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While difficult to see graphically, note the two different slopes of the plots (in green) ...this
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hiah | " — Ivsil . h d 1—8008 1EFutlf gr? T)ro (;ererr g,e?gf? a'\r/l e[,rzi?]ot?o:_c'il.j 88at 155°C an Elution orders and resolutions can change with a change in chromatographic temperature. Thisis not “new news.” :jemperfaturfe. By f]ett' ng the thzequgltjl_ons ﬁqual to each otr:]er and solving for ;]( (;]nican dso
Very hig percentage cyanopropy (80-1_00 %) containing polysiloxane stationary phases are use If you look hard enough, you can find a pair of compounds that reverse elution orders on any capillary GC etermine from the equations describing the two curves the temperature at which these two
for the capillary GC analysis of fatty acid methyl esters (FAME) when characterization of Tm 5.67 column. What is less commonly understood and counter intuitive is that resolutions can be improved by increasing compounds exactly co-elute.
geometric and positional isomers of fats and oils is required. The high polarity of these Isothermal Temp (C)| 155 180 chromatographic temperature. The practical benefit of thisis that for a complex sample that has co-€lution at one 19:1n12-trans =  18:2n6
stationary phases is necessary to better resolve the potentially numerous cis/trans FAMES in CHAIN RT RT temperature, it is possible to achieve complete resolution of all FAMEs simply by changing the temperature and ' '
these samples. co8:0 31‘; 223 B?Og? a?ﬁafrom both runs to more fully characterize the sample, or simply modifying the current temperatur 19.054x - 3789.6 = 18.419x - 3687.4
C11:0 . . .
High cyanopropy! content polysiloxanes have always presented problems with film stability both catt _ L7 Example: Looking at the table, arun at 155°C gives the elution order of 18:2n6 (45.30 min) followed by X (coelution temp) = 160.95°C
during initial coating of the capillary column and later, with use at higher temperatures as the ci2:1 10.48 7.53 C19:1n12-trans (45.66 min). If thereis very large amount of 18:2n6 present and a small amount of C19:1n12- If we wanted the 19:1n12-trans to elute before the 18:2n6, we would haveto go upin
viscosity of the polymer decreases. This is aggravated by the fact that extremely long columns of C13:0 10.66 7.53 trans, the 18:2n6 peak will “front” and the C19:1n12-trans peak will be lost in the fronting. By RAISING the chromatographic temperature from 160.95C. Referring to Table 1. retention times
at least 100 meters are typically required to generate the separating power needed to adequately g 240 2 temperature to 180°C, the C19:1n12-trans peak will actually elute before the 18:2n6 peak, and resolution will be highlighted in green we note elution order reversal is achieved.
resolve positional isomers. To address these issues, an approximately 88% cyanopropy! C15:1n5 - trans 13.12 8.35 regained.
polysiloxane stationary phase is stabilized by the incorporation arylene bridges into the polymer Cl4rlcn154_-l"ans 133; :gg How can thedirection of elution order change be predicted?
backbone and otherwise “tuned” by structural modifications to behave properly as a capillary GC o150 1548 9.03 o . . : . :
stationary phase. This column has distinct advantages in temperature limits and separation C15:1n5 18.19 9.96 Temperaiure dependent selectivity can pre(_j|cted by charactgr|z| ng theelunor_] of dlffer_ent. FAMEsa multiple The followina fiqures are a number of edible oil and fish oil chromatoarams on HP-88
quality relative to other columns commonly used for FAMES applications. The elution of sixty- Cis:inl 18.65 10.05 temperatures (See Figure 1), and then plotting curves according to the following equation: 4 o \;'! 9 t;g:HP 88| tlfl] o : ehl Vel ! h ' terized 9 il -h' 'h
L . " : . . . . emonstratin -88 is the most comprehensively characterized commerci i
seven individual FAMEs have been characterized on HP-88, and an algorithm has been developed T ;ii;‘ 12;2 -T (Kelvin) x In (k) vs Elution Temperature, cyanopropy! ?:ol umn for EAMES analysisgvailabletogay No other manufacturer zas g
to allow the prediction of elution order changes with chromatographic temperature changes. 2132 §§i§ 1;32 where k = (Retention Time of FAME — Unretained Peak Time)/Unretained peak time characterized and published the temperature dependent selectivity of their phase. As such,
C17:1n7 - trans 27.83 12.91 This allows alinear curve to befit of y = mx+b with HP-88, the analyst has much gresater flexibility in achieving resolution between co-
c17:1 29.16 13.39 B ' eluting pairs ssmply by changing the chromatographic temperature, and greater confidence
Analysis of FAMEs (Fatty Acid Methyl Ester) found in edible oils, processed foods, conventional e 2‘21:‘11; 1:22 Itisthe differing slopes (m) that indicate whether or not two given compounds will potentially change resolution in the identification of their FAMEs under avariety of chromatographic conditions.
foods, and biological samplesis now better enabled by the rugged characterization of over 67 C18:1n12 - trans 35.21 14.89 or even elution order by varying the chromatographic temperature. They also indicate which direction in Combine this with the HP-88' s higher upper temperature limit and you have a flexible and
important saturated, unsaturated, and cis and trans-FAMES on Agilent’ s HP-88 GC Column (Table C18:1n9 - trans 35.38 14.97 temperature you have to go, increased or decreased, relative to where you are in order to improve resolution. The robust solution for identifying your FAMES of interest.
1). This represents the most extensive characterization of FAMES published by any column C18:1n7 - trans 35.96 15.10 following graph demonstrates the previous example.
. . . ie: . e C18:1n12 36.51 15.22
manufacturer to date, and allows analysts to more confidently confirm the identification of specific c18.1n0 36 89 1535
FAMES of interest in new or unusual samples, or to switch from another manufacturer’ s previous C18:1n7 37.78 15.57
ati I to Agilent’ s HP-88 col . :2n6 - trans 41.62 16.66 . . .
SeEen St AGTEES S Cleclfznts 45.30| 18.56 C18:2n6 and C19:1n12-trans Elution Order Change Agilent acknowledges Ryan Davis of Lipomics Technologies, Inc., West Sacramento,
HP-88 is a more stable, more efficient arylene cyanopropyl stationary phase version compared to C19:1n12 - trans 45.66| 18.22 with Ch romatog raphic Temp Ch ange CA ( ) for producing the “mountain” of data used to characterize
previous generation non-arylene cyanopropy! columns used for this analysis. Because of it’ s higher C19:1n9 - trans 48.25 18.64 the 67 FAMEs on the HP-88.
upper temperature limit, analysts using HP-88 should enjoy longer lifetime and better resolution of C18:3n6 53.08 20.70 HP-88
FAMEs than conventional cyanopropy! columns. 65293103 gg'gg ig-gg FID Response -2 5 7 100mx 0.25 mm I.D. x 0.2 nm
o : : Al 3 Partno:  112-88A7
No one column can resolve all possible FAME permutations of, say, a highly polyunsaturated 6206:11:92_ ts,ans 2?32 Z:Z -20017 90 ?_9_ Palm Kernel
edible oil which has been partially hydrogenated. However, HP-88 has a feature that can allow a C18:2-410 trans.d12 rans (conjugated) 62.64 23.30 _ Carrier: H,@ 30 cm/sec Oil (FAMES)
more complete characterization: temperature dependent selectivity | . Temperature dependent C18:2- d9 cis, d11 trans (conjugated) 63.35 23.36 C18:2n6 _ oven: 155°C Isothermal
selectivity means that you can, just by changing the average chromatographic temperature the 182410 cie g Cconuaated) gigz iggg -400 : ] In'ect.or' Solit. 240°C
compounds experience, improve the separation order of some compounds of interest. Practically, C18:2- 410 trans, 412 ois (wnjjuggated) 55.50 24.01 y = 18.419% - 3687.4 1 ) ' pl' T )
this means that more FAMESs can be identified in very complex samplesjust by changing the C18:4n3 68.23 25.37 = 187 Split ra_tlo 100:1
temperature conditions (see Table 1 and explanation to follow). The temperature change required to c21:0 75.55 25.14 < -600 . 0.5 plin Cyclohexane
get meaningful selectivity changes however is alarge (30°C), so analysts do not have to worry 2232": ;2-38 i;gz £ . Detector:  FID, 250°C 9
about elution order changes over minor deviations in temperature that normally result from routine s 8570 >822 H C19:1n12-trans i
column maintenance or dight changes in column flow for temperature programmed runs. ©20:3n6 91.81 31.24 -800 17_' 8 1. C6:0
C22:0 100.24 31.50 — _ | .
Temperature dependant selectivity is sometimes counter intuitive. Normally, one would think that €20:4n6 101.91 34.25 y 19.054x - 3789.6 i g g?(?o
to improve a separation you simply lower the temperature. It is not always the case. To aid in conand T e -1000 | : :
maximizing the resolution between any two FAMES Agilent provides an Excel tool that enables the C22:1n9 - trans 110.80 33 84 i 4. C1L.0
analyst to determine whether to increase or decrease the average chromatographic temperature in C22:1n9 111.68 35.61 16 5. C12:0
order to improve the resolution, and also will indicate at what temperature the two FAMES of €20:4n3 119.89 38.74 -1200 . 6. C13:.0
interest will co-elute. This tool can be downloaded from the Agilent web site. Visit €20:5n3 (DPA) 28 e - 7. C14:0
www.agilent.com/chem, click Columns & Accessories then All Column Phases then HP-88 for a 66223212:: 143 19 44,19 Isothermal Tem P (C) ¢ C18:2n6 m C19:1n12 - trans 7 ! 8. C16:0
downloadable spreadsheet that will allow you to determine the elution order of the listed FAMEs at C22:3n6 176.01 53.19 il 9. C18:0
agiven temperature and unretained pesk time." c22:4n6 178.91 54.93 157 4 k 6 L L
C24:0 182.04 50.00 [ e SO BV N WY, “
i . C22:5n6 195.05 59.45 N
J. High Resol. Chromatography. 14:745-750 (1991) C24:1n9 197.65 56.34 Figure1. —TIn(k) v Chromatographic Temperature curvefor C18:2n6 and C19:1n12-trans. These curve fit -
C22:5n3 (EPA) 238.41 69.01 equations for each allow the prediction of elution order at any given temperature and the exact co-elution 1
C22:6n3 (DHA) 255.42 75.26 . . . . . . . 14
C24:5n3 409851 11029 temperature. Additionally, one can predict retention timesif the temperature and un-retained peak times are known. - L A R L L
C24:6n3 467.70 125.63 10 20 30




FID Response

0A
- . 1. €60 16.  C16:1 trans 31 C20:0
i FAME Standazd (Nu-Chek Prep, Inc s > oo o el 5 Cipan
N GLC-463) 155°C 3. C90 18.  C17:0 33, C20:1n9 trans
9 100 m x 0.25 mm I.D. x 0.2 mm 4. €100 9. C17:1 34, C20:1(8)
i Partno: 112-88A7 5. C11:0 20. C180 35. 20:1(11)
| 6. C120 21, C18:1n9 trans 36. C20:2n6
j Carrier:  H,@ 30 cmisec 7. C111 22, C18:1n7 trans 37. C20:3n6
i Over: 155°C Isotherml 8. cC121 23.  C18:1n12 38. 20:0
P e : " 9. C130 24.  C18:1n9 39. C20:4n6
i 1 Injector: Split, 240°C 10. €131 25.  C18:1n7 40.  C20:3n3
i Split ratio 100:1 11. C14.0 26.  C18:2n6 trans 41, C22:1n9
i 0.5 pl in CHCL, 12. c141 27. €190 42. €20:5n3
i Detector: FID, 250°C 13. C150 28.  C18:2n6 43, C22:2n6
14. C15:1n1 29. €191 44, C22:3n6
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AEID Response
P _ FAME Standard (Nu-Chek Prep, Inc
_ GLC-463) 180°C 1. C60 16.  C170 3. 183
. = 6 HP-88 2. (80 17. Clrl 32, C20:1(8)
N 100 m x 0.25 mm 1.D. x 0.2 mm 3. €90 18. C18:0 33. €20:1(11)
Partno: 112-88A7 4. C10:0 19. C18:1T (9) 34, C20:2 (11,14)
— 5. C11.0 20. C18:1T (11) 35, C22:0 + C20:3n6
_ . 6. C12:0 21. C18:1C 36 C20:3n3
9 . . .
R 37. C20:4
7 Oven: 180°C Isothermal 8 c131 23, C18:1(11) 38, 291
- Injector:  Split, 240°C 9. C140 24. C19:0 39. C22:2 + €205
- it ratio 100: : : : : . ;
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50 ] 13 0.5 pl in CHCL, 11. C150 26. (182 41.  C22:3n6
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Flax Seed Oil Dietary Supplement (FAMES)

Compound I.D.

HP-88 (approximate Weight per 1000mg capsule)
100 m x 0.25 mm I.D. x 0.2 nm
Partno:  112-88A7 1. C16:0(5%)
2. C18:0(3%)
Carrier:  H,@ 30 cmisec FID Response 3. C18:1n9 (17%)
Oven: 155°C Isothermal 4. C18:1n7 (9.5%)
Injector;  Split, 240°C 5. C18:2n6 (15%)
Split ratio 100:1 6. C18:3n3 (52%)
0.5 plin Cyclohexane
Detector:  FID, 250°C
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Fish Qil Dietary Supplement (FAMES)
HP-88
100 mx 0.25 mm I.D. x 0.2 nm )
Partno:  112-88A7 ; gigg
FID Response 192 3' C16:1
PA Carrier:  H,@ 30 cmisec 1 0180
_ Oven: 180°C Isothermal ' :
3 . . 5. C18:1
307 Injector:  Split, 240°C 6 181 cis
Split ratio 100:1 7' C18: 119 trans
28 . 7 0.5 plin Syclohexane 8: C18;1n7
1 Detector:  FID, 250°C 9. c18:2
2 ] 22 10. C20:0
1 11. C18:3n6
- 12. C20:1n9 trans
7 13. C18:3n3
1 14, C20:1n9
22 - 15, C21:0
i 4 16. C18:4n3
. 3 17. C20:2
207 18. €22:0
19. C20:3n3
20. C20:4n6
21. C22:1n9
22. C22:4
20 i 0 min
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Time (minutes)

Crude Safflower Oil (FAMES) HP-88 1 C14:0 1. c8:0
éOOtm X O-Ziln;n;gz-?X 0.2 g gig(l) Canola (rapeseed) Oil (FAMES) 15 gg 2. C14:0
artno. ’ 1 161t 100 m x 0.25 mm 1.D. x 0.2 nm 3. Cl4:1
arrier: H,@ 30 cm/sec 5. 16:1 5. C16:1-trans
Oven: 180°C Isothermal 6. C17:0 Carier: H.@ 30 cmisec 6. C16:1
) . . N . : )
Injector. gp:lt 2?0 1%0,1 ; gg(l) oven: 180°C Isothermal 7. C17:0
FID Response 11 PILIEN0 ' ' Injector;  Split, 240°C 8. Cl7:1
pA 9 0.5 plin Cyclohexane 9. C18:1n9 trans ' S I't, ti0 1001 9. C18:0
] 3\ 8 Detector: ~ FID, 250°C 10. C18:1n9 FID Response put ratio ZO0- 10 C18-1n9
30 11 C18:1n7 A 4 10 12 0.5 pl'in Cyclohexane - :
1 ' ', P Detector:  FID, 250°C 11. C18:1n7
_ 2. €220 22 12.  C182n6
28 | 13. C20:1n9 trans 13. €20:0
] 14. C1833n3 21 14. €20:1n9-trais
2 15 C20:4n9 15, C18:3n3
' 16 C20:2n6 6. C20:1n9
- 7. C200 29 17.  C20:2n6
24 5 18. C24:0 n1 15 18. C22:0
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HP-88
. . i 100 m x 0.25 mm I.D. x 0.2 nmn
Olive Qil (FAMEs) HP-88 Grape Seed Ol (FAMES) Partno:  112-88A7
100 m x 0.25 mm I.D. x 0.2 nmn
Partno:  112-88A7 Carrier: H,@ 30 cm/sec
Oven: 155°C Isothermal
FID Response 1 6 Carrier: H,@ 30 cm/sec FID Response Injector:  Split, 240°C
A - Oven; 155°C Isothermal pAl 3 10 12 Split ratio 100:1
i Injector:  Split, 240°C 0.5 plin Cyclohexane
o 1 Split ratio 100:1 35 Detector:  FID, 250°C
] 0.5 plin Cyclohexane 1. C14:.0
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