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Within the last decade the acceptance of chemical ionization as a routine tool in mass 

spectrometry has led to its wid~spread use for a variety of analyses.1' 2 An important 

consequence of the development of chemical ionization techniques has been the greatly 

improved ionization efficiency for the production of negative ions over traditional 

electron impact ionization methods. Although in its infancy, the technique of negative 

ion chemical ionization (NICI) mass spectrometry is gaining rapid popularity and has 

already proven to be an ionization and detection method of considerable potential use. 

Recent NICI studies oriented toward ion physics have explored the interaction between 

selective reagent gases and sample molecules, unimolecular reactions, and mechanistic 

studies of negative ion formation. 3,4 Applications of NICI to the study of a variety of 

organic and metallo-organic compounds have focused on high sensitivity mass spectro­

metric and gas chromatographic/mass spectrometric (GC/MS) analyses. 5- 7 Other investi­

gators have applied this technique to generate structural information which is novel or 

otherwise unattainable. S,S 
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General agreement exists that negative ions may be formed in a chemical ionization mass 

spectrometer source by the following mechanisms:5' 9' 10 

-
AB +e ~AB resonance capture 

AB 
- + +B -+e ~A + e ion pair productfon 

AB +e-~A + B· dissociative resonance capture 

ABH +X-~ AB - + HX proton abstraction 

AB + x-- AB - charge transfer +X 

AB +X - ABX attachment 

The extent to which each mechanism o.ccuPS--See.mS-.dependent upon the chemical 

ionization reagent gas, sample electron affinity, electron energies and operating pressures 

and temperatures in the ion source. The presence of chemical ionization gas in the ion 

source serves to increase the number of low energy thermal electrons which facilitates 

resonance capture ionization, and serves also as a traditional soft ionizing reagent which 

is important to the latter mechanisms shown above. The electron affinity inherent to the 

sample structure is probably the most important factor in NICI sensitivity. Compounds 

which exhibit a high degree of electronegativity and/ or electron pi-resonance (e.g., 

halogens, halobenzenes, quinones, benzils) usually form stable molecular anions and yield 

extremely high ion currents. Spectra of compounds with lower degrees of electron 

capture cross section may preferentially disassociate to form fragments which often have 

unique structural significance. 

The NICI spectra were studied for four biological compounds which represent 

variations in structure and function. They are: (I) synthetic disaccharide-like compound 

used as an intermediate in the synthesis of anthracycline antibiotics ; (II) oleandomycin, 

a macrolide antibiotic produced by Streptomyces antibioticus; (III) dipalmitoylphospha­

tidylcholine, a ubiquitous, complex lipid found in cellular membranes; and (IV) 

anthraquinone, a metabolite of plant and fungal systems. 
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EXPERIMENTAL 

Materials: Dipalmitoylphosphatidylcholine and anthraquinone were purchased from Fisher 

Scientific Company. Oleandomycin was obtained from Sigma Chemical Company. 

Compound I was provided by Dr. Hassan El Khaderm of Michigan Technological 

University. 

Instrumental: The samples were analyzed on a Finnigan Model 4021 automated GC/MS . 

system equipped with a pulsed positive ion- negative ion-chemical ionization (PPINI~I) 

accessory. Electron energy, emission current, and electron multiplier voltage were 12-70 

eV, 350 11amps, and 1.4 kV, respectively. The reagent gas for chemical ionization was 

chemically-pure methane and isobutane with the ion source operating at a pressure and 

temperature of 0.32 torr and 220°C respectively. It is noteworthy that the reagent gas 

negative ion spectrum exhibited an ion at m/z 17 which may be attributed to the 

formation of hydroxide ion (OH-) generated from traces of water in the ion plasma; no 

analog signal (at m/z 32) attributable to the superoxide anion o;was measurable. In these 



4 

studies methane and isobutane were used as reagent gases since they do not require 

special ion source designs (e.g., Townsend discharge) and do not require the special 

handling of such gases as nitrogen trifluoride. 

Sample Introduction: Samples weighing between 0.1 and 0.5 lJ g were loaded into the tip of 

a standard Finnigan direct insertion solid probe which was cooled to ca. -25°C with 

gaseous Freon. After passing the probe through the vacuum lock, the samples were 

heated to 350° Cat 50-100° C/minute. 

RESULTS AND DISCUSSION 

COMPOUND I 

Solid probe analysis of the synthetic disaccharide-like intermediate (Compound I) was 

performed to confirm the structure of the parent compound and determine the nature of 

the R- group substitution. The molecular weight of the suspected derivative was deter­

mined to be 582 (R = CH2C6H5). Electron impact (EI) and positive ion chemical 

ionization (PICI) spectra were recorded from a single sample run at various electron 

energies. No ions were observed at m/z 582 (corresponding to the molecular ion, M +) in 

the EI spectra or at m/ z 583 (corresponding to the (M + H)+ ion) in the PICI spectra 

throughout the seven minute run. 

The EI spectrum is shown in Figure 1. The fragmentation pattern suggested the structure 

of Compound I as illustrated; however, the absence of a molecular ion prevented 

definitive assignment. Likewise the molecular weight was not derived easily from the 

PICI spectrum (Figure 2) since the typical methane adduct ions (M+H)+,(M+C2H5)+, 

(M+C3H5)+, were not present. A signal at m/z 611 (M+C2H5t was observed in the PICI 

spectrum only when the electron energy was reduced to 20eV. However, methane NICI 

analysis of Compound I provided the needed molecular weight information and 

corroborated the EI fragmentation data. The NICI spectrum (Figure 3) shows that the M 

ion comprised the majority of the total ion current. In retrospect it is noteworthy that 
+ + + 

the PICI ions at m/ z 581, 597, and 611 corresponded to (M-H) ,(M+CH3) , and (M+C2H5) , 

respectively. In this regard the behavior of this compound was interesting and unique. 
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Figure 1. Electron impact spectrum of Compound I at 20 eV. Insert depicts fragment assignments. 
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Figure 2. Methane positive ion chemical ionization spectrum of Compound I, 20 eV. 
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Figure 3. Methane negative ion chemical ionization spectrum of Compound I, 70 eV. 
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Figure 4. Methane positive ion chemical ionization spectrum of oleandomycin. 
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OLEANDOMYCIN 

Positive ion chemical ionization spectra of oleandomycin using methane and isobutane as 

reagent gases are shown in Figures 4 and 5. Considerable fragmentation is seen in both 

PICI spectra and the lack of a diagnostic molecular ion at m/ z 687 is conspicuous. These 

same spectral characteristics were observed using electron impact ionization at electron 

energies ranging from 12-70 eV. The isobutane NICI spectrum is shown in Figure 6. 

Although comprising 8% of the total ion current, the m/ z 686 ion represents the important 

(M-Hf ion which likely results from a proton abstraction from an allylic hydroxyl group. 

As noted previously the value of obtaining molecular weight information is often 

paramount to spectral interpretation. The ions centered about m/ z 696 correspond to an 

impurity known to be in the sample. 

DIPALMITOYLPHOSPHA TIDYLCHOLINE 

The EI spectra of phospholipids generally yield large quantities of ions arising from the 

homolytic cleavage of the fatty ester side chains. More structural information is obtained 

from those EI ions produced in considerably lower abundances representing the acyl and 

phosphate side chain fragments. Usually molecular ions are not produced in the EI mode. 

The PICI spectra using reagent gases such as methane and isobutane do not provide 

additional structural information. However the NICI spectrum shown in Figure 7 supports 

the EI fragmentation assignments. Significant ions at m/ z 79, 255, 494, and 549 represent 

negative ion fragments formed by ester and carbonyl cleavage as depicted in Figure 8. 

The molecular ion cluster is represented by the ions at m/ z 732, 733, and 734. The 

spectrum clearly indicates a dipalmitoyl substitution of phosphatidylcholine. The identity 

and carbon position of mixed acyl substitutions may possibly be determined by a one-step 

direct analysis (e.g., 1-oleyl-2-stearoylphosphatidylcholine). Recent studies show that 

similar information may also be obtained from ammonia PICI spectra (Figure 9). 
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Figure 5. lsobutane positive ion chemical ionization spectrum of oleandomycin. 
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Figure 7. Methane negative ion chemical ionization of dipalmitoylphosphatidylcholine. 
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Figure 8. Negative ion fragmentation assignment of dipalmitoylphosphatidylcholine. Note that m/z 494 
and 255 are assigned arbitrarily to the C-1 and C-2 glyceryl backbone. 
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Figure 9. Ammonia positive ion chemical ionization of 1-stearoyl-2-palmitoylphosphatidylcholine (mw 
762). 
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ANTHRAQUINONE 

The negative ion spectrum of anthraquinone by solid insertion probe is s hown in Figure 10. 

The spectrum shows little fragmentation with the molecular anion at m/ z 208 comprising 

over 75% of the total ion current. A full scan GC/MS run from an on-column injection of 

20 picograms produced similar results. Formation of negative ions by resonance capture 

in appropriate biological compounds provides high sensitivity determinations, dir ect 

molecular weight information (M- ion), and simple spectra. For even greater sensitivity 

this ionization process may be coupled with selected ion monitoring (SIM) for which 

detection in the sub-picogram range is not uncommon; for example SIM-NICI analys is 

using the m/z 208 ion of anthraquinone with a 0.3 pg (1.4 femtomoles) injection on column 

yields a measurable and reproducible ion current. High sensi t ivity analyses such as these 

may prove to be very important in anabolic and catabolic metabolism s tudies since the 

cellular concentrations of intermediates are often extremely low. Biological compounds 

whose structures ar e in a more highly reduced state than anthraquinone yet contain 

reactive functional groups (e.g., hydroxyl, carboxyl, amino) may be derivatized with 

groups effective for electron capture. Frequently this technique allows high ~ensitivity 

detection while providing more favorable gas chromatographic characteristics. Proven 

chemical derivatization procedures used for electron capture GC analyses are usually 

amenable to NICI analyses. 

CONCLUSION 

This s tudy shows that negative ion chemical ionization is indeed a method of considerable 

value in the analysis of biological compounds. Although largely unexplored, its application 

to the study of biomolecules shows great potential. When used alone or in conjunction 

with other ionization techniques, information regarding molecular weight assignment or 

structure determination may be obtained. One other promising application is the use of 

high sensitivity NICI analysis in metabolic profiling and the monitoring of other biological 

compounds concomitant with standard profiling methods (11). 

\ 
' '· 
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