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2
2.1
GC 6890N ( Agilent ) ;IR 6170 ( Thermo Fisher Scientific
) FID ; 6890/5790 - ( GCMS Agilent ) o
2- 3- \2- A4 S- 2- 3- N N N N
. . . . . . ( =99.5%
) ( (C  )o
1000 mg/L :
2.2
2.2.1 GC-MS
. Agilent HP-VOC(60 m x 0.32 mm x 1.80 pm); . 260°C;
270°C 230°C El 70 eV, He 1.0 mL/min;
1 pL 25: 1, : 5C /min 70°C 270°C
2.2.2 GCHR/FID Agilent HP-VOC (60 m x 0.32mm x 1.80 um);
260°C FID :250C; He 1.0 mL/min; 1 pL
5:1; 5% /min 70°C 270C; 116 cm™ :8 ; GC4R
:270°C :270°C.
2.3
0.2 mL 0.5 mL 2 min 1 mL 3
1 mL
2.4 ‘0
» RI
(5,
6, = m(n;, —1) —h, (1)
n, i ) m, i h, i .
0; "Q:
"Q = D (5,808 )" (2)
m NN ioj k ( ) o
0 ’Q
Q= (8)" (3)
3
3.1 GCMS GCFID/IR
GCIR GC-MS
o ( 1o
GCIR

GC-MS  GCHR/FID
GCAR GCMS
3.2 QSRR
17 7 ( . . .
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1 GC-MS/IR/FID
Table 1 Retention time of aldehydes ketones and esters in GC-MS/IR/FID

Retention time of different analysis method ( min) * Al * kAL
Peaks Compounds (' min) ( min)
GC-MS GC4R GCFID
1 2- 2-Pentanone 8.735 11.404 11.693 2.669 2.958
2 3- 3-Pentanone 8.973 11.663 11.950 2.690 2.977
3 Ethyl propionate 9.165 11.862 12.148 2.697 2.983
4 Methyl butyrate 9.537 12.275 12.560 2.738 3.023
5 2- 2-Hexanone 11.667 14.526 14.796 2.859 3.129
6 Ethyl butyrate 11.776 14.629 14.900 2.853 3.124
7 Hexaldehyde 12.046 14.931 15.197 2.885 3.151
8 5- 2- 5-Methyl2-hexanone 13.881 16. 808 17.069 2.927 3.188
9 Isoamyl acetate 14.291 17.206 17.462 2.915 3.171
10 4- 4+Heptanone 14.362 17.297 17.552 2.935 3.190
11 Propyl butyrate 14.990 17.920 18.169 2.930 3.179
12 Amyl acetate 15.523 18.448 18. 698 2.925 3.175
13 3- 3-octanone 18.249 21.199 21.442 2.950 3.193
14 Butyl butyrate 18.326 21.272 21.501 2.946 3.175
15 Ethyl hexanoate 18.423 21.336 21.580 2.913 3.157
16 n—-Capryl aldehyde 18.904 21.857 22.097 2.953 3.193
17 Isoamyl butyrate 20.379 23.295 23.530 2.916 3.151
18 4- 4-nonanone 21.149 24.073 24.310 2.924 3.161
19 n-Amyl butyrate 21.605 24.503 24.737 2.898 3.132
20 Isoamylisovalerate 22.009 24.923 25.153 2.914 3.144
21 Hexyl butyrate 24.754 27.611 27.839 2.857 3.085
22 Glycerol triacetate 29.450 32.239 32.475 2.789 3.025
23 Ethylcaprate 30.676 33.472 33.701 2.796 3.025
24 Ethyl laurate 35.840 38.583 38.815 2.743 2.975
At Average At ( min) 2.859 3.111
At RSD ( %) 3.1 2.6
AL =lgear—lewss K KD Al = lgern—locws
. . . ) :
. 0 . GCMS
2. 2 0
0.997, GC o
o 2.
2 —
Table 2 Data of 1, Q model of saturated esters
0 Iy Ik
Compounds 00 values Expe(r i::i(iswl "R Pr?(lri;tz;l fi (E %(J)r
Ethyl propionate 20.570 9.165
Ethyl butyrate 24.021 11.776
Ethylhexanoate 30.949 18.423
Ethyl caprate 44.805 30.676 ty =0.8236 x °Q-7.422
R =0.9971
Ethyl laurate 51.734 35.84
Ethyl myristate 58. 662 40.485
Ethyl pentadecanoate 62.126 42.897
Methyl butyrate 20.567 9.537 9.517 -0.21
Isoamyl acetate 27.073 14.291 14.875 4.09
Amyl acetate 27.453 14.990 15.188 1.32
Propyl butyrate 27.472 15.523 15.204 -2.06
Butyl butyrate 30.936 18.326 18.056 -1.47

Isoamyl butyrate 34.021 20.379 20.597 1.07
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2( Continued to Table 2)

0 IR lR
. 0 Experimental ¢ Predicted ¢, Error
Compounds Q values ( min) R Comin) R (%)
n-Amyl butyrate 34.400 21.605 20.909 -3.22
Isoamylisovalerate 37.091 22.009 23.126 5.07
Hexyl butyrate 37.864 24.754 23.762 —4.01
Methyl palmitate 62.136 43.827 43.753 0.17
ty th: Retention time; °Q: Zero topological index.
0 5%
2- 3- “2— N 5- 2-
0 0
(2x) Q o ty 0
R*=0.997. GC-MS () °0Q
t, =0.909°Q - 8.141 (4)
43— - 4- 3 GCMS
4 GCdR .
(4) Table 3 Relative errors between predicted values and experimental values
of the aldehydes and ketones test set
3. g R
Experimental ¢ Predicted ¢ Relative errors
Standards R R
Standards ( min) ( min) (% n=3)
3. 4% 4- Di-n-propyl ketone 11.404 11.422 0.15
3- 3-Octanone 14.931 15.102 1.14
° 1- n—-Caprylaldehyde 16.808 17.377 3.39
3.3 QSRR GC-MS/IR 4~ Nonan4-one 21.857 21.402 .08
3.3.1 1# GCMS 1# ( 1A). NIST
9.16.19 24 4,
1A 3 16 24
. GCAR ( 1B) IR
9 19 3 o
907 o 6.7 - 0.081
- 0.07f b 2
3y 0.06
= s| s 2 005sf
g 60 - E
= = 0.04f
- 9 121 =
1 ) s 0.03 /
455 23 4 i 16‘17 01[24 3 : 5
* ' 5530 02 9
0 255 0.02r I \s o
30 1 1 1 ) 0.01 Avent 1 1 1 1 ]
8 16 24 32 40 12 16 20 24 28 32 36 40
t (min) ¢t (min)
1 1# GCMSTIC (A) GCHR Gram-Schmidt ( B)
Fig. 1 Diagrams of flavor sample in GC-MS ( A) and GCHR ( B)
QSRR .5 6 ~
14 ’Q o
4 9 19 ;



1562 43

4  GC-MS NIST 1# N
Table 4  NIST library results of the possible aldehydes and esters in flavor sample
Retenti NIST R i NIST
Peak c:i?r]lzon Results Matched-degree || Peak e:;e;telon Results Matched-degree
No. . (%) No. . (%)
( min) ( min)
3 11.67 Ethyl butyrate 71 19 24.57 Decyl aldehyde 93
9 18.00 n-Capryl aldehyde 91 o4 27 63 Tridecylic aldehyde 49
16 21.39 n-Nonyl aldehyde 72 o Tetradecyl aldehyde 47
18 24.43 Octyl acetate 95
16 ( ) 21.677 min 21.39 min 16
. 24 ( 5 64 'Q
) Table 5 °Q value of n-6-14 carbon saturated aldehydes and their predicted
retention time
MS 0 ty”
Number of Predicted ¢y~
carbon atoms Compound °Q values ( min) !
° 6 Hexaldehyde 22.329 12.156
24 7 Heptaldehyde 25.875 15.379
o 8 Octyl aldehyde 29.339 18.528
3 16 9 n-Nonyl aldehyde 32.803 21.677
' 10 Decyl aldehyde 36.267 24.826
;24 11 Undecylic aldehyde 39.732 27.976
QSRR GC-MS/IR 12 Dodecyl aldehyde 43.196 31.134
13 Tridecylic aldehyde 46. 660 34.273
14 Tetradecyl aldehyde 50.124 37.422
3.3.2 2#
2# GC-MS 2 NIST
6 o
_ 46 8 _ 4
12 A 0.10 B 8
10
10F 0.08t
2 0.06f
g s
E 004f 0 ‘
0.021 ; L 10
L L A
1 | 0.01 1 Il 1 1 1 J
45 50 20 25 30 35 40 45 50
t (min) t (min)
2 2# GCMSTIC (A) GCHR Gram-Schmidt  ( B)
Fig.2 TIC ( A) and Gram-Schmidt ( B) diagrams of sample 2#
GC-MS NIST GCHR 24 GC-MS
GC-MS GCAR MS
. NIST °0 QSRR
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6 GC-MS NIST
Table 6  NIST library results of the possible esters in sample 2#

Peak No. Retention Results Matched-degree Peak No. Retention Results Matched-degree
time ( min) (%) time ( min) (%)
Ethyl caprylate 87 9 36.27 Isoamylcaprate 68
2 23.99 %0
Ethyl pentadecanoate Fthyl pentadecanoate 98
4 28.59 _— . 83
Glyceryl triacetate 10 39.61 Ethyl myristate 95
6 29.79 Ethylcaprate 96
Ethyl laurate 97 Ethyl undecanoate 83
8 34.97
Ethyl pentadecanoate 86
°Q QSRR ty ="QA +B
N o GCMS.GCHR
0
=0
HP-VOC o 1,=Q
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Quantitative Structure-Retention Relationship Assisted Gas
Chromatography-Mass Spectroscopy/Gas Chromatography—
Infrared Spectroscopy for Analysis of Aldehydes
Ketones and Esters in Fragrances

HUANG YiFei' CAI Zan® WU JunZhang' ZHOU Rong' XIAO Xiao-Hua > LI GongKe >
"( China Tobacco Guangdong Industrial Co ILtd. Guangzhou 510000 China)
*( School of Chemistry and Chemical Engineering SunYat-sen University Guangzhou 510275 China)

Abstract A fast and accurate method based on quantitative structure—retention relationship ( QSRR) and gas
chromatography-mass spectroscopy/gas  chromatography-infrared  spectroscopy ( GC-MS/GCHR )  was
established for analysis of aldehydes ketones and esters in fragrances. Multiple linear regression analysis was
used to establish the QSRR model whose dependent variable and independent variable was retention time and
molecular topological index °Q  respectively. The QSRR equations were ¢, =0.9090°(Q —5.279 for aldehydes
and ketones and 1, = 0.82360°(Q —7.422 for ester with correlation coefficient of 0.997 the relative errors
between the predicted values and experimental values of test set were lower than 5% . Moreover combined
with the QSRR and GC-MS/GCHR method the retention time of aldehydes ketones and esters in fragrances
was simulated showing the present method is a fast and accurate method for analysis of aldehydes ketones
and esters isomers in complex samples.

Keywords Quantitative structure—retention relationship; Fragrances; Aldehydes Ketones; Esters; Gas

chromatography-mass spectroscopy; Gas chromatography-infrared spectroscopy
( Received 17 April 2015; accepted 8 June 2015)



