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Abstact: In this work, the interactions of aroma substances including benzyl alcohol, damascenone, ethy | vanillin and ethy | acetate with
the surfaces of MCM 41 zeolite were investigated. Temperature programmed desomption (TPD) experiments were conducted separately to
determine the TPD curves of these four kinds of aroma molecules on the MCM-41, and then estimate their desorption activation energies. T heir
electronegativity was calculated using-abinitio calculation. Results showed that desorption activation energies of benzy| alcohol, damascenone,
ethyl vanillin and ethy| acetate on the MCM-41 separately were 86.16, 71.13, 55.47 and 46.09 kl/mol, respectively. The electronegativity of
benzyl alcohol, damascenone, ethy | vanillin and ethy lacetate were 2.386, 2.664, 3.064 and 3.521, respectively. According to the HSAB theory,
benzyl alcohol and damascenone belonged to the software base substances, and ethy | vanillin and ethy | acetate were the hard base substances.
The interactions of benzyl alcohol and damascenone with the MCM-41 were much stronger than those of ethyl vanillin and ethy| acetate with
the M CM-41, suggesting that the surfaces of the MCM-41 had the nature of soft acid substance.
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Fig.1 Schematic flow diagram of TPD experiment
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Fig.2 TPD spectrum of phenethyl alcohol desorbed from
MCM-41 at different heating rates
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Fig.3 TPD spectrum of damascenone desorbed from
MCM-41 at different heating rates
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Fig.4 TPD spectrum of ethyl vanillin desorbed from MCM-41
at different heating rates
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Table 1 Activation energy of five aroma molecules desorption
on MCM-41

FEHDT  Tp=dK Tp-dK Tp=s/K Tp-1/K R? Eal(kd/imol)

KB 501.00 508.30 515.10 522.10 0.99 86.16
KHE] 44510 458.00 461.30 463.80 091 71.13

CHAAZFE 39270 401.80 407.30 412.80 0.99 55.47
CERCES 36120 370.60 376.90 381.10 0.99 46.09
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Table 2 Physical and chemical properties of five aroma

substance
) TR
EABE RLE KGW L LROE
2T X CsH10O0  Ci3HisO CgoH1003  C4Hs02
L OEN
2-F=/(g/mol) 122.17 190.27 166.17 88.11
LA 2.386 2.664 3.064 3.521
LI & L AE
J(kd/mol) 86.16 71.13 55.47 46.09

BRI IS (HSAB) & Pearson T~ 1963 42
HAEL, e ROV BRE S —, ERIFEEAR
2160



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.9

AT CHORE, WRRE, RS RA R T, BN
Lewis FRTK, MHER S IEmLS & BN ZRRE, MRS K
B AIR STEEAS A AR X R UL & I A . X —
W5 THMA BN, TEIEFR A VLA BORn 540 i
b S RIS B2 R, R BRI AR 152
F [20~14]

RV PYFE S5 TR, A SCEEER
Hyperchem7.0 7> FHAEK A H (1) PM3 S5 kAt
VUFP &S T IR, 2 M KIT5E (abinition)
% 3G-21 /Ko AR EAT T RO SRS
PR T AT F A7 R U A RO M R

N T R B R B kA S R R T
(L B, A LR B RS o 43 TP 405k A 5
Tt

1

Hep, 1 OB, A N TIRGRE. BT
1 B BT R SR PUBE NRE R Evomo, HLT
SRR A BUE BT HACEHUIERE R ELumo.

I=-Eromo ©))
A=-ELumo 4
W (2) RIS,

n= _% (Evomo — Evumo) (5)

SRR R, RN LewisBRAEERIE, wtk/\&oR

LewisFRBIEL A . 7T SAME R (6D RildH
1 1

X 5 (I+A) 5 (Eromo + ELumo) v

K 2 T VYRR S o B R AP R B AL
Rt F 8 Pearson B A AR TR I Z PRl 120 e 7 1
X >3 Jyfh, 2.8< X <3 N T, X <2.8 N
FR R 7 28, AT TR BT R S B3 J& T S C FH
FENEAENT28) , ZIHFLEEMN IR OB
J& TEm (T e R KT 3) o TPD singh
KW RLTERRE R R MCM-41 LW 554 71
RIRT CHEF LR IR CFRAE MCM-41 IR B
g5 77, WY HSABHELIR G T “BOoRiR, fHSEhE, K
ERAILAFE " MERA, BT MCM-41 )R 58 T
BRI IR S AR S W B 455 J g9, PRLIHEAT A
#EE, MCM-41 MRMAARKRMMER. T2,
MCM-41 K KX MR BRYE BT i1 € 5 & T )
i) & BT = FM LR R 2 TR) R B 465 6 A 88

3 4hig
2161

ASCEH T TPD HARME TR CBE KRS &
BEHEZRZUR R OEEESR 1 MCM-41 |
) TPD #hZk, F= W5+ TPD 2k el s,
TR A SR TR SR T 45 AR E o B BRE AL RE AL
HMAERKN: Kol KO, oEF2RUKLS
TR RS T4E MCM-41 L[\ BebhisALfe 7
7N 86.16+ 71.13. 55.47 F146.09 ki/mol. IXFKIHIX
TR SRS MCM-41 (R TS & 15855 K/
A 2K OBES RG> EFELRSCR O, &
AR IIAE S T4 MCM-41 Fm i Btk e
(R4 GReE) T eam MR [AES S+
MR RER IR B . BBAL, UM FH £
PR HER R, KA. KO, o53F =5
2R LB (I H A7 2351 2.38642.66443.064 F113.521.
1218 Pearson BHZRM)T HEE R bRl K ZBEFIR D
Fi 35 J& T i, 28 EF 2R MR TR T8
WA . TR A B R £ BEAR 1 B S5
MCM-41 K 1 B4 & ) 220 o T S i
I CEF = RN LBEE MCM-41 BRI BEs &
71, R AT UHERE , MCM-41 (1 3R1H EL A 3R AT 57

B IR

[1) ¥ O = J5URHM] AL Ak 57 Tl HifR #2009
Xie J P. Flavor of tobacco [M]. Beijing: Chemical Industry
Press, 2009

[21 3. LR T LA DI RER S AR SR S AT T
FE[D]. 5 M7 MoK 22 50,2012
Yuan Q. Synthesis and characterizations of several functional
composites based on mesoparous structure [D]. Jilin: Jilin
University PhD thesis, 2012

[3] Wang Jiexin, Ding Haomin, Tao Xia, e al. Storage and
sustained release of volatile substances from a hollow silica
matrix [J]. Nanotechnology, 2007

[4] Li Hui, Johnston CIiff T, Boyd Stephen A, ¢ al.
Thermodynamics of nitroaromatic compound adsormption
from water by smectite clay [J]. Environmental Science and
Technology, 2004, 38(20): 5433-5442

[5] Rodrguez-Bustamante E, Maldonado-Robledo G, Arregu o-
Espinosa R, et al. Novel method for aroma recovery fromthe
bioconversion of lutein to B-ionone by Trichosporon asahii

[J. Applied
Microbiology and Biotechnology, 2006, 71(4): 568-573

[6] WiAETE, B4R F0HE, 55 L G MCM-41 /v4L43 13
T B RE AT 5T 0] 2404k 1, 2011,40(4):344-346
Meng G H, Wang X G, Guo H, et al. Microwave Synthesis

using a mesoporous silicae material


http://www.engineeringvillage.com/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bLi%2C+Hui%7d&section1=AU&database=1&yearselect=yearrange&sort=yr

M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.9

[7]

(8]

0]

[10]

of MCM-41 Mesoporous Molecular Sieves and Adsorption
Research [J]. Contemporary Chemical Industry, 2011, 40(4):
344-346

Richard | M. Principles of adsorption and reaction on solid
surfaces [M]. New York: A Wiley-Interscience Publication,
1996

Xin LI, Xiao CHEN, Zhong LI. Adsomption Equilibrium and
Desomption Activation Energy of Water Vapor on Adivated
Carbon Modified by an Oxidation and Reduction Treatment
[J]. Journal of Chemical & Engineering Data, 2010, 55(9):
3164-3169

R G. Pearson, Hard and soft acids and bases [J]. J. Am. Chem.

Soc, 1963, 85: 3533-3539

Moxin YU, Zhong LI, Hongxia XI, et al. Activation Energy
of Desorption of Dibenzothiophene on Modified Adivated
Carbon by Loading Metal lons [J]. Chemical Engineering
Journal, 2007, 132: 233-239

[11]

[12]

[13]

(14]

Jing Xiao, Guoan Bian, Wei Zhang, e al. Adsomtion of
Ag/Cu/Fe-Supported  Activated
Carbons Prepared by Ultrasonic-Assisted Impregnation [J].
Joumal of Chemical & Engineering Data, 2010, 55 (12):
5818-5823

Qibin Xia, Zhong Li, Limin Xiao, et al. Effects of Loading

Dibenzothiophene on

different metal ions onto an activated carbon on interaction of
its surfaces with dichloromethanetrichloromethan [J].
Journal of Hazardous Material, 2010,179: 790-794

AR SR DU TR W PR e o LR 70 i P S Ak 7
[D1.)7 M4 B BT R et 24 185, 2009

Yu M X. Study on the gpplication of organic sulfide based
Modified activated carbon adsorption. in fuel oil [D]. South
China University of Technology PhD thesis, 2009

PN SN < e SN R - F R R G R T 5/ I U 5
S e 1 RE 152 1.3 A% A4 k), 2009,40(11): 1911-
1914

2162



