWR B i) KHP
FEOE HCHA RS 100 mL BIBERt o, ZEREAR i b 2~3 S ke 7~ 71, R4 pH TF R R 2 .
WELEM N, FHI0 5% & [ RFR pH .

2.3 ERERSWE

2.3.1. 0.1 mol/L NaOH ;&€ 0.1000 mol/L KHP

Fe VR PBE () SRR S5 R I SR, FRATM B 12 R, T 4 RUTE pH E 2 8.80 i Aq s T [RIESRH
MM BRAEFR R AL R pH = 8.40 BHARIF A &t (14 1(b)), i 20— (%) 0.05 ml), ¥ pH 1E
AR 9.27, WEEAS N (A 1(c). XL YR, M pH MW LORE, RdE—&, WPt
A DA — e B NaOH &R IR EE ELEOR,  IIN—1i% NaOH 5V pH AR L LA B2, DRI i
SO RAR I . R, 7 R RS IR R SRR S IR, IR IR AT R 2

0.1 mol/L NaOH{#i x£0.1000 mol/L KHP

—
O O = N W

pH

O~ N WR VO ®

0 5 10 15 20 25 30 VNJOH 2560 mL pH=9.27
V (NaOH) /mL
(a)
Figure 1. (a) Titration curve for 25.00 mL 0.1000 mol/L KHP versus 0.1 mol/L NaOH; (b) (c) Color
change of end point in 25.00 mL 0.1000 mol/L KHP versus 0.1 mol/L NaOH
1. (a) 0.1 mol/L NaOH 3&E 25.00 mL 0.1000 mol/L KHP B:&EE/Z; (b) (c) 0.1 mol/L NaOH
S 7E 25.00 mL 0.1000 mol/L KHP & St 25 ik

2.3.2.0.01 mol/L NaOH 3 0.0100 mol/L KHP
R P SRR 55 IR I S 3 AT 2k E (14 2(a)), W& mft pH fHN 8.80 A£ifi; 1M
[F] B R FH I By PR E FR 7S TR 5 A& pH = 8.63 M WA ARt (14 2(b)), ¥R pH EAE A 8.87, HlH]
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Figure 2. (a) Titration curve for 25.00 mL 0.0100 mol/L KHP versus 0.01 mol/L NaOH; (b) (c)
Color change of end point in 25 mL 0.0100 mol/L KHP versus 0.01 mol/L NaOH

2. (a) 0.01 mol/L NaOH 5&ZE 25.00 mL 0.0100 mol/L KHP KIEEHIZE; (b) (c) 0.01 mol/L
NaOH 5% 25.00 mL 0.0100 mol/L KHP £& S 2 254k,

2.3.3.0.001 mol/L NaOH 3&3E 0.0010 mol/L KHP

ARSI B TR FE KA, 72T E i 2 b 11030 58 SR BRAN I v R P2 o () W (1] 3(a)) . 38 pH Tk iy
&, AR I pH M 8.44 B, FFUAH BURLL (] 3())s 4SRN 1.00 mL NaOH ¥ i (1) Bt
— (1 3(c))s FEFLkSE N 0.50 mL ¥A R T B RS- — AU 3(d)). AT LMIEIR B2 A W e B, YR
FRoR& A S, T PIBL IR AT o 38 Ik 2 T S — T R G N VA B 4 T 2
M, ATRES RN IR .

0.001 mol/L NaOH{i##£0.0010 mol/L. KHP

10
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Figure 3. (a) Titration curve for 25.00 mL 0.0010 mol/L KHP versus 0.001 mol/L NaOH; (b)~(d) Color
change of end point in 25 mL 0.0010 mol/L KHP versus 0.001 mol/L NaOH

3. (a) 0.001 mol/L NaOH ;&€ 25.00 mL 0.0010 mol/L KHP B97&E #hZk ; (b)~(d) 0.001 mol/L NaOH
SAZE 25.00 mL 0.0010 mol/L KHP & S i 35k
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2.3.4. 0.1 mol/L NaOH 3#&3E 0.1 mol/L HCI

1 0.1 mol/L NaOH i %€ 0.1 mol/L HCI i (4] 4(a)), FH pH FEYEKH RO VETE R & . BT e &S
i} pH = 7.00, T Bk (1 BRS AR (A7 ]y 8.20~10.0, IXFEAT IER 5 28 5t 23 EL K i 2 & pH = 7.00 i,
EWFEO AR, 52 139(0.04 mL)IF, VAW pH = 9.17, BRI AL AR 6. TRk E
R, FINIR 22 2 BOK o TR PR IERE — AN S50 v, i B pH T3 5 28 555 & 2. 24 A 0.01 mol/L
NaOH %72 0.01 mol/L HCI B (14 4(b)), RIS LikHE .

. 3 i 20.
0.1 mol/L, NaOHi# 0.1 mol/L HCI 0.01 mol/L NaOH{i§ x£0.01 mol/L HCI
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Figure 4. (a) Titration curve for 25.00 mL 0.1 mol/L HCI versus 0.1 mol/L NaOH; (b) Titration curve for
25.00 mL 0.01 mol/L HCI versus 0.01 mol/L NaOH

4. (a) 0.1 mol/L NaOH &3 25.00 mL 0.1 mol/L HCI A% E/ZE; (b) 0.01 mol/L NaOH & 25.00 mL
0.01 mol/L HCI B3 E Bh4k

0.001 mol/L NaOHifi{ £0.001 mol/L HC1

—_
(=

pH
S = N W A L O N 0 O

0 10 20 30 40 50
V (NaOH) /mL

(a)
Figure 5. (a) Titration curve for 25.00 mL 0.001 mol/L HCI versus 0.001 mol/L NaOH; (b)~(d) Color change of end
point in 25 mL 0.001mol/L HCI versus 0.001 mol/L NaOH
5. (a) 0.001 mol/L NaOH ;& 25.00 mL 0.001 mol/L HCI BY5EEHLE; (b)~(d) 0.001 mol/L NaOH & 25.00
mL 0.001 mol/L HCI FY48 SB35k
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2.3.5.0.001 mol/L NaOH 33 0.001 mol/L HCI

0.001 mol/L NaOH i 7 0.001 mol/L HCI i 2 H (14 5(a)), i pH /R &, R FnEnh. 78
XK E R, pH = 8.24 I (& 5(b)), W H BT H 30 s ANk, 4k4E5n 1.00 mL NaOH, #7k pH =
8.40 I, W BLRLL (1A 5(c)); FE4kLER N 1.00 mL NaOH, ¥ pH = 8.67 I (14 5(d)), I&EWIRL IR
— . M E MR LAE I, WEL SR pH=7.00 247 . FrLARERE HEER pH 1578 45 3 &
Ao TRRFIFERZ S, M i,

3. &hig

SRUETH SR , RAMEEGE pH THERZ SERAT DL [ERERIRZ, AE 2 mR S R R
(1, BYERAEFR /R AR, K BUAT B 30 s AR RIAFE R4 o ST 3 0 2 37 Bl — i R s
WA PIWT T, XS R IRZE . SR & SRR, AR 2, BAPRH pH THER& .
WEEM 0.1 mol/L 1] 0.001 mol/L, ¥ i FEBRER LU B R . AR SCH, AR FE (0 S i i (IR FE (15 R, FH Iy
FRVEFE SRS, 7 22 AFO) 2 R B AR B /N o AEUI R 8 26 i B, R NI B 2T BT, 40k 4830 o i o 551
LR PR AR .

SE K
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