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Use of a Model Acid System to Interpret Results from GC/MS Analysis of Environmental Naphthenic Acids
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Figure 1. Above left: Intensity plot of model NA system (red) superposed upon environmental NAs (black). Note that the model NA M-57+* ion bands follow Con CI us I OnS
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larger, less saturated systems then our results validate the assumption that we are seeing discrete, co-eluting organic acids. » 8 : O/Si\ . Consistent with trends observed for environmental intensity plot (Figure 1.).
¢ 4 . CHCA 4 7
i M- i
25,01 128 25,01 CHCA -15* . . . . .. . .
i T[ ‘ I J 8|2 T 1]o 1 A . 7 . Intensity of fragmentation attributable to carbon skeleton structure is negligible relative to fragmentation due to the tert-
1 10 T B o} il 00t I ' '4'I0 !I'I' ISI(?].I” = :!oll . '7'0I' !I'I'IB'oll 'I !I' 9'09'2 o '15({)”' i 'ﬁolll}? ' ]1120' ' 'I'1I3o 00— ll '”500 IS - '7I50 S 10'0133' + :11912%?? ' l'41'15'0(j§§ e 17'50'18 ' J20'00' - '22'.2207' buty|d|methy|5|ly| eSter (Figures 2 and 5)
Introduction \ s S TR T e T e T
S0} 229 507 M S M-57 100.0 55 (0] 100.04 241¢——M-57*
. . . . . . . . . 7 °"\ E ] o . Isotopic distribution of stereotypical model NA fragments is consistent with dominant silyl ester fragmentation (Figure 6.).
Naphthenic acids (NAs) are aliphatic carboxylic acids containing at least one ring, conforming to the general formula C H,,.,0,, where ] 9 750] o 750] S><
. . q q q . 2 2 131 = ¥R ] 7 _Si ) ) ) . )
_n IS car_bon nl_meer and z is degrees of unsaturatlo_n, and found_ in petroihemlcal resources. These aCIdS- can CaU-SG corrosion in 250 . 5|5 6o 9[" - T 1 213 2507 a1 | . s00] g CHPTA . CHpTAO \ o Region of reduced fragment intensity between M-57* and m/z 131 fragments supports the assumption that formation of a
136 175 271 4 & 95 17 q q . .
mo!ustnal equipment a_nd some are known to be toxic in the environment!. Not all NAs are equally corrosive or toxic, however,_ and oot Lyl | .:.h. . 'I!!J'OT i i A ,.,.1710, s S Y TS T . AV (S PR SR SE EPAE ?;bo i . " i - homologous fragment series does not occur (Figures 2. and 5.).
being able to differentiate between NA structures using affordable, bench-top technologies could result in savings for both business - 2 ' ' ' ' ' ' ‘ ' ' ' ' ' ' ' ' ' ' ' ' ' ' ] ?f | T “ i M ] e v |
i Igure 2. Above: Mass spectrum at 1040.5 sec. from environmental NA oot byl Bl bl el wed ), w3s MO g6 gas o B WPV [PV PO 1 N O RO ORI A VR 1 2T ST T PR 23 . . . .
and environmental concerns. Sargnple. m/z 229 corresponzs to n=10 and z=0. m/z 243 Corresponds to n=11 2000 bt , OH "~ 280 50.0 750 100.0 1250 150.0 175.0 2-55'—36 50.0 750 100.0 1250 150.0 1750 2000 225.0 Izsb.oisﬁzq;'s.o Impllcatlons for environmental NA anaIyS|S
L . . . . . - . and z=0. m/z 271 corresponds to n=13 and z=0. e W 1000 8 o) 1000 255 ¢——M-57+
Derlvgtlzatlon pf NAs Wlth N-methyl-_N-(t(_art-butyld|methyI-S|IyI)trl_quoroac_etamlde (MTBSTFA) re_places the aqldlq proton with gtert_— o] . © ] - ] i \SX . Extrapolating from the model system, detected M-57* masses in homologous series within mass spectra of derivatized NAs
butyldlmethyIS|_IyI substituent. Der|V|t!zat|on r_educes fragmentation and increases sam_ple volatility?. For de_rlvatlzed carboxyll_c acids At Right: Mass spectra for derivatized (top) and underivatized (bottom) lauric 4 ] 179 | e PAP e ] o\ most likely represent co-eluting species.
the base peak is usually M-57*, consistent with the loss of C,Hy. Gas Chromatographic Mass Spectrometric (GC/MS) analysis of NAs acid. For lauric acid n=12 and z=0. Underivatized lauric acid clearly displays 2] [ w T, ‘ T M* s00] TANPCHCA 500 PZaNPZE ThNEE
i ini i fragmentation consistent with serial methyl loss. Upon derivatization this Al Il o o' ) e 20 . ] 5 1 ] . . . . o e . .
extracted from process water yields a chromatogram containing a profusion of unresolved peaks. A mass speftrum from one of these fragmemaﬁon ecomee much loss signifié,ant Whenppresem g ! e miln Al gL L PRSI 250] f [ L . I N — MY zsol 15 . Except in cases of perfect TIC peak overlap, it may be possible to extract qualitative information from low resolution GC/MS
- . E o 180 198 E . . . .
peaks often contains more than one possible derivatized NA species, as identified by the presence of an M-57" mass peak. In this I R | R T |Jﬁ| IR O P P A T s E . analysis of these complex samples by treating co-eluting species as such.
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Environmental Naphthenic Acids ' corresponds to n=15 and z=-4. Note that for m/z bands of larger masses . As the model system falls outside the n and z range for environmental NAs, conclusions from this data are extrapolative rather
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for 1 hr. at 60°C prior to GC/MS analysis. ; )
10 5 1o o Il 0 \ >( il . Expansion to include model NAs for which n = 12 and z <-2 would require custom synthesis as molecules conforming to these
GC/MS Analysis 250 - e \ >< 7503 I ST\ values are not commercially available.
— = S A = ‘ Semo— 50.0; O/S| 50.0; (Y\O \
. Shimadzu QP2010 GC/MS with an AOC-20i auto-injector, running GC/MS Solution version 2.50 SU1. = = g e | — | e | 2 » 1 T A N '\/'m 2MCHCA M-15 . While chemical stability decreases with molecular weight, increased unsaturation, as with greater incidence of rings, tends to
. GC Column: Shimadzu SHR5XLB with 30m length and a 0.25mm ID. 500 1000 1500 2000 |5 E 5|5 o 1y . E i | i increase chemical stability and decrease fragmentation®. An expanded model system would allow experimental determination
N 9 13 143 7 160 s 21 2 241 ] A LS lowgs po [, 115193 421 143 195 g 1 3 25 20 . . . . -
Q The COlumn temperature prOfI|e for enVironmental aC'd analyS|S was. |n|t|al COIUmn temperature Of 400C was held fOf one Retention Time (SeC) \E\ 0'025',.0 ll”sé.o I Shg75'.0 45]10'0.0 I 12'5.03 . 150.0 : 175.0 zo't:.o 2250 A 250.0 o0 2.0 : 50.0 : 75':0 lob.o . 1?2'5.0 * 15'0.0§ 17'5.03 200.0 225.0 A Of Whether larger m0|eCU|eS Wlth z Values Of greater magnItUde WI” behave n the same Way our Sma”er mOdeI aCIdS were
minute, increased at a rate of 12°C/minute to 150°C, increased at a rate of 6°C/min. to 260°C, then increased at a rate of 200 1000] o o 1o00] ) I observed to behave.
15°C/min. to a final temperature of 320°C and held for 4 min. = TR _ ; ; /S>< ] L \Si
. A similar temperature profile was used for model systems, but terminated at a final temperature of 239°C. 200 — 500k 0 P ———— S el E oA\ E 0"\
. Mass spectral scanning began seven minutes after injections. . e ' S o 003 3MCHCA M-157| 500 M-15*
. . 3 . - T : satinolx Lt ] ] 4AMCHCA
. A range of m/z 35-1000 at a rate of 2 scans/sec. was used for environmental NA samples. o . e . S , 250] [L 250] Refe rences
. A range of m/z 35-400 at a rate of 5 scans/sec. was used for model NA samples. CEty m .. 250 o T : e 1 e To b @ 0 e e i S L SR OV | WP AV UL PP Py . "
g Q Q Q = p 298 = ’ ' P ' - 400 B - . ooy . cT ; ; " 00 25‘.0 |1 II5(5.0|5 '9 !IE:IO 10‘0.0 - I 1‘2‘55 * 15‘0.05 17‘5.0 20]02.2 22‘5.0 4 250.0 00 25‘.0 |1 ”F)(;.Ols P !‘E‘:IO I:lO!J.IO I 1 1‘2‘55 15‘0.0 17‘5.0 200.0 22‘5.0 t 1 Clementel ‘]S! Fedorak! P M . Chemosphere 2005 60 585-600
. Electron impact ionization at 70 eV. : :
: — e B S % o/ b O\Si/ i 2 St. John, W.P., Rughani, J., Green, S.A., McGinnis, G.D. J. Chromatogr. A 1998 807, 241-251
Model NAs used were: Data Analysis 296 z 1200 1400 1600 1800 750 ’ m /S'7< / 7<
. . . . L i ] CHBA )
. cyclohexanecarboxylic acid (CHCA), Alfa Aesar . Mass spectra were generated using GC/MS Solution 3 300 e Rétention Time (sec) coo] OC — ° — 3  Holowenko, F.M.; MacKinnon, M.D.; Fedorak, P.M. Water Research 2002 36 2843-2855
. ~ . . . it v ] HAA P = P
1-methylcyclohexanecarboxylic acid (IMCHCA), Postrun Analy5|s. . . y 2| Below: Mass Spectrum at 1500 sec. (25 min.); environmental NAs. o] - .- | ) _ A _ _ o o
?Ifa Aﬁslar o boxylic acid (MCHCA), Aldrich . llcgor Pro vers(ljo(r; 6.03 was used to generate intensity plots 294 | 2| Detected m/z conforming to C,H,.,0,+57 (M-57) are: 201, 217, 229, U e % e w T e e L L i .T ] 1 P P O S | P P 4 4 MclLafferty, F.W.; Turecek, F. Interpretation of Mass Spectra, 4" ed.; University Science Books: Mill Valley, California p.48
® -met y CyC onexanecar Oxy IC aCl y rc rom eXpOI’te ata. - 200 243, 249, 279, 281, 293, 295, 305, 307, 309, 311, 323, 325, and 337. If we o0 280 sto 750 1000 1250 1500 1750 2000 2250 2500 " i0bo 1250 1500 1750 2000 2250 2500 2750
. 3-methylcyclohexanecarboxylic acid (3MCHCA), Aldrich . Molecular Fragment Calculator version 1.0 was used to can extrapolate from model acid behavior, this mass spectrum consists of i ; 5 Acknowledgements
. 4-methylcyclohexanecarboxylic acid (4MCHCA), Aldrich generate possible molecular formulas for mass spectral - fragments from sixteen co-eluting species; n=10 to 18 and z=-0 to -8. E Q \ ’ E \ >< :
. cyclohexylacetic acid (CHAA), Aldrich peaks. | o : e 7 o _Si e 7 o/s' Kevin Woodward
. cyclohexylpropionic acid (CHPPA), Alfa Aesar . Isotopic distribution for selected mass spectral peaks was S AR PR 100 s00] \ M-15+|  sool . M-15+
. cyclohexanebutanoic acid (CHBA), Acros calculated using Molecular Weight Calculator version 6.46 . _ e 7 ] (R o] N\ J4ECHCA Chad Mangum, Undergraduate Researcher, Utah State University- Uintah Basin
. cyclohexanepentanoic acid (CHPTA), Aldrich (build 234), then compared with experimentally derived 290 = T T T T T 50-*,/ ;" s W 70 EH 1 4. % Tu P e T j i P L L. . o | ] fo0F, Pl e PR e o hs s
. trans-4-ethylcyclohexanecarboxylic acid (TAECHCA), data. 1300 1400 _— Tir::?soec) 1600 1700 A % | - . TR T T T T o 3o ol wbo | ko | mbo | ko | abo | zbo | b0 Anonymous Donor, whose generous contribution made possible the acquisition of our GC/MS
Alfa Aesar 0.0 ﬂ\ \‘ h‘ |‘\ L‘\H‘\ “ 1L “H“M ‘H M\ \JM\ WTTH“‘\‘\\l‘Ta hﬂ? by \\\2‘?\7\ wll \? 1 “\ ] mﬁla 337

T T T T
25.0 50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0



	Slide Number 1

