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Abstract

Phenolphthalein, one of the well-known acid-base indicators commonly used in chemical education and analytical
technology, has various applications in industry, such as in carbonation testing on concrete. Previously, its structural changes in
different pH solutions have remain somewhat unclear, and, regrettably, there has been no review article dealing with that. In
this historical overview, | describe the details, including its confusion. Phenolphthalein, noted as H2PP, is a diprotic acid that
dissociates H*, producing HPP- and PP>. HPP- has a structure of the lactone-ring and, possibly, ring-opened carboxylate.
Around the 1940s, due to a misunderstanding of resonance theory, ring-opened HPP-was commonly accepted; however, after
the 1980s, probably to avoid the complexity, the representation of HPP~ itself tended to be ignored. By contrast, before the
1980s, PP? was consistently shown only as a ring-opened form. After that, however, it was understood that some PP? could
exist as a ring-closed structure in a solution and a solid state because of the strength of the lactone ring as compared with the
sulfophthalein dyes. Although inclusion compounds, with PP>- with B-cyclodextrin and a metal complex, were reported, their
X-ray crystal analyses have not yet been reported. Since the idea of PP as a lactone form seems not to have been accepted
commonly yet, it would be helpful to compare it with research in clathrate chemistry, where ring-closed PP?~ is widely known.
Key words: acid-base indicator, chemical structure, lactone, triphenylmethane dye.
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equilibrium with the quinoid of the same group. Such a change, however,
calls for the breaking of the lactone ring, and the shifting of the charge to the
carboxyl as is shown in equation (1)) J
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B-> 7 mT R A N AZEEES I BEAO PP, i 2 il
DEETT Y M BRI LTS Z LAY, Taguchi (1986) [60](C
Lo TECNMR HIIEIC Lo TRENLTND (X18) , [FIERIC,
T N UBRETORR LT EEAO PP, B-L 7 BT R A B Y LD
72579, 236-0- N U AF /LB 7 0T FA M) UBLIWy- 7 1
THA R > (Gelbetal. (1995) [73]) , ZKIZAATB-S 7 07 F A

hUY (Glazyrinetal. (2004) [74]) , &Y N-E=1trU RV)

(PVP) E5FHHICHEA LIz 7 7% 2 b Y o (Trellenkamp,
Ritter (2010) [75]) , =L C, 2-t RKafx 7' BElp-v 7 ass
A MU ACHEESIAZ LA (Spiridonovetal. (2016) [76]) , &
B, ZEREATDERERNICOIAET D 2 & (Takezawaetal.
(015)[47) AVRSHTEZ (M9 . LLeds, 7=/—b
TRVA L DYT =AU FEPPT B HUVNTE ) 7 = L FEHPP-D
TR AWM OREERERRITIEA S, T L AR Z AU
fIRE LT STy VL,

B, P/ uTXANI AL, T )T E LA DVT
=AU AEPPT T2 &/ 7T =AU HHPP SR iAE LD £ D
okt 5% (Khalafi etal. (2016) [71]; Khalafi, Rafiee (2013) [77])
TEARSLORLRNE B, 2 i Cid e LT =4 M THD
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LWV R OB R 72 o T2, TS, 2 oo
FEIRE LA, BoTUIET =4 FE R LT LET-3T
IFRNEA D7y, B, Hanai (2016)[48] & IR U<, 1980 4F4RLA
Bl LAl = A AT 2 EX TR E -78E T, 1l
T =A AR HPP~ 248 L QDB O SR e~ DB -
3C72<, PP HPPAJRIAIL T L Eo7/od T vy, &
HEE LD,

bokb, BT =ALEHPP- TR V7 =4 FE PP
TR AURERE S W S BRI BRI T2 WNE T Th B,
KR CTPPZ 237 77 VB IRRE LT HBEOIRIE THIFE
LCW5 & OB vIE  (Kunimotoetal. (2001) [65]; Tamuraetal.
(1996)[61]; HIkS, RifHH (1997)[78]; HIAT (2005) [79]) 23E ST
ITNDEDD, WETE, AT IEFHIOEEEIT a0,
9 LIZBBRIZINT, (L FEEORREI R VT ET 2EE D
INETR LT =AU FEHPP %, b LbaiEL, BHHsZ &
WCEICENUE, 7= ) VT H LA O SO EIROT Y,
\ZEBRST DR E IR DTEA D A%, LT =7 F& HPP- 0> el
&, TSN HPP~ & [RIRR e PBREE AR C A b
DRAETTFE L QO DD EHERT DI e SNDH 2 &3, R
WHIREE LD,

®8.p-> 7 mF ¥ L (CD) \[ZaEsns 7= ) — L7 XL
A DT T =7 Al PPEORAT[60].

9. ZRAEHTHEEEEA (fF; —MEIK LR 22T
SN T = ) — T2 A L DVT = FEPPE () @
1K (Takezawaetal. (2015) [47] % a2y .

8. 7x/—ILI73 LA VOEETIZHITHEELE(L

J. Technology and Education, Vol.28, No.2, 2021

BT o T, 7= ) IV T Z LA ORI EE (~14 GPa)
ZHINIT 2 Z & ChEaRIRIE COBBRIG AR5 = SITHEI L
T-RRgEs S &= (Dengetal. (2019) [80) , ZAuckse, 7
= )= NI H VA L DFERE A ' KT BN U AT
FoKEZFIINL, UV-Vis ILAY MVBSEIES N & 2 A, [
FIMT GPa lZiEET 5 &, #9530 nm (7= 7l Sy ROMEI S
M, SBIJEN%E 14GPa £CTHIFA &, HEL LTI 58X
BIZEEN L, BIABRRIER 550 nm iZ Ly K7 |k Lz,

7272, ZOHEEHRY, M T CHEEAINZ HIvebi T
1), BELLKHLOL S i e M ALz T =
& PPZAVERL LT 7e OIREAZE L L T2 D TIIRNEA S, 2D
Ba, ERUAAEEREE L, FmtasmL, 4 AL Ty
FRWHESERDSRE < 722 L oD VR FA - TIN R AR
T=AUBWEA A (K107E) , HDHWNTT =/ —/UER Re®
SIDIGBA AL DTN ABA A AN UTFA A Ao

(X 10 B LUK T ITTHEEH) D2 20MEICE 5, LorL7R
M5, HPP OFREDAVEFFEO LFREEOFEHM OV TIE, Deng
etal. (2019) [BO)IT/REFUCUVRV Y, F7=, STNBOLC kB &, I8
JEEEE T, IR e —27 23515nm IZ7v— 7 kL, [RIRACHE
BT L& SN, WEONIZERTII RS, FESMBRE DR IR
B & 7257C, BIENMITRIN B —2 D%~ 7= L DZ & Th D,

T = )T B A AT SRR L R ORI AL

MUTIHE WD 20D Z 2, At 2 BRI OREE DR
(\ZHBRT D ATREMER S B0 E 9 MBI L, Deng etal. (2019) [80]i
I BNTELT, 41, 29 LIzBUSLEfEofhE)
B Saug, BIERE AEROME SN DI ik B g,

HO OH HO o)
DU EROUS
] CcCoo’ ] COOH

K10. HE PRV GREE TR 7 = /L7 X LA (HPP)
DORIBRAR L L TEZBINE FEITHNVRDT A & VR AR
T A DORMEA A, BT A AT .

9. FLHESHRDFE

20 LRI B BRI ZI07e AR pH 25 k7e EITfES 7
x )T B A ORGE BT AR A L T & T,
BRARDIC LN ST, ZL<DIBECE > T =/ —L T X1
A L OREEZAEA—BY) OB DITPGR L TE 720 Tdel, el
A, FEOEICIY, XFSEeisEE s mRett MR
NTEEWxd, T, (A) ZNENOENRT, 7= /—b
T A ORI ED LS \B RS = DDy, (B) 7
= )T F A L OREEZ VI BT DB CORBEA,
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C) 7= /) —nNTZ 1A L OREEEUZEL T, S75AMHO
ZEHihy, LURICE LD TR 9,
(A 1940 FZAFTIE BETH LA LNAABL) , HS

EFEDIEIL, T )=V T B A L DFAFS L OWAICEIS- L
TS EEN, ZO% LIS, Ky FaMbniizane ) —
PRI T = ) — V7 Z LA OB RIS LTS TREE B LY
RS, 1990 AR, 7=/ — VT H LA v DIT =
PP, fEkD NEEALBERL CTFEET D) b [—
ERABHERERIAHET D) &) B, Bk s,
(B) 1998 A&\ H v VBRI 725 T L 90K, X Hphbint
TEITZ LD, PHBRIAD HoPP OffEEN A BN 25T,

(C) 7= FEORERA PP?) %l LT8G IRDIISE Wit

HNTATIIVTE 7223, W2, BRBRA L HBRADR &7,
PPZ5 JUHPP- DRSS St LTSl s S Tl
BHT, fhEmEEC LIBROBE LB L RHTH D,

INHDT END, ZInbH T = )T X LA L OREER
U LTI, pgestg & L COMANTR L TREAD Z E0372L,
PR S EERIRIES OO DT Wy, SIS,

—J7C, FETRLRVDIE, ENWENOGEN, FiTids
BN 7 4 12— LI TR TR )y, & DR 2
TRVMHEIABURLEND Z & Th D, Eiz, LliDT =3 Fl HPP-
DIFEDVENE SNT=FGEDIANFE 72T, 32 OB +45
DIV RN A HID, TRAELULTZRGEOVE LTV AR
ab, HEREML TRE, (EFEE TRAER SN TN D
RATIMCEW THDDD 2%, FINTREMZSNEDIRND 2
LY, EBAL LIZRIEARO BNHRETH D,

T N UBREAREF LI 2 {0 T =AU PP OOTHEN,
B> TR N L ZOERES, Rl TIXZRA G454
JREEIR L DEBHEAEMIONISETSH, Z<HLIIINTND, B-
7 aT XA N AESCSRSS AN D PPEORE ST X FE 7
ITOITURWE®, £ 95 LTERERETTH & &b, BCNMR 4>
KA MVRAERER R E & BEFMIIR T2 2 &, HDUNIDFT
FHRIZ R D8RS 2 E MR e L ORI A T U,
T x )T B A L OREI A DBRNR & BITERD BILDH D
TRV EIHFSILD, 7edoARE CIZEBEIM il L2 > 7223,
Tz )= NTH VA KT ZNRE T = ) —IVINBAERRT D
FUSHEREZ B 20D COBRRIIIE S, Hollle-> TiRESh
T\% (Yamabeetal. (2020) [82])

20 N OEIRET, 7= /=T X LA OSBRI L
TIZERN OHED LN TE T, 25 LeZ &nb, fBiky
b7 = ) =T Z LA L OREEIZEET DT Ik S, R
BIVTWK IEA S, Tx ) —IVT X LA ORI BT B
Gea T ENDIEEA UK R 2 Y T bRV D bz
HOLELTUL BELS AR TOWETHLLHAL T
Bo STEOERENE LOISHSE, 7o OO EFEE ORI
L, ML 2 A EHRE AT RIS O TR i Sh A,

Bt

EADEIE DI L DIEER TRE L, BRI
WSRO HEFLE YA L VIR VN E L2 RHETEVW-Z 21T,
Z ORI UG LT,
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