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BcTyn. IMnepaHcHa cnekTpockonist, ika FPYHTYETb-
CSl Ha BUMIPIOBAHHI €NeKTPUYHOro iMnenaHcy pPisHO-
MaHITHUX 00’EKTIB, O BONOLIOTL €NeKTPONpPOoBiaHIC-
TIO, B TOMY 4nchi i GionoriyHmnx, 3HaxoouTb Bce Binblue
3acTocyBaHHs y Gionorii Ta MmeguumHi [9]. Bipomo, wo
KOMMNEKCHUIA onip 6ionoriyHoi TKaHMHK Bigobpaxae
il ®i3NYHi BNACTUBOCTI, 30KpeEMa Y HU3bKOYaCTOTHOMY
niana3oHi BiH NOB’A3aHWUI i3 eNeKTPUYHUMN BRacTu-
BOCTSAMW NO3aKMITUHHOIO CepefoBMLLa, a HAa BUCOKNUX
YacToTax — BHYTPILUHbOKNITUHHOIO CEPEeAO0BULLA Ta EM-
HICHUMW XapakTepucTMKaMu KIiTMHHNUX membpaH [13].
LienekTpnyHa NPOHUKHICTb 6i0NOriYHOT CTPYKTYPU 3Mi-
HIOETbCSA Y BiMNOBIOb HA A0 PISBHOMAHITHUX YNHHUKIB,
L0 3HaxoAmuTb CBil BUpas3 y iMnegaHci.

Ha cborogHi enekTpuyHuii iMmnegaHc BUKOPUCTO-
BYETbCS B LUMPOKOMY Aiana3oHi KNiHIYHUX O0CNIAXEHb,
3okpema anga amdepeHuiadii pisHux Tunis paky [1, 71,
Tomorpadii [6] Ta aHanisi cknagy opraHiamy[8].

Y nitepaTtypi € MNOBIOOMAEHHST MPO AO0CHIOKEHHS
iIMNeJaHCHUX XapakTepUCTUK enigepmicy Ta BnacHe
wkipw [4, 5], HirTiB [11], npoTe Taki BiGOMOCTI CTOCOBHO
N0ACBHKOro BOSIOCA Ha CbOrOAHI MPaKTUYHO BiOCYTHI.

MeTa pocnigXeHHs nonsarana y BMBYEHHI Giodi-
3NYHUX XapakTEePUCTUK BONOCa NOAVHM Y BignoBiab
Ha [ito XiMIYHOrO YMHHKKA 3a AOMOMOro iMneaaHCHoI
CMNEeKTPOCKOonii.

006’ekT i MeToan pocnigkKeHHs. g imnegaHcHoi
CMEeKTPOCKONii KepaTUHOBMX BOJIOKOH MNPWU 3MIHHOMY
cTpymi yactoToto Big 1 no 100 kIy 6yna BrkopucTaHa
yCTaHOBKa, CTBOpPEHa Ha OCHOBI Mikpocxemu AD5933,
fKa € IHTerpajabHUM MNepeTBOpPioBaYEM BUMIPIOBAHUX
napameTpie y umbposuii kop [2-3]. EnexTtpoan,
BUrOTOBMEHI i3 Aypymy, nigsoamnu [0 B3ipuiB Ha
BigcTaHi 20 MM OAMH Bif, OAHOrO.

Ona pocnigxeHb BMKOPUCTaNM BOJIOCCS NIOOUNHUN
i3 cepenHim piametpom d=67,3 mkMm. XimiuHe obpo-
6neHHa mogentoBann 3a gonomoroo 10% BogHoro
po34unHy Tiornikonesoi kmcnotn (TTA) 3a Temnepatypu
37 °C npotarom 15 xB. 3pa3ok, BUKOPUCTAHWUI B IKOCTI

KOHTPOJIIO, 3@ aHaNIONYHUX YMOB BUTPMMYBaNnN y ANUC-
TWUNbOBAHIN BOA,.

Yepes BosIOC nponyckanu cnabkuii 3MiHHWUIA CTPYM
pi3HOI YacTOTW | BUMiptoBanun KoMmrnekcHuin onip Z (Om)
Ta KyT ¢ (rpag.). 3a OTpUMaHUMU eKCnepuMeHTasb-
HUMW OaHUMWN 3 BUKOPUCTaHHSAM nporpamun Microsoft
Excel 6ynu oTpumaHi TabnuyHi gaHi 1a rpadikm ix
YaCTOTHUX XapPaKTEPUCTUK.

[MoBepxHIO BOMOCCS AOCAiIAXKYyBanM 3a [[OMOMO-
rol0 CkaHyBaslbHOro efIeKTPOHHOro Mikpockona JEOL
JSM-T 220A. [Ons 3abe3neyeHHs CTikaHHSA 3apsay
3pasKy HaNUAIM KynpyMmomMm 3a A0NOMOIrol0 YCTaHOBKM
BYI-5.

Pesynbraty pocnigkeHb onpaubOoByBanin CTaTuUC-
TUYHO 3 BUKOPUCTaHHSAM OOCTOBIPHOIMO iHTepBany ons
OLiHKWN CTyneHs BiporigHocCTi (P) 3a 4OMNOMOrot0 Kpute-
pito CtblopeHTa (t). PO36ixXXHOCTI BBaXasnu CTaTUCTUYHO
BiporigHumu npu P<0,05.

PesynbtaT pocnigXeHb Ta iX OOroBOPEHHS.
CTpyKTYypHi 3MiHM NMOBEPXHI BOIOCA OLHIOBaNN 3a O0-
NMOMOIOK CKaHyBaJIbHOI €/IeKTPOHHOI Mikpockonii. Ha
MikpodoTorpadii (puc. 1, A) BUOHO, WO BOJOC Mae
penbedHy NOBEPXHIO, KYTUKYNSPHI TYCKU LWiNIbHO Npu-
nqaraloTb B340BX OCi Bosioca. JeCTPYKTUBHI 3MiHU, WO
BMHUKaIOTb Npu 06p0o6IeHHI BONIoCa BOAHVM PO3YNHOM
Tiornikoneroi kncnotu (TrK), 30BHIWHBO BUpaXxaroTbCs
y 4aCTKOBOMY BiZilLapyBaHHi JlyCOK Ta NiAnoMi ix Kkpais
B3[,0BX BCi€T OBXMHWM BOsioca (puc. 1, B).

Cnig 3a3HaunTy, WO BONMOC NOAVHU, IK FETEPOreHHa
HaAHOCTPYKTypOBaHa CUCTEMA, XapaKTepU3yeTbCA
HEOAHOPIAHUMMW  OieNEeKTPUYHMMU  BIACTUBOCTAMMU.
Y 3aranbHUX pucax BOJIOC CKNAOAETbCSA i3 Takux
KOHLLEHTPUYHUX LWIApPIB, K KYTUKyNa, KOPTEKC, a iHoAj i
cepLieBMHa. 30BHILLHIM Wap, YTBOPEHWIN 3POroBIiNMMMU
NAOCKUMWN  KNITUHAMU-NYCKaMn, Mae Haa3BU4aNHO
cknagHy OynoBy i BHOCWTb ICTOTHWIA BKnag Yy
AienekTpu4yHi BNacTUBOCTI BOsiOCa.

CTPYKTYpHMM €NleMEHTOM KopTekcy € ¢ibpunn —
LLiNbHO ynakoBaHi BOJIOKOHLS TOBLLWHOW 6—7 HM, SIKi B
CBOIO Yepry CKNaaalTbCs i3 TOHEHbKUX o.-BOJIOKOHELb
abo npotodibpun [12]. MpoTodibpunn 06’enHyOTLCS
y Mikpo®ibpunu, ki CknagarTb OCHOBHY Macy BOJIO-
CUHW | BXOOATb A0 CKnany KpUCTanivyHoi YacTUHKU Kepa-
TuHY. @iBpunun yTBOPIOWTL MACKBHI arperati TOBLUM-
Hoto 0,05-1,1 MKM, a APOMIXKKM MiXX HAMU 3aNOBHEHI
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Puc. 1. 3o6paxxeHHs 30BHILLUHbOI MOBepXxHi Bonoca noguiu (X 500):

A — KOHTpPONbHUIA 3pa30K, B — 3pa3ok nicna o6po6neHHs TrK.

aMop@PHMM CEPENOBULLLEM — MATPUKCOM, KU Xapak-
TEPUIYETLCS BUCOKUM BMICTOM LUMCTUHY. AKLLO Bpaxy-
BaTW, LLLO BOJIOC JIIOAMHU € CTPYKTYPOBaHUM BGioKOMMOo-
31UTOM, POJIb MaTPULL B SKOMY BUKOHYIOTb ®iflaMEHTHI
CTPYKTYpW, & HanoBHIOBa4a — MaTPUKCHI NPOTEiHN, TO
NOrYHO NPMAYCTUTK, WO BOSOC YMOBHO MOXHA PO3-
oinMtm Ha gBi das3m, a came pgienektpuka (¢pidbpu-
nn) Ta enekTponpoBiAHOrO matepiany — aMmop@HOro
MaTpUKCY.

Pesynbrat npoBegeHnx OOCAIOXKEHb 3aCBiAYMN,
L0 3arasjibHM iMNegaHc Bosoca NI0ANHY 3HAaXOANTbLCS
B Mexax 2—16 Om, npuyomMy CrnocTepiraeTbCs fiHiriHa
3a/IEXHICTb MK KOMMJIEKCHMM OMOPOM | 4acTOTO
€/IEKTPMYHOr0 CTPYMY, ika B yMOBaX HaLLIMX AOCTIAXEHb
Bignoesigana a- i B-amcnepcii (puc. 2). XapakTepHo, Lo
LS 3aeXHicTb 36epiraeTbes i Ans ximiyHo 06pobeHoro
BOJIOCCS.

BaxnvBo  Big3HAuYMTKM, WO  BIPOrigHi  pi3HML)
Yy KOMMJIEKCHOMY OMOpi HOPMAanbHOro i  XiMi4HO
006po6NEHOro  BOJIOCCS  CMOCTEPIraloTbCa  Nvwe Y
HN3bKOYACTOTHOMY AianasdoHi, a npwu 4acToTi -
ctpymy noHagn 50 kI BOHW MPaKTUYHO O s
HIBEIOIOTLCSA. Taki 3MiHM, 04EeBUOHO, MOB’A3aHi N
i3 AienekTpUYHNMM BNACTUBOCTSAMM KYTUKYNSIP-
HOro Lapy, TOAI K BMCOKOYACTOTHa AinsiHka 14
rpadika xapakrepmaye iMneaaHc KOpPTEKCY.

Pesynbtati gocnigxeHb 3aceigynnu, LWo ]
iMNegaHc HaTMBHOMO BOJIOCA MNPW 4acToTi 104
ctpymy Big 1 o 40 Iy, BiporigHO BULLMIA
MOPIBHAHO i3 XiMiYHO 0O6POGIEHMM BOJIOCOM. |
HalHmx4ye 3HayeHHa 3arasbHOro onopy 6
oyno 3adikcoBaHe npu yactoti 10 Iy (3,59 1
Om T1a 1,77 Om, P2264>0,01 BignosigHO ]
0N HAaTUBHOrO Ta 00po6GNeHoro BOSOCA). 24
Mpu yactoTti 40 klu 3aranbHWIA iMNegaHc, 1

pPO3pMBOM AUCYNbODIOHMX Ta BOOHEBMX 3B’A3KIB MiX
noNiNeNTUOHUMW NaHUraMmn KkepatuHy. eski aBTopu
BBaXatoTb, WO BOJIOCCH, SK i POroBUN LIAp LWKipU, 3a
Oy[0BOIO CXOXi, TOMY eNeKTPUYHNI MexaHi3M NpoBia-
HOCTI BOJSIOCa MOXE BignoBigatM Mogeni npoBigHOCTI
pPOroBoro wapy Lkipu [5].

dazoBuii KyT ¢ 3CyBY Oi€NEKTPUHHOI NPOHUKHOCTI
XapakTepusye CniBBigHOLLIEHHSA MiXX aKTUBHOIO i peak-
TUBHOIO CKJ1a0BOIO iMnenaHcy. BctaHoBneHo, WO KyT
@ XiMiYHO 06po6GNeHoOro Bonoca (puc. 3), He3anexHo
Bif, 4HaCTOTM 3MIHHOIO CTPYMY, € HMUXYMM MOPIBHSHO 3
HaTMBHMM BOJIOCOM, NPUYOMY MO0 HaMHMXYe 3HAYEH-
Hs 3adikcoBaHo npu vyacTtoTi 40 kl'y, (BignosigHo -73,87°
Ta-61,25°, P2264>0,01).

Taki 3MiHM, IMOBIPHO, MOB’A3aHi i3 EMHICHMMU Xa-
pakTeEPUCTUKAMKN KEPATMHOBMX BOJIOKOH, SIKi 3anexartb
BiZ, MOJIEKYNIAPHOI PYXIMBOCTI NAHLIONB o.-KepaTuHIB,
ToOj SIK NPOBIAHICTb — Bif, MOBINLHOCTI MONIEKYN BOAM,
3B’A3aHMX i3 MONSPHUMMK rpynamMm MOJIEKYST KepaTu-
Hy [10]. Omxe, 06pobneHHs Bonoca TIK, oyeBuaHoO,

SK HATMBHOro, Tak i XiMiYHO 0OpPOBAEHOro 0
BoJioca 30iNblUyBaBCS YyABiYi MOPIBHAHO i3
KOMMJIEKCHMM onopoM npu vactoTi 10 kI,
xo4ya 06pobneHHs Bonoca TIK npussoguno
0O 3HWXKEHHH iMnegaHcy MnopiBHAHO A0
KOHTPOMIO, WO, OYEBMOHO, MOB’AA3AHO i3

T
100000

f, T

T T T T
20000 40000 60000 80000

Puc. 2. 3anexHicTb KOMMNJIEKCHOrO ONOpPY BOJIOCa NIIOAVHMU Bif, Yac-
TOTU 3MiHHOrO eNeKTPUYHOro cTpymy (1 — HaTuBHMIA BONOC;

2 — Bonoc nicnga o6po6nexHs TrK).
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KomnnekcHuin onip KepaTMHOBUX BOJIO-
KOH 3HaxogouTbCs Yy MiHINHIN 3anexHocCTi Big,
4aCTOTU 3MIHHOro CTpymy. Hanbinbwi pis-
HuUi y OGioiMnegaHci HopmanbHOro i XiMiyHO
006po6neHoro BOJIOCCS  CriocTepiralTbes Y
HM3bko4YaCcTOTHOMY AianasoHi (Big 100 Ny go 40
kKly). IMnepaHc HaTMBHOIo BOJIOCA MPW 4acTOoTi
cTpyMmy Bia 1 no 40 kI'y, BiporiaHo BULLWIA NOPIB-
HSIHO i3 XiMiYHO 06POBIEHNM BONOCOM, NPUYOMY
MOro HamHmx4ye 3Ha4deHHs 3adikcoBaHe npu
yacTtoTi 10 kI'y, (BignoeigHo 3,59 Om 1a 1,77 OMm,

T T T T
(4] 20000 40000 60000 80000

Puc. 3. ®a3oBuii 3cyB KyTa — Bosioca noauHu (1 — HaTUBHUIA

BOJIOC; 2 — BOJIOC nicnsg o6pooneHHs TrK).

BMJIMBAE Ha CTPYKTYPY KIITUHHO-MEMOPaHHMX KOMIM-
NEeKCiB, 3MIHIOYUM B MNepLlly 4Yepry ix nongpuaauinHi
BN1ACTUBOCTI.

OTxe, NpoBefeHi O0CNIAKEHHS CBiaYaThb, WO Aas
BOMIOCA NIOANHU XapakKTepHa AMCMepcCis enekTponpo-
BiQHOCTI, NPUYOMY CKIaa0Bi iMNegaHcy — NMpPoBiOHICTb
Ta EMHICTb 3asexaTtb Bif, CTaHy LbOro KepaTMHOBOIO
BOJIOKHA.

T
100000

P2264>0,01).

BcTtaHoBneHo, o ¢a3oBuin KyT ¢ 3CYBY MiX
aKTUBHOIO | PEeaKkTUBHOIO CKI1afoBUMKU Oropy
XiMiHHO 0B6po6NEHOro BOJSIOCA, HE3aNeXxHo Bif,
4aCTOTN 3MIHHOIO CTPYMY, € HUXYMM NOPIBHAHO
3 HAaTUBHVM BOJIOCOM, NPUYOMY MO0 HANHUXYe

f, '

3Ha4yeHHs 3adikcoBaHo nNpu vyacToTi 40 kY, (BignoBiaHO
-73,87°Tta-61,25°, P2264>0,01).
MepcnekTuBM noganbLUNX A[OChigKeHb. [lo-
CNioKeHHs1 OyayTb NPOOOBXEHI Yy HAaNpPsiMi 3’ACyBaHHS
MOZYNIB MPYXHOCTI dinaMeHTHMUX CTPYKTYyp Bosioca Ta
iX 3B’A3KY i3 iMNegaHCHUMMK XapakTepucTukamm 3a aii

XiIMIYHUX YNHHUKIB.
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AOCNIAXEHHSA BIOPIBUNYHUX XAPAKTEPUCTUK KEPATUHY BOJIOCA JTIOAUHU METOAOM IMIE-
OAHCHOI CNEKTPOCKOMII

FaBpunsik B. B., AipemkeBun4 O. C.

Pesiome. Y cTaTTi NnpeacraBneHo pesynbratv A4oCniakKeHb 6i0di3nyHuX xapakTepuUcTuk Bonoca NtiogmHn Me-
TOOOM iMMeaaHCHOI cnekTpockonii Npu 3MiHHOMY cTpyMmi YacToToto Big 1 oo 100 kly, 3a Aii BOOHOro po3yunHy Ti-
OrNiKONEBOI KMCNOTU. YCTAHOBMIEHO, LLO KOMMIEKCHWA OMip BOJIOKHA 3aneXuTb Bif, 4aCTOTU 3MIHHOMO CTPyMY,
nprvyoMy Harbinblia pisHMus y GioiMnegaHci HOPMabHOMO i XiMiYHO 0BPOBAEHOro BOMIOCA CMOCTEPIraeTbcs y
HM3bko4YaCcTOTHOMY aiana3oHi (Big, 100 My oo 40 klMu). IMNepaHc HAaTMBHOMO Bosloca Npu YacToTi cTpyMmy Big, 1 0o 40
kI, BipOrigHO BULLMIA MOPIBHAHO i3 XiMiYHO 06p06IEHM BOSTOCOM, MPUYOMY MO0 HalHMXYe 3Ha4YeHHs 3adikcoBaHe
Ha yacToTi 10 kI'y, (BignosigHo 3,59 Om 1a 1,77 Om, P2264 >0,01).
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MokasaHo, o $a3oBuii KyT ¢ 3CYBY MK aKTVUBHOI i PEAKTMBHOK CKaZl0BUMMK ONOPY XiMiYHO 06p0o6eHoro
BOJIOCA, HE3ANEXHO Bif, HaCTOTU 3MIHHOIO CTPYMY, € HMXXYMM NOPIBHAHO 3 HATUBHMM BOJIOCOM, @ MO0 HaHMX4e
3Ha4veHHs 3adikcoBaHo npu vacToTi 40 kI'y, (BignosigHo -73,87° Ta -61,25°, P2264 >0,01).

Kniouogi cnoBa: BOJIOC NIOANHU, ENEKTPUYHUIA IMNEeaHC, KYT ¢, CTPYKTYpa, TiorikofieBa KucioTa.
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UCCINEOOBAHUE BUODPUSUYECKUX XAPAKTEPUCTUK KEPATUHA BOJIOCA YEJIOBEKA METOO4OM
MMMEOAHCHOM CMEKTPOCKOMNUU

Faspunsik B. B., ipemkesuny E. C.

Pesiome. B cTtatbe npencrtasneHbl pe3ynbraTbhl UCCef0BaHNSA BMOPU3NYECKNX XapaKTEPUCTUK BOJlOca Ye-
floBEKA METO0M UMMNeaaHCHOW CNeKTPOCKONUM npu nepemMeHHoM Toke vyactoton ot 1 o 100 kI, noa, BAUAHU-
€M BOAHOr0 pacTBopa TUOMNKOIEBOW KNUCNOTbLI. YCTAHOBMIEHO, YTO KOMMJIEKCHOE COMPOTUBAEHME BOIOCA 3a-
BUCUT OT 4acTOThbl NEPEMEHHOr0 ToKa, NPMYeM Hambosbllas pasHMLA B UMMEAAHCE HOPMalbHbIX U XUMUYECKU
0b6paboTaHHbIX BOSIOC HabtogaeTcs B HU3KOYacTOTHOM AmanasoHe (ot 100 My, go 40 kMy). MimMnepaHc HaTUBHOIO
BOJioca npu yacTtoTe Toka oT 1 00 40 kl'u, 4LOCTOBEPHO BbILLE MO CPABHEHUIO C XMMUYECKM 00paboTaHHbIM BOJTOCOM,
NMpUYEM ero camoe HM3koe 3HavyeHne 3adukcrpoBaHo Ha YactoTe 10 kI (cooTBeTCcTBEHHO 3,59 OM 1 1,77 OM
P2264>0,01).

[MokazaHo, 4To $Has30BbIN Yron ¢ CMELLEHUS MEXAY aKTUBHOW 1 PEaKTUBHOM COCTaBAALLMMN COMPOTUBIEHUS
XMMUYeCckn 06paboTaHHbIX BOJIOC HE3ABMCMMO OT YAaCTOTbl MEPEMEHHOIO TOKA HMXE MO CPaBHEHMIO C HATUBHbIM
BOJIOCOM, @ €r0 caMoe HU3KOoe 3Ha4veHune 3adpukcmpoBaHo npu yactote 40 kIy, (cooTBeTCTBEHHO —73,87° 1 -61,25°
,P2264>0,01).

KnioueBble cnoBa: BOIOC, 3N1EKTPUYECKNIA UMMNEAAHC, YroN ¢, CTPYKTYPa, TUOIMMKONIEBada KMCnoTa.
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Biophysics Characteristic of Human Hair Keratin by Impedance Spectroscopy

Havrylyak V. V., laremkevych O. S.

Abstract. Impedance spectroscopy, based on electrical impedance measuring of various objects, including
biological, is analytical technique that has found widespread use in biology and medicine. It has been known that
impedance of biological tissue reflects its biophysical properties in the frequencies range from 1 Hz to 100 kHz.

Today the electric impedances used in a wide range of clinical trials, particularly for the differentiation of various
types of cancer, tomography and the analysis of the body content.

The literature data inform about impedance characteristics of the epidermis, skin and nails but little attention
has been paid to studies the dielectric properties of human hair.

The main purpose of this research is to examine the biophysical characteristics of human hair by impedance
spectroscopy in response to chemical factors after the action of the alternating current at a frequency from 1 Hz to
100 kHz.

In the experiment human hair with an average diameter of d = 67,3 um were used. Hair treatment with 10 %
aqueous solution of thioglicolic acid at 37° C during 15 min was designed. The alternating current of varying fre-
quency passed through the human hair and bioimpedance Z (Ohm) and angle ¢ (degree) were measured.

Structural changes in the surface of the untreated and chemically treated hair were evaluated by scanning elec-
tron microscopy. The destruction of cuticle layer of human hair after the influence of thioglicolic acid was observed.

It should be noted that the reliable differences in bioimpedance of untreated and chemically treated hair are ob-
served only in the low-frequency range. These changes, perhaps, are related to the dielectric properties of cuticle
layer of hair, while impedance in the high-frequency range is associated with cortex.

It has been shown that the electric impedance of keratin fibers depends linearly on the frequency of the alternat-
ing current. Obtained results show that impedance of the untreated hair at current frequency from 1 Hz to 40 kHz
is significantly higher compared to chemically treated hair. The lowest value of bioimpedance both untreated and
chemically treated hair was fixed at a frequency of 10 kHz (3. 59 Ohm and 1. 77 Ohm, P 2264 > 0,01 respectively).
Lower impedance of chemically treated hair is apparently due to the rupture of disulfide and hydrogen links between
polypeptide chains of keratin.

It has been detected that the phase angle ¢ of permittivity of chemically treated hair, regardless of the alternating
current frequency, is lower compared to the untreated hair and its lowest value was fixed at a frequency of 40 kHz
(-73.87° and -61. 25° respectively, P2264 >0,01).

These changes are obviously related to the capacitive characteristics of keratin fibers, which depend on the mo-
lecular mobility of a-keratin chains, while their conductivity depends on the mobility of water molecules associated
with the polar groups of the keratin molecules. Thus, hair treatment with aqueous solution of thioglicolic acid affects
the structure of cell-membrane complexes, primarily by changing their polarization properties.

It was concluded that the human hair is characterized by dielectric dispersion and impedance components —
conductivity and capacitance depend on the state of the keratin fibers.

Key words: human hair, electrical impedance, angle o, structure, thioglicolic acid.
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