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Abstract—General scheme of fragmentation of monofunctional organic compounds RX (R, alkyl and X,
functional group) has been elucidated basing on analysis of mass spectra under conditions of electron impact.
The mass spectra have been considered as superposition of a few peaks of characteristic ions containing group
X or its fragments and the peaks of hydrocarbon ions (hydrocarbon subspectra). The hydrocarbon subspectrum
analysis has allowed interpretation of the fragmentation processes forming the RX compounds mass spectra
and estimation of contribution of each process into the total ion current. The possibility of simulating the
spectra of non-studied compounds RX via the transformation of available mass spectra of RX compounds with

the same alkyl fragment is discussed .
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Fragmentation processes of organic compounds
under conditions of electron ionization mass
spectroscopy have been classified in the reference
literature according to the compounds classes or
according to the decay type. The first approach is
mainly presented in organic chemistry textbooks [1-8],
whereas the second one is based on common
classification of organic compounds decay [9—11] and
has been developed in [12—14].

At the same time, assignment of the prevailing
decay types to the classes of organic compounds has
been scarcely studied. Hence, the qualitative similarity
of fragmentation of compounds of different classes and
its quantification has remained open issues so far. The
related discussion will aid in better understanding the
relationship between mass spectroscopy fragmentation
of organic compounds and their properties, including
electronic structure, and open the possibilities for
prediction of the mass spectra.

This work addresses the above-mentioned issues
using the monofunctional RX compounds as example
[R being alkyl fragment and X being a heteroatom or
functional group: OH, SH, CI, F, Br, I, NO,, CN,
OCHj;, NH,, N(CHj3),, CH;C(0)0O, CH;P(O)FO, CH;P:
(O)(OCH;)0, etc]; as a first approximation, X may be
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considered an indivisible block (quasi atom) in the
fragmentation processes. As seen from the above-listed
series, monofunctional compounds include rather
complex molecules consisting of a single functional
group and an alkyl substituent.

In the previous works we have considered mass
spectra of RX compounds as a superposition of the
hydrocarbon and the characteristic subspectra [15—18].
The majority of mass spectral peaks of monofunctional
compounds correspond to the hydrocarbon ions
C.Haypiy (m =1, 0, or —1) [1-3, 15-18]. Generally,
organic compounds are ascribed to a class (homo-
logous series) basing on the peaks of characteristic
ions [3] containing the functional group X or its
fragments; these peaks form characteristic subspec-
trum. Less attention is directed to the hydrocarbon
subspectra; the structural features of alkyl chains are
often elucidated from mass numbers and intensities of
characteristic peaks rather than these of the
hydrocarbon subspectrum [2, 3].

This work mainly considers the features of
hydrocarbon subspectra of the monofunctional com-
pounds; the characteristic subspectra will be discussed
in the oncoming reports.
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Basing on the analysis of mass spectra recorded
under electron impact we suggested the general
scheme of fragmentation of monofunctional compounds
(see below), a set of decay pathways of the molecular
ion, the latter being a source of both hydrocarbon and
characteristic ions. A well studied class of the aliphatic
alcohols was used as a basic homologous series.

RX]" — [R —H]" + HX, (1.1
I
Decay of the alkene molecular ion [R —H]", (1.2)
(R')Y + [R*(CH=X)]", 2.1
RX]" ™ 1
[R']" + [RA(CH=X)T, (2.2)
I
[RX]" — [R’—H]" + R*X, 3)
v
[RX]™ — [R]" + X, 4.1)
A%
Decay of alkyl ion [R]’, (4.2)
Specific reactions. %)

The first decay reaction (1.1) consists in the elimina-
tion of a neutral HX molecule from the molecular ion.
It has been marked in the course of fragmentation of
some of the above-listed monofunctional compounds
[1-3, 6-7, 9] but not in all the cases. Our analysis of
mass spectra revealed that the reaction was general; for
the majority of the considered compounds it was a
main source of hydrocarbon ions. However, the nature
of the formed cation-radical [R — H]" (alkene or
cycloalkane) has remained undefined. It has been
stated in [1] that both structures are possible.
Thermodynamic features determining the rearrange-
ment process during fragmentation are fairly complex.
Molecular and fragment ions can be isomerized into
the more favorable form provided that the energy input
is sufficient [14]. The isomerized ion can yield the
products that are not the most favorable in view of the
structure of the parent ion; therefore, the conclusions
on the fragmentation mechanism have been cautious
[1, 3]. Furthermore, the analysis is complicated by the
similarity of mass spectra of certain cycloalkanes and
alkenes with equal number of carbon atoms [19]. Some
evidences in favor of alkenes formations have been

found. In particular, we have attempted identification
of the R' group in the molecules of O-alkylmethyl-
fluorophosphonates CH;P(O)F(OR'") via selection of
subspectrum of the [R' — H]™" cation-radical from mass
spectra of these compounds [15]. In the case of highly
branched R' fragments, the subspectrum has been
reliably identified as the corresponding alkene
spectrum using the NIST system [19]: the Match and
R.Match parameters were sufficiently high. In the
cases of less branched alkyl fragments, the assignment
has been less reliable. Likely, the more branched R'
fragments give the more characteristic spectrum of the
[R' — H] alkene. Prediction of mass spectra of the
CH;P(O)F(OR') compounds basing on mass spectra of
the alkenes [R' — H] has also evidenced the prevailing
formation of alkenes in the course of the general
reaction (1) [15].

It should be kept in mind that processes of decay of
molecular and fragment ions are nonequilibrium
monomolecular reactions [1]. The relative amount of
products of the competing reactions is strongly
dependent on their relative formation rates [1, 20] (if
their further decay can be neglected). According to the
available data, M ions of higher aliphatic alcohols
eliminate water primarily involving the hydrogen atom
in position 4 (~90%) [1, 3, 21, 22]. This reaction
should yield the four-membered cycle, evidencing in
favor of cycloalkanes formation. However, the four-
membered cycles are known to be formed very slowly
[23]. The presence of the branching at position 4 or at
the neighbor carbon atoms will further decelerate the
cycle formation due to the entropy factor. In view of
this, the stepwise mechanism of HX elimination from
molecular ions of RX compounds leading to the
alkenes formation [3] seems most probable.

The NIST information system favors the alkenes
formation, mainly these obeying the Zaitsev rule [24].

Reaction (2) can be viewed as the first and further
cleavage of carbon-carbon bonds in RX molecules.
The reaction can occur via two paths. The first one
(2.1) leads to onium ions (IT) [R*(CH=X)]" along with
alkyl radicals (R')". The total number of carbon atoms
in the ion [R*(CH=X)]" and the radical (R')" equals to
that in the R part of the starting molecule. Some of the
[RA(CH=X)]" ions are formed via rearrangement
reactions [1, 10, 14, 32], their mechanism being
outside of the scope of this work. Reaction (2.1) is a
main source of the characteristic ions in the cases of
the majority of RX compounds.
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However, the positive charge can be localized not
only on the fragment II {[R*(CH=X)]" (2.1)} but also
on the hydrocarbon fragment to form the
corresponding carbocations III (2.2). The process
direction is determined by the ability of the group X to
stabilize the onium ion due to its mesomeric and
inductive effects [1, 9, 25]. In the spectra of RX
compounds, the peaks at m/z 43 (C3H7), 57 (C4Hy),
and 71 (CsHj)) are the strongest carbocation ones,
likely due to the low ionization energy of the
corresponding radicals (7.55, 6.93, and 6.94 eV [1]).
To the best of our knowledge, the probability of the
(2.2) decay for RX compounds other than alcohols has
not been systematically studied.

Reaction (3) leads to alkene cation-radicals with
less of carbon atoms than in the starting molecule.
Possible mechanisms of such processes have been
discussed in the case of alcohols [1-4]. The reactions
are usually described as simultaneous elimination of
ethylene (or other alkene) and water [2, 3]. Such
mechanism seems unreasonably complex and some-
times contradicts the experimental data.

The general reaction path (3) consists in elimination
of the R*X molecule with R* being the alkyl fragment
smaller than R part in the starting molecule. The (3)
pathway is an important source of hydrocarbon ions in
the cases of branched fragment R.

The last source of hydrocarbon ions is the
molecular ion decay into the alkyl cation R* via
elimination of X' radical (4) [13, 26]. Thermochemical
calculations [13, 26] have shown that halogen
elimination in the radical form is the most probable in
the cases of iodo and bromo derivatives. However, this
process occurs to some extent in the course of
fragmentation of most of the considered RX
compounds.

The processes (1)—(4), except for the (2.1) reaction,
result in hydrocarbon ions forming the hydrocarbon
subspectrum of the monofunctional compounds. Note
that the X fragment behaves as a quasi atom in these
processes.

The specific reactions are listed under item (5) in
the general scheme. They are the processes typical of
the given class of compounds and leading to the
formation of characteristic ions containing the X group
or its fragment. Such processes include the McLafferty
rearrangement [1, 2, 4], formation of protonated ion of
the corresponding acid in the case of esters,

phosphates, and phosphonates decay [4, 27-29],
formation of [RCO]" and [PO]" (m/z 47) ions during
the decay of the same compounds [4, 27-29],
elimination of [NO]" (m/z 30) from nitroalkanes [3, 7],
elimination of ethylene from nitriles [3, 7], and a few
other decay reactions. As a whole, the peaks of ions
formed via reactions (2.1) and (5) form the charac-
teristic subspectrum of monofunctional compounds.

Evidently, the similarity of hydrocarbon subspectra
of compounds RX required separation of those
subspectra. To do so, the peaks with mass number
exceeding that of the fragment R were removed, and
then peaks of characteristic ions {[R*(CH=X)]" and
those formed via specific decay reactions (5)} were
removed. As a result, we obtained the hydrocarbon
subspectra of the full mass spectra. The subspectra
were collected in the Carb base library included into
the list of NIST system databases.

The Carb base library was built using mass spectra
of the mainlib library of NIST system. Further, the
NIST database was used to decompose the subspectra
into the components corresponding to various reactions
of the general scheme.

Coincidence of the spectra was evaluated applying
an identity algorithm. Recent studies have revealed that
using this algorithm in the NIST system gave the most
reliable results of identification of compounds from
their mass spectra [30, 31]. The values of Match and
R.Match parameters above 670 (of 1000) were
considered a satisfactory match, and their values above
750 pointed to a good coincidence.

Let us consider some examples.

Figure la shows mass spectrum of 2,3-dimethyl-
pentanol-1. The spectrum contains the I ion peak at m/z
98 and the II ion peaks at m/z 31, 45, and 59. Deleting
the characteristic peaks Il of oxonium ions and the
peaks with mass numbers exceeding 99 gave the
hydrocarbon subspectrum. In Fig. 1b it is compared
with the spectrum of the first alkene with the corres-
ponding hydrocarbon backbone via library search
using NIST system. The spectra coincidence was hardly
satisfactory (Match 669 and R.Match 671). The spec-
trum contained the carbocation III peaks at m/z 57 and
85 expected in view of the alcohol structure; those
peaks were absent in the alkene spectrum. The peak at
m/z 43 was likely of the same sort; its intensity in the
alkene spectrum was 6 times lower than in the alcohol
spectrum. Moreover, the hydrocarbon subspectrum
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Fig. 1. Mass spectrum of 2,3-dimethylpentanol-1 (a) and comparison of its subspectrum (after removal of peaks II) with spectrum
of 2,3-dimethylpentene-2 (b), and of its subspectrum (after removal of peaks III and IV) with spectrum of 2,3-dimethylpentene-1 (c).

contained ions IV peaks at m/z 42, 56, 70, and 84; they were
observed only as isotope satellites in the alkene spectrum.

The mentioned peaks were removed, and the library
search was repeated; the results are given in Fig. lc.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85

The obtained score of coincidence between the edited
alcohol spectrum and the alkene spectrum were very
high (Match 809 and R.Match 827). Remarkably, the
Zaitsev-type alkene was selected as the best match
[24].
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Fig. 2. Comparison of subspectrum of 2-methylbutanol-1 with that of 2-methylbutene-2 (a) and the same comparison after removal
of peaks III and IV from 2-methylbutanol-1 subspectrum (b).

As another example, comparison of hydrocarbon  spectrum. Furthermore, the hydrocarbon subspectrum
subspectrum of 2-methylbutanol (above the central  showed a strong alkene IV peak at m/z 56. The
line) with the spectrum of the best matching alkene 2-  presence of that peak could be likely explained by the
methylbutene-2 is shown in Fig. 2a. formation of molecular ion of butene via reaction (3)

The spectra coincidence was hardly satisfactory accompanied by methanol elimination.

(Match 670 and R.Match 672). Again, the expected
strong carbocation I peak at m/z 57 was observed in
the alcohol spectrum, being absent in the alkene

[CH;CH,CH(CH3)CH,(OH)]™ — [C4H;]™ + CH;0H. (3.1)
v

Table 1. Processes determining mass spectrum of 2-methylbutanol®

Decay process Contribution to t};e total ion
current, %
Elimination of water, formation of alkene ion [CsH,o]™ (1.1), and its partial decay (1.2) 59
Formation of CH,OH" (m/z 31), C,H,OH", (m/z 45), and CsHcOH" (m/z 59) (2.1) 8
Formation of C4,Hs (m/z 57) (2.2) 18
Formation of [C,Hg]™ (m/z 56) (3) 15

* According to [15] (NIST#: 233556).
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Fig. 3. Comparison of hydrocarbon subspectra of 2-methylbutanol with those of 2-methyl-1-chlorobutane (a) and 2-methyl-1-

bromobutane (b).

After removal of peaks III and IV from hydro-
carbon subspectrum, the library search was repeated;
the result is given in Fig. 2b.

The spectra coincidence was good (Match 791 and
R.Match 795). Hence, the alcohol spectrum was a
superposition of the corresponding alkene spectrum, a
few peaks of ions III and IV, and the characteristic ion
II peaks.

Basing on the demonstrated results we concluded
that the proposed analysis scheme using the NIST
system simplified interpretation of spectra of many
monofunctional compounds (both qualitative and
quantitative). That revealed the processes forming the
spectrum according to the general scheme and
estimated their contribution into the total ion current.
The results of the analysis in the case of 2-methyl-
butanol are collected in Table 1.

The analysis uncertainty primarily resulted from the
discrepancy of the spectra of the same compounds

extracted from various references leading to the
noticeable inaccuracy of the peak intensity determina-
tion. Therefore, the fragmentation schemes of the
particular compounds derived during our analysis were
inevitably simplified. In particular, the processes of
decay of cation-radicals IV could not be reliably
elucidated.

On top of that, analysis of mass spectra of alkene
differed in the double bond location revealed that
being rather similar they sometimes show different
intensity of peaks corresponding to ions III (43, 57,
71, and 85 Da) [9]. Consequently, with more than
5 carbon atoms in the R group of RX two or even three
possible variations existed of the general decay
scheme; however, the differences between them were
minor.

The following example demonstrates applicability
of the proposed scheme for compounds other than
alcohols. Figure 3 compared complete hydrocarbon
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Table 2. Reasons for similarity and difference of hydrocarbon subspectra of compounds (n-CsH;;)X and pentanol-1

Coincidence with hydrocarbon subspectrum of pentanol-1 .
(Match) Coincidence with mass |~ Intensity of the peak (m/z)
X spectrum of pentene-1
for spectra from our Carb |averaged over all the references (Match) 1(70) v (71)
base library (number of references)

OH 999 934 (6) 808 509 39
Cl 857 846 (5) 862 809 47
SH 830 826 (5) 808 429 41
NO, 652 636 (2) 633 64 198
CN 673 649 (4) <588 37 13
Br 625 600 (5) 691 50 839
I 485 510 (4) 583 5 731

subspectra of 2-methylbutanol and 2-methyl-1-chloro-
butane as well as 2-methylbutanol and 2-methyl-1-
bromobutane from the Carb base library.

The hydrocarbon subspectra of the compounds
belonging to different classes (alcohols and chloro-
alkanes) were remarkably close, Match and R.Match
being 837 and 840, respectively. Evidently, the
fragmentation of those compounds involved similar
reactions with close relative rates.

For instance, the formation of alkene cation-radical
IV with m/z 56 in the course of 2-methyl-1-chloro-
butane fragmentation occurred via reaction (3.2), similar
to reaction (3.1) with elimination of chloromethane.

CH;CH,CH(CH;)CH,CI]™ — [CsHg]™ + CH;CL. (3.2)

After removal of peaks III and IV, the hydrocarbon
subspectrum of 2-methyl-1-chlorobutane perfectly
matched mass spectrum of 2-methylbutene-1 (Match
and R.Match of 770).

The situation was different in the case of
structurally similar 2-methyl-1-bromobutane. Its hydro-
carbon subspectrum was different from that of 2-
methylbutanol (Match 633 and R.Match 678). In
contrast to the spectra of the alcohol and the chloro-
alkane, the considered spectrum contained a strong
peak of carbocation V with m/z 71 (Fig. 3b) formed via
elimination of X' from the molecular ion. Moreover,
the alkene molecular ion peak (m/z 70) was absent in
the spectrum of the bromoalkane; the formation of the
alkene ion IV with m/z 56 was not observed for the
brominated derivative as well.

Note that the intensity of the peaks of carbocations
with m/z 57 and 43 in the spectra of the alcohol and the

bromoalkane were reversed. The mean ratio of
intensities of the m/z 43 and 57 peaks was 2.08
(standard deviation 0.80, 9 references) for 2-methyl-1-
bromobutane and of 0.16 (standard deviation 0.03,
7 references) for 2-methylbutanol. The stronger peak at
m/z 57 as compared to the peak at m/z 43 was expected
taking into account the carbon scaffold structure
containing a branching at position 2. The reason for the
reversed intensities ratio in the case of the
bromoalkane was likely a different source of those
ions. In the case of 2-bromobutane the ion with m/z 43
was formed via decay of carbocation V [reaction (4.2)
of the general scheme] rather than via reaction (2.2);
more specifically, the process involved elimination of
the olefin from the alkyl ion, typical of many organic
compounds decay [3].

[CH;CH,CH(CH3),]" — [C5H;]" + C,H,.
m/z 43

The ion with m/z 57 could not be directly formed in
that reaction, and its peak was weaker.

4.2)

The presented results confirmed applicability of the
proposed general scheme for interpretation of mass
spectral fragmentation of monofunctional compounds.
In particular, the similarity of hydrocarbon subspectra
of the monofunctional compounds was determined by
the contribution of the fragmentation reactions [except
for the processes (2.1) and (5)] into the total ion current.

If the processes of decay of the structural analogs
belonging to different classes of compounds were the
same and their contributions into the ion current were
similar, the resulting hydrocarbon subspectra were similar
as well. If at least one of the conditions was not held,
the hydrocarbon subspectra were substantially different.
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Fig. 4. Comparison of truncated hydrocarbon subspectra of n-CsH;; X compounds: 1-chloropentane (a), 1-nitropentane (b), and 1-

iodopentane (c) with pentene-1 spectrum.

In order to find the reason for the differences, we
analyzed hydrocarbon subspectra of primary derivatives
of n-pentyl CsH;;X and calculated parameters of their
coincidence with hydrocarbon subspectra of pentanol-1
from the Carb base library (the raw data: NIST
230531). The results are given in Table 2.

Statistical processing demonstrated that using the
spectra from our Carb base library (Table 2, column 2)

gave practically identical results as when using the
data averaged over the available data from mainlib and
replib libraries of NIST system (Table 2, column 3).

The data in Table 2 shows that good agreement of
carbon subspectra with that of pentanol-1 were
observed in the cases of the thiol and chloro
derivatives; the largest difference was found in the
case of the iodo derivative.
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Fig. 5. Comparison of transformed mass spectrum of 2,2-dimethylpropanol with experimental spectrum of 2,2-dimethyl-1-

chloropropane.

The data in Table 2 and Fig. 4 give the main
reasons for similarity and diversity of the RX com-
pounds hydrocarbon subspectra. In particular, Fig. 4
compares the truncated (with the peak V removed)
hydrocarbon subspectra of the CsH;;X compounds
from our library with the spectrum of pentene-1.

The spectral similarity was very high in the cases of
pentanol-1,1-chloropentane, and 1-thiopentane; their
hydrocarbon subspectra being weakly perturbed
spectrum of pentene-1 (Fig. 4a; Table 2, column 4),
containing strong peaks of the molecular pentene
cation at m/z 70.

Table 3. Test for normal distribution of the Match parameter of hydrocarbon subspectra of RX compounds with hydrocarbon

subspectra from Carb base library

X Number of P
compounds Shapiro—Wilk test D’Agostino’s test Anscomb-Glynn test

OH 21 0.097 0.756 0.080
Cl 18 0.219 0.502 0.763
SH 15 0.184 0.536 0.347
F 5 — — —

Br 18 0.636 0.640 0.304
NO, 8 0.310 0.771 0.191
CN 8 — - —

| 10 0.303 0.252 0.078

*The distribution was considered normal at p > 0.05.

Table 4. Parameters of normal distribution of the Match values of hydrocarbon subspectra of RX compounds with subspectra

of alcohols from Carb base library

Standard deviation

Confidence interval®

X Average Match value
OH 934 32 +15
Cl 789 49 +24
SH 786 64 +36
F 824 33 +41
Br 695 77 +38
NO, 653 49 +41
CN 685 42 +35
I 562 86 +61

“Reliability 0.95.
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The second group of compounds included 1-bromo-
pentane, 1-nitropentane, and hexanenitrile; their hydro-
carbon subspectra (Fig. 4b) showing several times
weaker peak of the molecular pentene ion and a strong
peak at m/z 43. The similarity parameters were at the
edge of satisfactory ones.

Finally, the 1-iodopentane showed no pentene
molecular ion peak in the subspectrum (Fig. 4c), and
the spectral similarity parameters were very low.

The obtained results indicated two main decay
pathways in the cases of the considered mono-
substituted pentanes: the reaction of formation and
further decay of the pentene ion I (1.1) and the
formation and further decay of the carbocation V via
reaction (4). The first path was the main one for the
first group of the compounds, the second path was
governing for 1-iodopentane, and the compounds of
the intermediate group underwent both reactions with
comparable rates.

We further determined the coincidence parameters
(Match) of hydrocarbon subspectra of the RX
compounds (X = OH, CI, SH, F, Br, NO,, CN, and I)
from the mainlib and replib NIST libraries [15] with
the hydrocarbon subspectra of the corresponding
alcohols from our Carb base library. The Match
parameter was averaged over all the available
references for each of the compounds.

Processing of the data in Table 2 assumed normal
distribution of the Match parameter. In order to test the
hypothesis, we used several statistical tests (Table 3),
the threshold significance value being p 0.05.

The distribution of Match parameter for the six
examined series was normal. Normal distribution of
that parameter for the non-studied compounds (fluoro-
alkanes and alkylnitriles) was a reasonable assumption.
Therefore, the Student’s t-statistics could be used to
obtain the standard deviation and the confidence
interval of the Match values.

Table 4 lists the mean values of Match parameters
for hydrocarbon subspectra from our Carb base library
and the corresponding standard deviations. Inte-
restingly, they were close to the corresponding param-
eters obtained via averaging over all the sources listed
in mainlib and replib libraries, thus giving the re-
presentative results in shorter time.

As seen from Table 4, the confidence intervals of
Match values for chloroalkanes, thiols, and fluoro-

alkanes were above 750, and the coincidence between
hydrocarbon subspectra of those compounds with the
subspectra of the corresponding alcohols was good;
those classes formed the first group of the examined
compounds. In the cases of bromoalkanes, nitrocom-
pounds, and nitriles the confidence interval of the
Match values corresponded to satisfactory or some-
what below satisfactory spectral similarity; those
classes formed the second group of compounds.
Finally, the third group of the examined compounds
contained iodoalkanes with the Match values below
satisfactory.

The obtained results marked a way to predict mass
spectra of chloroalkanes, thiols, and fluoroalkanes
based on the spectra of alcohols or other compounds of
the first group. The general approach consists of the
addition of characteristic peaks of the RX compound
with the corresponding intensities to the hydrocarbon
subspectrum of the alcohol. To do so, the knowledge
of relationship between the characteristic subspectra of
those classes of compounds is required. This falls out
of the scope of this report; let us limit the discussion
with a single example of simulation of 2,2-dimethyl-1-
cloropropane mass spectrum basing on the spectrum of
the corresponding alcohol.

To simulate the chloroalkane mass spectrum, we
removed the specific peaks II (C,H,,OH") from the
alcohol spectrum; that were the peaks with m/z 31, 45,
and 73. Instead, the peaks II of chloroalkane
(C,H,,CI") were introduced with the same intensity,
their masses being increased by 18 as compared to the
alcohol peaks: m/z 49 (103), 63 (69), 91 (221). On top
of that, the peaks corresponding to the CI*’ isotope
with the intensity of 35% of the above-listed values
were introduced into the simulated spectrum. The so
corrected spectrum of 2,2-dimethylpropanol is given in
Fig. 5.

The simulated spectrum was further input into the
NIST base for identification. The expected structure of
2,2-dimethyl-1-chloropropane was recognized as the
most probable. As seen from Fig. 5, the simulated and
the experimental spectra of the chloroalkane were
similar (Match 831, R.Match 837).

To conclude, besides fundamental interest of
reasons for similarity of the mass spectra of mono-
functional compounds, its investigation opens the
possibility to simulate mass spectra of the non-
characterized compounds RY via transformation of the
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spectra of the RX compounds with R being the identical
alkyl fragment, and X(Y) being a functional group.

10.

11.

12.

13.

14.

15.

REFERENCES

Lebedev, A.T., Mass-spektrometriya v organicheskoi
khimii (Mass Spectrometry in Organic Chemistry),
Moscow: BINOM, 2003.

Silverstein, R.M., Webster, F.X., and Kiemle, D.,
Spectrometric Identification of Organic Compounds,
New York: Wiley, 2005.

Vul’fson, N.S., Zaikin, V.G., and Mikaya, A.L., Mass-
spektrometriya organicheskikh soedinenii (Mass Spec-

trometry of Organic Compounds), Moscow: Khimiya,
1986.

Chapman, J.R., Practical Organic Mass Spectrometry,
New York: Wiley Interscience, 1985.

Polyakova, A.A., Molekulyarnyi mass-spektral’nyi
analiz organicheskikh soedinenii (Molecular Mass
Spectral Analysis of Organic Compounds), Moscow:
Khimiya, 1983.

Zaikin, V.G. and Mikaya, A.A., Khimicheskie metody v
mass-spektrometrii - organicheskikh soedinenii (Che-
mical Methods of Mass Spectrometry in Organic
Compounds), Moscow: Nauka, 1987.

Zaikin, V.G., Varlamov, A.A., Mikaya, A.A., and
Prostakov, N.S., Osnovy mass-spektrometrii orga-
nicheskikh soedinenii (Bases Mass Spectrometry of
Organic Compounds), Moscow: MAIK, 2001.

Zenkevich, 1.G. and loffe, B.V., Interpretatsiva mass-
spektrov organicheskikh soedinenii (The Interpretation
of the Mass Spectra of Organic Compounds), Lenin-
grad: Khimiya, 1986.

Johnstone, R., Mass Spectrometry for Organic
Chemists, London: Cambridge University Press, 1972.
Bieman, K., Mass Spectrometry. Organic Chemical
Applications, New York: McGraw Hill, 1962.

Benz, W., Massenspectrometrie Organishen Verbindun-
gen, Leipzig: Akademische Verlagsgesellschaft, 1969.
Takhistov, V.V., Prakticheskaya mass-spektrometriya
organicheskikh soedinenii (Practical Mass Spectrometry
of Organic Compounds), Leningrad: Leningrad. Gos.
Univ., 1977.

Takhistov, V.V., Organicheskaya mass-spektrometriya
(Organic Mass Spectrometry), Leningrad: Nauka, 1990.
Takhistov, V.V. and Ponomarev, D.A., Organicheskaya
mass-spektrometriya (Organic Mass Spectrometry), St.
Petersburg: VVM, 2005.

Lebedev, A.T., Morozik, Yu.l., Myasoedov, B.F,,
Rybal’chenko, 1.V., and Fomenko, P.V., Mass-Spek-
trometriya, 2007, vol. 4, no. 4, p. 255.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Morozik, Yu.l. and Smirnov, A.O., Mass-Spektro-
metriya, 2008, vol. 5, no. 3, p. 211.

Morozik, Yu.l., Smirnov, O.A., and Galyaev, G.V.,
Russ. J. Gen. Chem., 2011, vol. 81, no. 10, p. 2088.
DOI: 10.1134/s1070363211100082.

Morozik, Yu.l., Galyaev, G.V., and Smirnov, O.A.,
J. Anal. Chem., 2011, vol. 66, no. 13, p 53. DOIL:
10.1134/s1061934811130089.

NIST Mass Spectral Search Program for the NIST/EPA/
NIH Mass Spectral Library, Version 2.0, 2005.

Nekrasov, Yu.S., Sukharev, Yu.N., Tepfer, E.E., and
Molgachev, N.S., Izv. Akad. Nauk, Ser. Khim., 1996,
no. 11, p. 2683.

Green, M.M., Tetrahedron, 1980, vol. 36, p. 2687. DOI:
10.1016/0040-4020(80)80144-x.

Budzikevich, G.B., Jerassi, K., and Williams, D., Inter-
pretatsiya mass-spektrov  organicheskikh soedinenii
(The Interpretation of the Mass Spectra of Organic
Compounds), Moscow: Mir, 1966.

Pritzkow, W., Theoretische Gesichtspunkte in der
organishen Chemie, Dresden; Leipzig: Verlag von
Theodor Steinkopf, 1963.

Carey, F.A. and Sundberg, R.J., Advanced Organic
Chemistry, Moscow: Khimiya, 1981.

Palm, V.A., The Fundamentals of Quantitative Theory
of Organic Reactions, Leningrad: Khimia, 1981.
Takhistov, V.V., Rodin, A.A., and Maksimova, B.N.,
Russ. Chem. Rev., 1991, vol. 60, no. 10, p. 1101.
Lebedev, A.T., Lebedev, K.S., Myasoedov, B.F.,
Rybal’chenko, 1.V., Sigeikin, G.I., and Suvorkin, V.N.,
Mass-Spektrometriya, 2006, vol. 3, no. 4, p. 277.

Kireev, A.F., Rybal’chenko, I.V., Savchuk, V.I,
Suvorkin, V.N., Tipukhov, V.N., and Khamidi, B.A.,
Zh. Analit. Khim., 2000, vol. 57, p. 842.

Kireev, A.F., Rybal’chenko, IV., Savchuk, V.I,

Suvorkin, V.N., and Kholstov, V.I., Zh. Analit. Khim.,
2000, vol. 55, p. 933.

Samokhin, A.S., Cand. Sci.
Moscow, 2013.

Samokhin, A.S., Sotnezova, K.M., and Revel’skii, [.A.,
Abstracts of Papers, V Vseross. konf. s mezhdunar.
uchastiem  “Mass-spektrometrija i ee prikladnye
problemy” (V All-Russia. Conf. with Int. Participation
“Mass Spectrometry and Its Application Problems”),
Moscow, 2013, p. 28.

Bentley, T.W., and Johnstone, R.A.W., Advances in
Physical Organic Chemistry. Mechanism and Structure
in Mass Spectrometry, New York: Academic Press, 1970.

(Chem.) Dissertation,

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 85 No. 3 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


