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I nfluence factor s of crystallization rate of hexyl 2-[4-(diethylamino)-
2-hydroxybenzoyl]-benzoate
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Abstract: The effects of oil type, dissolution method, storage condition and emulsifier on the solubility and
crystallization of hexyl 2-[4-(diethylamino)-2-hydroxybenzoyl]benzoate (DHHB), the most widely used
sunscreen agent, were investigated. Among the 7 types of fat: isopropyl myristate (IPM), caprylic/capric
triglyceride (318), bis(2-ethylhexyl) carbonate (DEC), C12-15 alkyl benzoate (TN), carbonicacid, dioctylester
(CC), isononyl isononanoate (ININ) and phenethyl benzoate (226), 226 containing a large number of
benzene rings in its molecular structure displayed the best compatibility for DHHB, showing a solubility of
241.08 g/L when stored at 25 °C for 28 d after ultrasonic dissolution. When DHHB was stored at 25 °C
for 1 d to 28 d after heated dissolution, the solubility decline rate in each oil decreased by more than 10% in
comparison to that of ultrasonic dissolution, of which the solubility decline rate in 226 was reduced by
35.72%. Moreover, the addition of emulsifier could significantly slow down the solubility decline rate of
DHHB in dioctyl carbonate (CC), and the solubility decline rate reduced by 20.07% after Span20 addition
while decreased by 21.27% with Span80 addition.

Key words: sunscreen; solubility; ultrasonic dissolution; heating dissolution; emulsifiers; crystallization

rate; cosmetic materials

B A A AT AE P B R G LU H 58t WAt o R AR ISR, an T 3 A R
. AT IR i B R ROk R, JEHORR; MR Se (BMDM ), —Hi-3 (BP-3), — -4

i EHEE: 2022-04-26; EFA HHI: 2022-08-08; DOI: 10.13550/j.jxhg.20220403
{EB R/ KM% (1987—), 2, P, E-mail: zhangqj sit@.126.com. BEZA: KB (1970—), 2, #4%, E-mail: zhwanp @.126.com,



+338 - A% 4m 4 T FINE CHEMICALS

540 &

(BP-4 ), M- H O E R By A AL =% ( BEMT ),
TLHEFEBREP BT ERCE (DHHB ) SEN
B G Aot it E DA Ay, T R 5
ot dib BT H 5 T R IO P DA R B A e v 24 T
HRBBEAL . SOHN ZEMEF5E LB, FEBiIfik & b
AR50 R 8% DHHB J&, Bl BHT 5
BT MEHEEON 17.3 FREF) 13.8, B Ifi{A 2 A B ik
R, TR R BU™ M AE DT P RS 4
AT 8 — 255 W 7 i R R 1 Bk

BEX X — )8, KRR T8N E T 2R %
S B W S IR AR A M 22 5, NI B S A Y
VS FRA 0 . SOUZA S5 821 TR A [w] B i 571 7 24
— I R LA SRR B &2 R R R R i AR L, BF
FKRW, ERZEEOLT, BiKMERE R ML
T, KN B R RE (PGD ) & BMDM
BP-3 il BEMT fY#cfE745] . ENDO 512558 T 1
Fh [E 25 B ifi 71 DHHB 1 BMDM 75 i i 2 JE 0 i iR
RERY) 2-2. 5O fiF ( EH-O-HSA ) LA B I 25 By G 71
2-FEC I H AL NAERER ( EHMC ) H )i i B AR
b BT, PR EZSEH DHHB. BMDM
IR&VMT EH-O-HSA I, DHHB fil BMDM 1%
it 3 X0 R T LR S A 5 TR i A YRS B G 71
. fil 18 K 6 AR 537 PG 551 14 5 i B . HERZOG 4519143 51
FH S 6 K08 L T B2 R B ( DFT ) DU a4t
A B COSMO 45 & #4248 COSMO-RS 191t
R R EB IR BEMT 7R A RS iy 15
B, RN, KREHCR AT X B G747 i B 44
HAWRAEMRIER . SR, BEIRIAEs S T AR T
ZNRM A, Bz RN A
FLAR G Z R ZEBsEm, i H iR R =
Wit 2 o7 109G 5750 BB 4 Ak B2 A A, DHHB - HAR
SRR ETE . AR LA R A B I R, B
Iz R U,

ASCLL DHHB M, MRIBL 2R EFR O
R SF G (IPM ), MR /28 1R — HHimEE (318). BRAR
—ZHCEE (DEC), Cl12-15 BEAEHERHEE (TN ). ik
R —Efg (CC). LM Tl (ININ), ZKH R
LR (226) 7 Ffbtl i w MR VE AR, R G0
FERFR DT BT A A S5 R 2k B I 59 6 AN ) il g
IR R IR, RS AT T B IR ) 2 f A TR
FsE 5 38 3 3BT AS R LA T4 28 Hh B I 70 225 A o
HIARAE, WFFEAN R LA 20X 7 0 50) 285 d A 7 ok A5 i
B, SRR R B 2 FL AR AR R T A AL

1 LIS

1.1 RXFE5{NEH
TR (DMSO ). Span20. Span80, AR,

E 25 E B AR A R AR, TTKOEE, AR, Pk
37 ; DHHB ( B 53408 99% ). IPM., 318,
DEC. TN. CC. ININ, fbifhg, f%E BASF Jik
WA BRAE]; 226, fetk g, 21 Ashland A BRAF] .

UV-1800 24h-1T W43 561, H A Shimadzu
)3 KQ-300E AUE i EAy , Bl M A%
HIRAF; HI650-W B0 AL, WiVl s A
R ] 5 PCE-3000 BR/K CIHE R 7240, LI RIEIN
A PR/ T s D/max 2200PC X STk RATHHY, H
A Rigaku 2~ F 3 Olympus VR BX 53 {6 2 /55 it
#% B4 Olympus LC30, HAS Olympus 24 Al .
12 KEHE
1.2.1 7 fg B mlaX

43 FREL DMSO FIJE/K LBl b Ry 10 1),
TERER IR A 44%], BHl DHHB Fimik R 2. 4.
6. 8. 10, 12, 14, 16 mg/L RYBHMEFRIAER, 16
KWK 354 nm AbFEAT WG EEF G, 22Ot
(y) 5 DHHB Fis k% (x) MAniErRZ, wE 1
J7R o

2.0
y=0.1158x+0.00515
15sL  R=099977
3
g 1-0
0.5

2 4 6 8 10 12 14 16
Rk /(mg/L)

/11 DHHB 7 DMSO FIJG/K £ B AR BRRE 25
Fig. 1 Standard curve of DHHB in DMSO and absolute
ethanol mixed solution

S35 10 mL VAR T BB, 78 M A R
J 40 kHz, Zh& K 300 W, JEE N 50 °CFZE4m
A DHHB, F Z# 30 min I DHHB [# 25 HUki A,
KLV, VARSI AR

WS ERET 25 CHBAPAR 1 d
J& B35 WAE 8000 r/min R 5.0 30 min, Fi Bk 2.0
10* 4%, SRAPERAM-AT AR FE N K 290~450 nm
WE AT, AR EARE 2t B R s i By
W3R A B2 (/L )
1.2.2 585 s ik 64 6 & B A% A

DL 1.2.1 75 25 A7 I 0 £ ik A T ) o s VA
Ay IR AR (50 °C) FUm#iAE% (80 °C)
PR, A [ B 0 5 -k BV, O i T
4. 25 °CNWZEEE S 0 I I i e T



552 SRAG T, A T OB R T R YRR O IR 4 i R I 5 e TR R *339 .
123 Bl RIThER oH Q /_/_ﬁ
1.2.3.1 %XJ” EE}-T - O o

AR L3 90 5 ) DAL 8 N L d
SMIL, BRI TEATAT B4
1232 {6 B DH
e o e B2 SRl S DHHB (225t
f P4 1 . 5 R 5 gﬁémfﬁﬁ*ﬂﬁw‘ﬁ s Fig. 2 Chemical structural formula of experimental oils
THRPRES, TERFE AT and DHHB

1.2.3.3  XRD iljiz
B A A RO B T AR, HIEK S

@?{5‘6 30, CEHMARUEZ:; TR BT 45 CHt

A 2 h, BET o REAS E A 7 IR AR B R B T
%«%E’J%ﬁ‘z}#t%mﬁ FH X B R AT A
FE S AT 4G S YERE /AT, H#E Cu K, 4= 0.15406 nm,
FLJE 40 KV, HLJE 300 mA, FHHEHEE N 0.06 (°)/s,
20 FHHVEE R 5°~70°,

2 GRS

21 ARERHERFEFINARE

VERE T I Aot B 5 e FH Y 7 Rl s 7R A
JOT, 5 1.2.1 1 SEG 7, 430 25 S5 e i s ( TPM,
318 ). ZEMXFFRiAE (CC. ININ, DEC) DL KA
Kl (226. TN) X} DHHB &5 520, g
gEf A& 2 s, DHHB TEAS 813G b il v i
= 1 s,

/\/vv;g\/\)oko)\

/\/\/\/\o)ko/\/\/\/\
cc

/\/\A)Oko&oj(vvvv

318
OJ\O
/\/j/\ DEC /\(\/\
N
ANANANANS
™
g™
226
Y\/WOM
ININ

1 MBS DHHB 75 A [A)3H s h i 4 i
Table 1 Solubility of DHHB in different oils under ultrasonic
dissolution

IPM CC 318 DEC TN 226 ININ
W /(g/L) 357.03 409.10 407.21 407.03 426.89 596.93 413.28

71/ 50 °C'N DHHB # 7 i% ff T A [E g J5
25 °CHE 1d Wi & 1 Al )L, DHHB 7E 226
HH VS e e T AR L X R T 226 A TR
PIANZERR, SR DHHB 45 k) 238 H —2,
Bt OCMAHEE” T, 226 5 DHHB f945 K hinAH
1, HZ58 b ER L AR AR B Ly, (9
AEHERON BN, X5 DHHB 4115 4 %% i 45 T
[TV 1 82 R S 21 B B R 128 11 3 S e 7 T G
K, 5 DHHB Byl 73+ FH 75 8 4s- . 11 DHHB
76 IPM. 318, CC Ml DEC T HIAME A m, ke
JEHH IPM, CC fil DEC H R &H —AVFe3E, 5% 318
e ke a5 45K, H 318, CC Hl DEC 4 14544
R, ERERRR, MRbEEE, FTLL DHHB OV f#
JEAK . DHHB 7F 226 H A% B e e %#7‘7@&
AIREH T 226 FHEEAEX 7 FPililis e s, sk
G7F INRAZ AU BCH BN . A, DHHB 7E 226
W2k R RS, SR S S — 2P U AT g
e 7 PG 500 5 A 3 AR 2 B B R ) 45 it R 2

S HE5T DHHB By 196 5771 78 A [ 9 i v 8 445 ol
B4 AR Ak, R I G 45 4 DL R R i B 25 S vk B
318, CC. TN DI 226 g+ i DHHB fhikiE4T
T XRD ik, Z5HAanE 3 fioR .

Al DHHB-226
LW T DHHB-TN
5
=
B b M. DHEBCLC
Al DHHB-318

10 20 30 40 50 60 70
20/(°)

3 DHHB fEA R AR AR XRD 1 1&]
Fig. 3 XRD patterns of DHHB crystals in different oils
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