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Detection Characteristics of a HPLC Method on Carbonyl-DNPH
Derivatives in Relation with Column Flow and with
Solvent Strength of Mobile Phase

Ki-Han Lee and Ki-Hyun Kim'
Department of Earth & Environmental Sciences, Sejong University, Seoul 143-747, Korea

A number of carbonyl compounds in the atmosphere such as ketones and aldehydes can harmfully affect the
human health as primary and secondary pollutants, respectively. In order to analyze these compounds, one of
the most reliable methods include the analysis of their 2, 4-dinitrophenylhydrazine (DNPH) derivatives through
an application a reversed-phase High Performance Liquid Chromatographic (RP-HPLC) technique. The main
purposes of this study are to examine the detection characteristics of the HPLC method against carbonyl-DNPH
derivatives in relation with column flow and solvent strength of mobile phase. The overall results of our study
indicate that changes in column flow sensitively affect the detectability, while solvent strength influences more

on their resolution.
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Table 1. A list of target carbonyl compounds for the analysis

Full name Short name Chemical Formula Mol. Weight g/mol
Formaldehyde Form-A HCHO 30
Acetaldehyde Acet-A CH,CHO 44
Propionaldehyde Propion-A CH4;CH,CHO 58
Crotonaldehyde Croton-A CH;CH=CHCHO 70
Butyraldehyde Butyr-A CH,;CH,CH,CHO 72
Benzaldehyde Benz-A C¢H5CHO 106
Isovalerldehyde Isovaler-A (CH,),CHCH,CHO 86
Valealdehyde Valer-A CH4(CH,);CHO 86
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Table 2. An operating condition of HPLC/UV system for the analysis of carbonyl compounds

Order HPLC/UV Lab Alliance, Model 500
1 Pump: Dual head pump system
2 Mobile phase ratio (ACN : Water): [11 6 : 4, [2] 6.5 : 3.5, and [3] 7:3
3 Column: C18 (Hichrom: particle size 5 zm)
25 cm x 4.6 mm
4 Column flow rate (ml/min): [1] 1.5, [2] 2.5, and [3] 3.5
5 Loop size (ul): 20
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Table 3. Results of calibration analysis of carbonyl compounds under varying conditions

Mobile Phase  Flow rate Compounds

(ACN : H,0) (ml/min) Form-A  Acet-A Propion-A Croton-A Butyr-A Benz-A Isovaler-A n-Valer-A

Slope 343580 258730 200950 177540 162720 120250 138100 133190

Lo r? 09998  0.9999  0.9999  0.9999  0.9999  0.9999  0.9999  0.9999
Slope 201790 151460 117840 103830 95080 70350 80880 78120
73 2o 2 0.9982 0.998 09975 09973 09975 09964  0.9972  0.9976
Slope 143290 107720 83620 73510 67210 48640 57020 55240
5o 2 09999 09999  1.0000  0.9999  0.9999  0.9938  0.9999  0.9998
65 - 35 15 Slope 341700 256030 197640 174910 161320 117060 120100 133040
r? 1.0000 1.0000  1.0000  1.0000 1.0000  0.9999  1.0000 1.0000
Slope 346170 258650 198960 174600 141610 117210 118550 116460
6:4 Lo r? 09999 09999  0.9999  0.9999  0.9999  0.9999  0.9999  0.9999
Mean 343820 257800 199180 175680 155220 118170 125590 127560
15 SD 2247 1537 1666 1614 11805 1802 10866 9618

RSE 0.38 0.34 0.48 0.53 4.39 0.88 5.00 4.35

Table 4. Comparison of two fundamental analytical parameters: Detection Limit & Reproducibility

A. Detection Limit

Mobile Phase Flow rate Compounds

(ACN : H,0) (ml/min) Form-A  Acet-A Propion-A Croton-A Butyr-A  Benz-A Isovaler-A n-Valer-A

15 LHg/m>+ 0.49 0.64 0.83 0.94 1.03 1.39 1.21 1.25

) ppb* 0.39 0.35 0.34 0.32 0.34 0.31 0.34 0.35

7.3 95 Lg/m>+ 0.83 1.10 1.42 1.61 1.75 2.37 2.06 2.14

) ) ppb* 0.66 0.60 0.59 0.55 0.59 0.54 0.58 0.60

55 1g/mS* 1.16 1.55 2.00 2.27 2.48 3.43 2.93 3.02

) ppb* 0.93 0.85 0.83 0.78 0.83 0.78 0.82 0.84

65:35 15 LHg/m>+ 0.49 0.65 0.84 0.95 1.03 1.43 1.39 1.25

oo ; ppb* 0.39 0.36 0.35 0.33 0.35 0.32 0.39 0.35

64 15 LHg/m>= 0.48 0.65 0.84 0.96 1.18 1.42 141 1.43

) ) ppb* 0.39 0.35 0.35 0.33 0.39 0.32 0.39 0.40

* A total sample volume of 15 L was assumed

B. Reproducibility (RSE %)

Mobile Phase | Flow rate Compounds
(ACN : Hy,O) | (ml/min) |Form-A Acet-A Propion-A Croton-A  Butyr-A  Benz-A Isovaler-A n-Valer-A
1.5 0.14 0.02 0.55 0.84 0.93 0.88 0.65 1.95
7:3 25 1.45 1.29 1.75 1.32 1.21 1.25 1.67 1.27
3.5 1.13 0.97 0.23 1.27 0.50 1.56 1.94 1.27
6.5 : 35 15 0.06 028 100 0.78 1.84 2.35 0.70 0.66
6:4 1.5 0.49 0.83 0.64 1.14 1.82 0.95 1.37 0.48
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Fig. 1. Comparison of calibration curve under the conditions of varying column flow rates.

2817] 9I8l, ol5el Ml MalA FRA a5t
§ic). 7 A3, guizwe] Wash Aadel 7187 4k
o Wrke WslE 74 o= A% T - AckFi
2). o] A3}= Table 30 AAIgE 1.5 ml/minol|X2] 3
BEZCA gol, 5% ol ek ZlozrE Fel

=

ek, zeu Aol 71e71e tig

0.9998 oo s 2o 428 AASITh

33. 1

H

L

=}
=

[e]
e

oA F 7P AR W] we



6 ol7lgt - %71&

Formaldehyde

8000000
®7:3 y = 343581x
7000000 A g5:35 R? = 09998
6000000 | |(®6:4 y = 341697x
R?=1
5000000 | y =346172x

— 2 _
4000000 | R 709999

©
& 3000000
2000000
1000000
0
0 5 10 15 20 25
ng
Propionaldehyde
4500000 200500
e7:3 y = X
4000000 11, oo 35 R?=09999
3500000 | |gg 4 y = 197639
3000000 2=
< y = 198963x

£ 2500000
% 2000000

R? = 09999

21500000
1000000
500000
0
0 5 10 15 20 25
ng
Butyraldehyde
3500000
®7:3 y = 162716x
3000000 | 'A65:35 R®=09999
2500000 | M6:4 y = 161822
© y =141608x R =1
[0
£ 2000000 R? = 09999
§ 1500000
Q
1000000
500000
0
0 5 10 15 20 25
ng
Isovaleradehyde
3000000
®7:3 y = 138100x
2500000 A65:35 R? = 09999
mG: 4 y = 120105x
2000000 | ¥ =T18852x  R®=1
¢ R® = 09999
< 1500000
©
(o)
21000000
500000
0
0 5 10 15 20 25
ng

Acetaldehyde

6000000
*7:3 y = 258734x
5000000 | |A65:35 R?=09999
w64 y = 256031x
2 _
4000000 | - psggagx R =1
5 R? = 09999
< 3000000
©
[}
22000000
1000000
0
0 5 10 15 20 25
ng
Crotonaldehyde
4000000
®7:3 y = 177536x
3500000 ||Ags:35 R?=09999
3000000 | |m6:4 y = 174906x
2 _
5 2500000 | Y = 174598x R =1

= R® = 09999
< 2000000

8
& 1500000 |

1000000 |
500000
0
0 5 10 15 20 25
ng
Benzaldehyde
3000000
®7:3 y = 120249x
2500000 | (A65:35  R%=09999
BG4 y = 117056x
b 2 _
g 2000000 |y sh05, R = 09999
o 2
1500000 | R =09999
©
[
2 1000000
500000
0
0 5 10 15 20 25
ng
Valeraldehyde
3000000
*7:3 y =133192x
2500000 A65:35 R®=09999
g4 y = 133042
2000000 |y =11gas9x R°=1
s R? = 09999
< 1500000
©
[}
21000000
500000
0
0 5 10 15 20 25

ng

Fig. 2. Comparison of calibration curve under the conditions of varying solvent strengths.
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Table 5. The number of theoretical plates (N) and Resolution (Rs) with carbonyl compounds at varying column flow rates
(7:3, 2 ng injection)

Flow rate Compounds PH T.R W, N Rs
ml/min min
Form-A 6455 2.88 0.08 20736
Acet-A 4304 3.35 0.10 17956 5.22
Propion-A 3000 4.27 0.10 29173 9.20
15 Croton-A 2489 4.92 0.11 32008 6.19
’ Butyr-A 1949 5.49 0.13 28535 4.75
Benz-A 1477 5.89 0.13 32845 3.08
Isovaler-A 1394 6.92 0.14 39091 7.63
Valer-A 1348 7.31 0.15 37999 2.69
Form-A 6191 1.77 0.05 20051
Acet-A 4133 2.06 0.06 18860 5.27
Propion-A 2823 2.62 0.06 30508 9.33
25 Croton-A 2317 3.01 0.07 29584 6.00
’ Butyr-A 1810 3.36 0.09 22300 4.38
Benz-A 1362 3.61 0.09 25742 2.78
Isovaler-A 1288 4.24 0.09 35511 7.00
Valer-A 1253 4.48 0.10 32113 2.53
Form-A 6133 1.28 0.04 16384
Acet-A 4072 1.50 0.04 22500 5.50
Propion-A 2501 1.91 0.05 23348 9.11
35 Croton-A 2271 2.20 0.06 21511 5.27
’ Butyr-A 1766 2.45 0.06 26678 4.17
Benz-A 1332 2.63 0.06 30742 3.00
Isovaler-A 1238 3.08 0.07 30976 6.92
Valer-A 1221 3.26 0.07 34702 2.57

Table 6. The number of theoretical plates (N) and resolution (Rs) in the analysis of carbonyl compounds with respect to
solvent strength (1.5 ml/min, 2 ng injection)

Fl;)nv;r/ nrl?rtle Compounds PH 1;11‘1]:1 Wy N Rs
Form-A 6455 2.88 0.08 20736
Acet-A 4304 3.35 0.10 17956 5.22
Propion-A 3000 4.27 0.10 29173 9.20
7.3 Croton-A 2489 4.92 0.11 32008 6.19
’ Butyr-A 1949 5.49 0.13 28535 4.75
Benz-A 1477 5.89 0.13 32845 3.08
Isovaler-A 1394 6.92 0.14 39091 7.63
Valer-A 1348 7.31 0.15 37999 2.69
Form-A 5710 3.31 0.09 21642
Acet-A 3610 3.98 0.11 20946 6.70
Propion-A 2379 5.35 0.13 27098 114
65 : 35 Croton-A 1999 6.34 0.14 32813 7.33
Butyr-A 1493 7.20 0.15 36864 5.93
Benz-A 1155 7.92 0.16 39204 4.65
Isovaler-A 1024 9.44 0.17 49336 9.21
Valer-A 959 10.1 0.19 44766 3.39
Form-A 4941 3.89 0.11 20009
Acet-A 2888 4.84 0.14 19123 7.60
Propion-A 1855 6.85 0.16 29327 13.4
6: 4 Croton-A 1545 8.41 0.18 34927 9.18
’ Butyr-A 1134 9.70 0.18 46464 7.17
Benz-A 834 11.0 0.20 48664 7.00
Isovaler-A 761 13.3 0.24 48767 10.1

Valer-A 719 14.2 0.25 51693 3.92
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