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Revealing the Coloration and Color Change Mechanisms of the Eriochrome Black
T Indicator through Computational Chemistry and UV-Visible Absorption
Spectroscopy
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Abstract: Eriochrome Black T (EBT) is a widely used metal ion indicator, whose color varies with the pH of the solution
and differs significantly from the color of its metal ion complexes. This makes it an effective tool for indicating reaction
endpoints, with broad applications in analytical chemistry. In this study, computational chemistry methods were used
to investigate the molecular structure of EBT and its complexes with typical metal ions (Ca?* and Mg?*), calculate their
UV-visible electronic spectra, and analyze the intrinsic relationship between molecular structure and
electronic spectra. Additionally, UV-visible absorption spectroscopy was employed to measure the absorption
spectra of EBT solutions and its calcium and magnesium complexes under varying pH conditions. By integrating
theoretical and experimental approaches, this study elucidates the mechanisms behind the coloration and color
change of EBT, providing insights into the structure-property relationship of this indicator.
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BT — R R0 &R B T HOR A, ZEVT BEpHE (8 b I ARSI (pH < 6,30, %
ZLth; 6.3<pH<IL6R, Wifh; pH> 1160, H{). #BTEAFpHEER T RIARKZIE, I
FHAMBOEL. WEIPOR, #BTHFEEHAEN. —MERERMH I HRE, & 4=Th
BLER, S RS A, AEGEE, R BB F (oI HIn® . In®). V4 WA R EEAR
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SOzH S0, SO3~ SOz~ SO3

N k /N N /N /N
N ! N e NS or N k N
OH OH OH o o
(X ® ® § ]
3,

Hln HaIn~ HIn*™ In

Bl BT T4 REKERT KZE D B R
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BRTERBT T SZM=M. “MhERETHREENZEY, ZERA0, ShEHERHIS
AR ZES, BRI ARG R R R, R IT2SURA 2 BB KT S  Hr f 2 52
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1.2 &5

NaOH (4r#74k, EZj), NaAc2H,O (4-#réh, FiHi 1), HRAMROGrral, EZ), KBS
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1.3 BWRECH

1) 8 BTHRA: FRE0.5 g BTREAR R, MMA100 mLZ&E & T/K, BEEEEG, HBIKA
WAV, $82), FFT BH 6 A 56 B R A7 15 D

2) 1 mol-L™! NaOH¥A W : T/MEM A FRELL.0 g NaOH(s), MIA25 mL%E B T/K, $itHEE 5 HE
ZEH . K HpHUHI & HpH = 13.84.
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3) pH = 10/ H & BR-A A A PP AT 1200 mLZ & I A50.00 mLH & R /K % #(0.2
mol-L ™) A132.00 mL NaOH/K&E# (0.2 mol-L™"), FEEFKERZZIEL, 5. FHpHIMER L
pH=9.91.

4) pH = 8.9 H & IR-A E AL SN ZE A 171200 mL25 & 38 7 i A50.00 mLH 2 8 /K 14 (0.2
mol-L™")#16.00 mL NaOH/KI#F# (0.2 mol-L™"), HEBF/KERZRZIEL, 5. FIHpHIEKH
pH = 8.84.

5) pH = 5.1 BSTR-BERRENZh TR . 171200 mLZF 2 -H N 70.00 mL NaAc/Ki##(0.4 mol-L™)
F130.00 mL HAC/KIEW (0.4 mol- L"), HEB F/KERBZIEL, #2. FHpHIM I HpH =5.07.

6) EKKKEE: HL50.00 mLEH HKK, FHIA3 mL pH = 1008 H 52 BR- 2 SE Ak BN G2 v 3 T00RT 3 3 5 B2
TR, 5.

1.4 RIS ] RIRBOETE B
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5.1 RS R - RN 2% M VLS5 = RS [ RR FE I v P W B B KRV 29400800 nm, A TH
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THR VI B _F 3R = 43 VA R R 28 A mT LR O
1.5 FE
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N8.1A132.2 kImol ™. BHith, HIn? -2 BT MM TR BRI A, Phlod s il m. RATIA
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“EYF, SRETRNSHAREAETIERN, BERREINEEEY. ITERH, HNEED
HHIn?>-12810, HAHE I . Ca2 . Mg> 5HIn? -1/45 & 684 5 N68.2H1249.4 kI-mol ™", J2&#h
1% EE A RIS .
2.5 HFkIE

N ER RS BETHR R U CEAS [FpHAE 26 14 1 (10 2 B LEE DL e 4 53l U &8 58 1 T & & Ja (A2
MLEE, BAVEATD-DFT A ETHE T B4k LA E S W R IBOERE, AFHIn -1, HIn* -1, In*
Mg-HIn. = ANFHE 743 0 5%F NS BB TEEpH = 5.1+ 8.9 14} it £ BAF/E L3, Mg-HInX} B 4% B TAEH
B EpHAE (Bl (9-10.5), HEFE R HInY 5Mg> & &Y. HE SRR TES.

(a) (b) 2-
- - — HIn*"™-1
Haln™1 s o om 609.2 nm

[0] Q

(8] (8]

[ c

8 340.8 nm 3

5] S 334.8 nm

2| 2502 3

< < nm <

276.6 nm
200 400 600 800 200 400 600 800
Wavelength/nm Wavelength/nm
@ _ In3 @) _ Mg-Hin
500.0 nm 566.0 nm

[0] [0]

Qo o

c c

S 8 346.0 nm

o 290.0 nm o

[%2] [%2]

Qo Q

<< <<

260.0 nm
200 400 600 800 200 400 600 800
Wavelength/nm Wavelength/nm

E5 TD-DFTH &/ BT i



K 24k 2 Univ. Chem. 2025, 40 (3), 138

i Esa—cfizr, Haln -1, HIn* -1, In® = A 45 M 160 850 K58 A1-m7 Ol W e 38 K 9 1) vd83.2.
609.2F1500.0 nm, IXLEJKMEXT RPN BIARELL R, A6, X5 K2 RRIE BTE
ANFEpHEMA NI EIEAMTT . XL RELH, =FMHAE 2028 ET{EpH = 5.1. 8.9f114.0% 14
THEBEAAERN, 5205 E-PaA MR 2 REAMAF. ESH350 nm L 455 154Nk
W, 32 B A IR PN IO P n 5 i 38 7 s 2 (R BT GR IR A — )77 410 17450 nmUA I
(1) 5 PR A ) 32 2 Y 25 B A B 0 3 L S BB B 2 (R R BRIE (Rn N — 7%) 38, X R4S BT
TR A 1 B SR R R IR 1 R AN AU B S 2 T 200 nm AR, ATERFFUVEE, R T REIR.
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TSR A T B AR, XTI . R DL R I R A B L R AR T 4 SR

Mg-HIn ) 5 KW K N566.0 nm, ST N B AN KA, 31X 5 2% 403 i R oW 22 1 A 6 AR
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HIn?", #REEAN, MEBTS5H. B FRLAE B SV RN AR N R4t
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— BT TTER . R I VAR PR LE R 2 R A AT R AR AT RS, 3 O I S KR K
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AR-T] WA GG GE T 45 B T#EpH = 5.1+ 8.9MI14.0%1F F T its, AR PE AR E T
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