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Abstract

As a food additive, TBHQ plays an important role in improving food safety and extending product
shelf life. However, with a deeper understanding of its properties and the progress of related re-
search, the application and management of TBHQ also need to be constantly updated to ensure the
health and safety of consumers. To study the properties of TBHQ molecules, the density functional
theory in quantum chemistry was used to calculate the most stable molecular structure and theo-
retical infrared spectrum of TBHQ molecules, and then the experimental infrared spectrum of
TBHQ molecules was measured through experiments. Then, theoretically analyze the vibration
attribution of its infrared spectrum, and compare the theoretically calculated infrared spectrum
with the experimental infrared spectrum, finding that they match well. It can provide a theoretical
basis for the further development of TBHQ.
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1. 518

BT HXF 2K W (Tertiary Butylhydroquinone, TBHQ) & —Ff & WL & S Inifl, )7z R T &in T
HFYERBI R R MG RIEBRLEY, BASUANFBE R, I Zasm 2 & ma dd,
EFEMA . L PSR .

TBHQ fEA—FhHia iR, FEER TR B k£ o i R 07 A0 IR AR T, AT A4 7 it PR R R
. e RN RO g7 & IR L, D B AR SR 5T T B AT RE P, DT R AR ek FR R e R A
P, BEAh, TBHQ K& REWSHNHI S H A, TR BB AR, 30— 20 A £ il 1 R AT PR

EEPE, KT TBHQ 4 F il it B st i S+ 21 o], &R VIR H &= 5051k
AT e 3, E N EE BT TIRA RS . M TBHQ AR g I AE i R R A= (1], 7
(1YL FS R J5 X S I P o o R 2 4 VAT B S o BT TBHQ 43 IR I 4 U e v 345 [ 2] LA SR %
Z RIS AT ERAME KL, BT TBHQ ST s X [3]. AHECT-E A, [E4MET TBHQ 431
TS SR R A7 LA 2 S JTVE 415N TBHQ 20 PO v 5, Se3il 1 i ity pRas 1ot
FAC[S]. R, E AN ARt RS RHEE, R T INES HASRRE ARG, N TBHQ
T FUER A T S R LA

DNBESE TBHQ 73 F MR, & 74k 2 R 10 35 2 s BR THE M TBHQ 2 FIIER L/ il I,
SN B TBHQ 7 FHsEinsr A sk . A8)5, MBS B e LA B R 2 8 500,
FRR EAR T LA B 5 5200 2T A6 0 B AT 6 b, R EEATIUC R Lr, 2 B SO A B VA R s
W ITERTTAT I .

2. WEEMRAGE
A RE 5% H Gaussian 09 #H-(fiR A 09W), A Gaussianview 6.0 (fili4<A 6.0.16) & 374> T A AL
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FEIES SN, T2 B3LYP Bz eh, FAHME 6-311 g (dp) [6] [7], *F TBHQ 73 ¥ k47 )L
e, Zik ERAFEHIA R, 1) IRk my LT3, T HOUARMEL; 2) RERM LR, i
FHNAFEMEE; 3) RN HEFeokEy BT 2 543 LRgFedt, OB TSR M. fald JLrEse
AR 7 AT 5 (opt + freq), HRIAIHRALRITEE, WA BMHREREDR] /NS @A 1A
1), XE TBHQ 7 7 IR A R b T A& (e, 2K TBHQ 7 IR E a5 tnl&l 1(e). XIit
TERKIK) TBHQ 701, fE/ U AT 20 7 W B ZRIR B S r, @ AN BRR B A T4 21 TBHQ

TS LA GIEE .
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79 e @
d9 ; R
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Figure 1. Molecular configuration of TBHQ molecules based on five calculation results

B 1. TBHQ r F A B4 Ra 7 FHE

Table 1. The energy of five calculation results for TBHQ molecules
% 1. TBHQ A FEMITELERNEEE

oy (AP fi & (Hartree)
a —540.079901
b —540.083755
C —540.084143
d —540.086754
e —540.086872

TBHQ M AR S RIE T S8 B e & B AR A R (AE > 98%), el ks B4 & 5w A ) 4
FEH) Invenio R YT AR %A o

TESE R, ZLAMGTE I &R R R B4 I i, BAP R R

1) #MERAES: EOBERRE TBHQ 207, HHTHIEE, SEI40K K.

2) WREHHE: KK TBHQ Ff i 5 M4 7 HOH (IR KB i & A 1:100 I HLEIRA . KBr
TEHAANX TR, RIS 20 R S S 5 72 A4

3) IRl KHREMBINIE T BLE A, [ 5E i A7 B 5 0k % 20 MPa, £ T BGE B /N R o

4) MR K R pg /N R TN AN GRS ACR AT, 13 2R L0 S I

3. B{R5WL
3.1 SFHE

TBHQ 73 T4 J5 AG e SR B AN 1] 2 Fis, TBHQ 73 B — N0 28 1y (B PR AN SR JE B A6 A2 2R 3R
FEXI AL E R SR N b — N TR (BT 5, & — AN = A R R BRI 1 5 R AHE ) K ko
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Figure 2. Molecular configuration
2. FHaR

3.2. IR HiER 94

ZLAMETE B AT LS 73 AR s AR BNRFALE , 8 A3 I & 70 A A S B AE A R T A9 4iR 3R
TR TAER . BLAMDERIER 520 7 h A28 K B AR IRSIIR A ILRCRS , XMl s dg 2ol 2 ob
ot FEAEEHE B LBl AR . AR AL S SR BE A R RO, R AL ARG R T
DU T HEWT 737 BP0 2 258, Rl e T LA & 4 v (0 8 RE T EAT 7 PEWEIT -

FEFRR TS, A8 T2 B (Gaussian 09W) 54D, 73 T (IR B A4 . SRTT, | T B TH S0 2
TEAEAL RO AT AL, T A ARSI AT e 5 SRIR B A AE i 22 . 9 T SR B IR T S AE R HERR I,
EHI D Multiwn B0 T SAG BRI B AT R IE . BRI IE R 7-(0.967), I T4 TS0 LA BE i

i DG e 52 56 A4
K T A B RIS S IR B IE 5, w2 B 200 S PR ol 1 BRIV Z0 A0 1 K (n
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Figure 3. Theoretical IR spectra of TBHQ
3. TBHQ B4 IR i itk [E

TBHQ 73 ¥ A BRI TS LLAME I SR 7 H A AN BB 23 AR AE IR S0, T S i 5 701 P9 O
PRENEEA K. 4% 2 X TBHQ 70 7 £LAMG 1 e b 3= W e ) 9= 2l ) 73 -
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1) TBHQ 7 723 L EyEedt O-H M%i4Rzh: 1E 3650~3700 cm 4k, X SLHRENIE 52 24> T8 4E
JIRIFEMA 5 BRSO RS

2) #¥ L C-H 4Rz AT 3037 cm 4k, TfifE 3073 cm A1 3091 em AR (RSN B T AR L
C-H &), XLLHRH) A 5 T B 5000 & i W s i A7 B 1R m A .

3) T3 C-H 4R FEAT 2989 cm™ &b, [Mi7E 2929 cm™ il 2922 cm™ AbHIIR BN )& T 1 %
W) C-H AR GETR S, X [FIRE AT AR M S5 R S (1 47 B

4y SRR AEIREN K C-H 2 ihiRzh: FEAERLE 1601 om ' ib, KR IEIRHEA IIRBN K.

5) C-O 4 iRah: 53 I C-H [ 42 fi RN E AT 1211 em ™, SR L4R 3 A G K S & RN M 78
S o AT B RS -

BRI, B TR LA R BT TR AR R SO0 WS B LA PR R E IR B, A BT
Oy T EERAVE BE AT 2 M3 AT . B I AT SR i, T LLEE e TR TBHQ 2 TR SR, i
TR WT H AL 54

Table 2. Vibration analysis of TBHQ molecular infrared spectroscopy
= 2. TBHQ 4 FLLIMNIEHREN S 4R

Fe5 HE Gk em™ SEI itk lom ™ PR AT
1 3709.24 3440.12 Y2 O-H [H45IRED
2 3037.01 3070.56 FIE L C-H H4EIRS)
3 2989.00 2956.42 T3 F C-H 4IRS
4 1600.53 1603.77 RIR I GEIR S K C-H 25 Hi 4R 3
5 1493.83 1482.49 P 7N BN (G E i)
6 1419.14 1432.55 R FAGR IR S) K O-H 2 4R 3)
7 1315.16 1305.56 10 5 O-H TH W ih#Rzh & C-H 1H N % 3Rz
8 1211.07 1212.82 C-O 1145 5h )2 C-H TH N 25 iR zh
9 1145.72 1150.03 105 O-H 5 12 5 O-H i N & il 3R 3h A C-H i N Z 4R 3)
10 756.25 769.07 C-O H4a¥Rsh
1.2
~ P - 10
{ WA I a Tl W
o f Y| | [ ! !
| o |l (] I 2
) 307086 ve0377 @ “ 08 5
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Figure 4. IR experimental spectrum of TBHQ molecules

& 4. TBHQ 4 FHY IR SCIE iR
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FEARDBETEH, LSRG T TBHQ 70 FHIZLAMEIE (K 4), I SERTF R AIZLAMGIE AT T
ST G5 9 EoR, 1E 800~3000 cm VS P, HEIGTHEL G eI At BCEC LT, X R IR R
BORMERR TN 7> 7 (RSN PE . SR, BT BB T ROR T A TBHQ 70 TREATHY, T S I & e ik
HR R THIFIIAT N, R SEI0 A5 3 ) £/t 1l 1R 70 2 6 X ek de 7 ) B 3 A R i e

BEAh, AR B RS a5 R S A AR T 20 K B KDL S R B T () TBHQ
TSI LA AT T X A RRA A, 7E 2358.88 om Ak K AR IX I, FRATAY S E RO R L
INFIRAC U, TXRT RER I ERATTAE AT ) TBHQ M ARKE dh H AFAE S AR B =B 2 BT o X — KRBt —PHE
LT IATITIE L) TBHQ M A B HIALEE, e S:imt Fe i gt 7l 52 i st 2 i

ZR PR, I LA R SR S B T SO BT, BATAMUIRAIE T BRI R
IE S HABBT FEEAR IR LE, R 7 RER TR A AT FENE . IXEESE R0y TBHQ 7 393t — DAt S AT B
R 7 H DI A S A A

4, g5ig

(1) AL RRE: TBHQ 7 A AR A ISR S5 M, I BN R S KA AE R — /P |,
HEIRTRMNBESR FRARE S TRERNTH, 55 - MRENEEFHmAHRE, NS, |/
BARTE 0 T 450

(2) *HEL TBHQ 43 T HIFEIR A 40 A e i I 5 SE G 4T A6 1], e BILWS 4 7E 800~3000 cm i [ Py IT
BeAschy, BtZs BB U AT {E B .

(3) X TBHQ 7T HISLIGMIAS I LL AR AT SR, 5tk 55 N (R T 2850 2% T IR e 1 2 2%
JE3Z BRI T TBHQ 431 H SEI6 41 AR ' i P EAT X6 B, #3 BIA VRS 56 2 (1) TBHQ M ARE i %A B =
(125 i o

(4) TBHQ 7 FHIER LA B SR T & AN e 5 O AR B o6 &, s HL T, ikt
SR FITAS PR R AT 2 TS e ok 21 A/ S IR AU B A BBURR R AR B TR S Ve o 7 SERR SER I 2, H T4 T IR B AR
AR EAEH, AREMIRIEA TR ARG, SEURAMSL AR I ES . XA
IR 2z 5| ARSI A B R B, A ST UL ) R A e 5 A N P R WSV AE B AR D A 8 A )
Ho Wb, SR THIZHEE, IR, B, RoRLL A/ HE RS, m] RERsm s i i

FAFEAR o
HE&mHE

INELKITYE 2 Bt K2 A B I 2511l T H (2022DK201) .
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