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¢#1:3 Aliphatic Nitriles
Some important fegtures of the mass spectra of aliphatic nitriles are:
(1) The molecular ion peak of aliphatic nitriles is weak or may be absent.

H
e /M
CHR N ‘N:
lb . — g — Cl
\\CH2 N,
m/e 41

(ii) A weak but diagonistically useful (M—1) peak is formed by the loss a o-hydrogen atom

to form a stable ion.

(iii) The base peak of straight chain nitriles between C, and C, is m/e 41. This peak is due
to the ion resulting from hydrogen rearrangement in a six membered transition state.

(iv) A peak at m/e 97 is characteristic and intense in straight chain nitriles Cg and higher. The

following mechanism has been suggested.

H\ ~R
CCHZ + H
2
nP H,C HN

\CH2 . T/ ?HZ
H —(RCH=CH,) H.C CH
N W

H, H,

m/e 97

Important Features in Mass Spectroscopy
Mass spectrophotometer gives a record of the relative abundance of ions according to

the m/e ratio.

Molecular ion peak is not generally visible in case of alcohols.

A peak corresponding to the ion of maximum abundance is called the base peak

The molecular ion or the parent ion peak may or may not be the base peak. Usually, it
is not. The molecular ion has usually the highest m/e value in the spectrum and its m/e
value is equal to the molecular mass of the compound. M + 1 and M + 2 peaks also
appear in very low abundance and are called isotope peaks.

The molecular ion is usually not much stable and tends to fragment. The fragmentation
ular ion produce daughter ions of definite m/e value which help in structure

2.
4.

of molec
determination.
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ATgE ratio (m/z) is a dimensionless ratio of the mass number of the 'g;;eir;
‘ the number () of the charge carried by the particle. Usually the part‘llc are
singly charged ang the ratio is often expressed as m/e. Doubly charged Pam:l.e .
nsignificant in the mass spectra of organic compounds. But the peak corresponding

stable doubly charged ions may be sometimes useful.

T ‘ ' its i ' i ase peak
'he relative abundance (RA) of the given ion tells its intensity relative to the base p
which is the most intense peak in the spectrum.

. . ) in two ways i.e.,
Fragmentation of the molecular ion oceur by the cleavage of bonds in t y
heterolytic or homolytic.

of a pair of
Heterolytic cleavage is designated by the arrow () to denote the transfer P
electrons in the direction of the charged site as shown below:

. ® ;
R—CH,Cl: —> RCH, + :Cl:

f the
Hemolytic cleavage is designeted by the fishhook arrow () to denote the transfer o
single electron as shown below.

+
R—/CQ—(EH—CHZ —> R’ + CH,;==CH==CH,

a l,]I . ’ (i)

.

i . Py I m e F

A" ———— B" + N (Most likely)
(Even electron species). i)
+_ 3 B" + N(Less probable |
Ad'cal ions (odd electron species) fragment by the loss of radicals or even
But the radi
electron molecules. Thus, ‘g
= B +
A+ - C" + N (Where N stands for any neutral molecule)
" ’——‘_—:nt involves B-cleavage of a bond with y—hydrogen rearrangeme;;\t
Mchen ™ rearmgigcealinand a neutral molecule. This rearrangement is meant for compounds,
e |
to fOr‘,’ni":1 ;a;l%r;grogen with respect to a multiple bond.
contain =
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In case, ester, acid etc are orthosubstituted, then a loss of alcohq\l Or Water takes Place
through a six membered transition state. It is an ortho effect. Consider the to”()\wng

fragmentation mode.
O
[ _O

7

C CH; C
\._}\O/ —(CH;OH) <:\i
—_——
0LH o

m/e 152 m/e 120

ge of carbon- carbon bond, beta to double bond. Thjg
ause of the resonance stabilisation of allyl cation, This
¢ explained as the basic of homolytic fission induceq

Allylic cleavage involves a cleava
type of cleavage is more likely bec
type of fragmentation mode can b
by a radical site.
g
+ C NG + N+ ~

R—C—C-C— —3 R, =¥ N o C—C=cC

J

I\ | ] |

Resonance stabilisation

Benzylic cleavage involves the cleavage of carbon-carbon bond beta to aromatic ring, It
Is an energetically favourable fragmentation mode and is shown below:

R —R, @—ésté or C,H,

m/e 91 Tropylium ion

An important factor which governs the mass spectral pathway is the stability of ions,
radicals or neutral molecules formed as a result of fragmentation of molecular ion. The
most prominent peaks in the mass spectrum should correspond to the most stable fragment
ions. The relative abundance of an ion depends upon its (9) stability (i) rate of formation
and (iii) rate of further decomposition.

McLafferty rearrangement peak in case of unsubstituted aldehydes appears at m/e 44, that
for ketone at m/e 58, for acids at m/e 60 and for methylesters at m/e 74, ki

In case of primary alcohols, a prominent peak with high relative abundance is also due
to (M-H,0) ion.
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gEiR Simple Problems on Mass
1 Predict the st s wﬁ@nﬁﬂamncﬁ<
o structure of the cor v e values
86, 71, 58, 43 ( :.2\3? compound whose peaks in the mass spectru™ have m/
_.,,;. the molecular

k for ketones

— —_P. .'C‘_r. g
mass of the compound __/. 8¢ _,:A m/e 86 appears to be the molecular 10n peak. T'hus,
s 86. The peak at m/e 58 is the McLafterty rearrangement Ped

which contain a y-H ‘
a y-Hydrogen at . e
o o At : om. Thus pha | e
frapmentation mode, are shown below: e pramable S o r
ﬂ
|~ ]
) .

CH,—C--CH,—CH,—CH, —> CH;—C= & + CH,CH,CH,
m/e 43 (Intense)

al .

.l ; A
CH,--C—CH,—CH,—CH; —> nzu\nmw\nmw\o =0 +CHj

m/e 71
(less abundant)

H
‘OH

\
o:b 0 _

.
NN C N M. R. ion peak
nmm\ CH, m/e 58

2. A hydrocarbon with molecular mass C;H,, (M" at m/e 96) shows large peaks at m/e 54
and due to M—15. What structure can be assigned to the compound ?

SOLUTION. Compared to saturated hydrocarbon (CH,q), the given compound (C;H,5) is
deficient of four hydrogen atoms. A large (M—15) peak points to the presence of branched methyl
group. As the compound is hydrocarbon, the peak at m/e 54 is due to C,Hg which is nothing but
butadiene. The parent hydrocarbon appears to be cyclic alkene with a branched methyl group. The
most likely structure of the compound is 4-methyl cyclohexene. The fragmentation mode is shown

(Y —C-u
CH, CH,

M* m/e 96 m/e 54
The elimination of butadiene is the result of retro-Diels Alder reaction.

below:

3. What is the most characteristic feature of the mass spectra of compounds containing one
bromine atom.
SOLUTION. A compound which contains one bromine atom exhibits a pair of peaks of
“almost equal intensity and the peaks are 2 mass units apart. It is due to equal abundance of "’Br
and ?'Br isotopes.
4. Predict the structure of the organic compound which exhibit m/e peaks at 15,43, 57,91
105 and 148 in its mass spectrum. i ity
SOLUTION. The peak at m/e 148 appears to be the molecular ion peak
; . Th 5
The peak at m/e 15 i due to methyl group and that at m/e 43 m
ay be due to CH,CO-group.
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A prominent peak at m/e 91 is clearly due to benzyl group (C,H,CH,) which rearranges to
most stable tropylium cation. Adding C H, to benzyl unit, a ﬁrnr & m/e 105 should be due to

& a.:%,:,.ﬂ,:.f Combining all these units, the most likely structure of the organic compound is :

I
CH,—CH,—C—CH,

5. Ethyl butanoate shows two characteristic peaks in its mass spectrum due to odd electron
ions at m/e 88 and 60 and an abundant ion at m/e 71. Explain the fragmentation.
SOLUTION. It is known that methyl ester which is not o-substituted exhibits Mclafferty’s
rearrangement peak at m/e 74. Since a peak is formed at m/e 88, the ester can be ethyl butanoate
or methylbutanoate with methyl group at o-position. Thus, m/e 88 is the result of McLafferty
rearrangement.

+

H
ﬁ:\b i ‘OH
| o_

C
—> CH,=C—OCH,—CH; + ||

CH, CH
S P m/e 88 2
OIJ OOINOIN (M.Rion)I
A< H i/
Ch . OH
| 2 mﬁ_u: CH, _
—_— +
CH, mm, Z n/om
/\:V\ < mwn
OEN m/e 60

(Second M. R. ion)
6. How will you distinguish between the isomeric alcohols with molecular formula C,H,,0
by mass spectroscopy?
SOLUTION. The Isomeric alcohol, of molecular formula C,H,,0 are primary, secondary and
tertiary alcohols.

(a) In primary alcohol, CH,~CH,CH,CH,OH, the base peak results by the loss of water
molecule and it appears at m/e 56 as below:

_<H
H,C OH n:N OH, _y ,0
:th‘ nm u nmo
N OIQ\ GIN m/e 56
(M*ion)

(b) In secondary alcohol, CH;CH(OH) CH,CH;, a base peak is formed at m/e 45 by the loss
of ethyl radical.

‘OH

Q&.\ﬁmﬂmﬂ_mnﬂn; ——> CH,CH,+ CH,CH = OH
m/e 45
(¢) In tertiary alcohol, (CH;); C-OH, the base peak is formed at m/e 59 by the loss of methyl

radical.
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CH,—C +.I . n_umu
fulo —> CH,+ CH,—C=0
7. How can You disting .wIw m/e 59
Mmass spec uish bet o of
SOLL m..wmwoqcmoov%@ Ween 3-methyl and 4-methyl cyclohexene on the basis of

. Itis k
diene frag . NOwn that ip :
o a.mgma and neutra] ethyl cyclic alkenes, a retro-Diels-Alder reaction gives, a charged
ation about th Ylene molecules. Clearly, the m/e value of diene gives a useful

! € position of
s shown below, the double bond. 3-Methyl cyclohexene gives a diene fragment
CH, CH
3
4
"~ _Retro-Diels-Alder .~ 2
reaction /+ * _A_UE
2
. m/
Methyl cyclohexene does not form a diene @mmaoww.m

g . i
Describe the various fragmentation mode, o

SOLU f diphenyl ether.

TION. i
et In aﬁro@; ether, the peak due to the ion formed by the loss of carbon monoxide
p inent. The various fragmentation modes are shown:

o
y —C,H
@\ /@ e @ 2 Nm Oa:.w

m/e 170 / mie 17 m/e 51
0 . HooH
N .
O\ O —Co. —H
», >
s ,

m/e 142 m/e 141

Short Questions with Answer

1. Define mass spectroscopy.

Ans. In mass spectroscopy, the vapours of the substance are bombarded with energetic electrons.
The molecular ion and fragment ions are formed which are separated according to their
m/e ratio. Mass spectrum of a substance is a plot between m/e values of the ions versus
relative abundance.
7. What do you mean by the base peak ?
Ans. The most intense or the abundent peak in the mass spectrum of the compound is called
the base peak.
3. Name some compounds in which the molecular ion peak is not often visible.
Ans. In case of alcohols, especially, tertiary alcohols and also in case of highly branched
4 compounds, the molecular ion peak or the parent peak is not often visible.
3 G o
4. What do you know about M and M ion ?
Ans. M is called the parent ion radical when the neutral gaseous molecule of the substance
Joses an electron.
M(g) + e —> M + 2.

speci 5 +y 1 4 . . s
All the organic compounds are even electron species. M ion is a cation which is trivalent
carbon less one electron pair bond.
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How a molecular fon is a powerful tool for structure determination ? )

Phe molecular on of an organic compound is no longer stable and thus tends to memgm:.ﬁ.
Phe various fragment 1ons formed are studied in the form of their m/e <m_:m.m against their
relative abundances which provide an excellent tool for structural determination of the

compound

Do all the bonds in a molecular ion undergo fission ?
No. All the bonds in a molecular ion do not undergo fission. Some bonds break rapidly
while others do not. The reason is that 70 ev energy may not be sufficient to break all

the bonds.

At what pressure, the vapours of the given sample are introduced in the mass
spectrometer? Explain.

Fhe vapours of the substance under examination are introduced at low pressure
(10710 “ mm) in the spectrometer. The reason is that it is necessary to minimise the
collisions between ions and the un-ionised molecules. Such collisions produce new ions
which are ditficult to interpret in the spectrum.

What is the most characteristic feature of compounds containing one bromine atom?

Do fluorine and iodine centaining compounds show the same feature in their mass
spectra ? Give reasons.

I'he compound containing one bromine atom gives a pair of peaks of equal intensity
separated by two mass units. The reason is that the isotopes "Br and ®*'Br occur in equal
abundance (ratio 1:1). Fluorine and iodine do not have isotopes and thus M + 2 peak is
not observed when fluorine or iodine atom is present in the compound.

What do you understand by Nitrogen rule ?

According to this rule, a molecule of even numbered molecular mass must contain no
nitrogen atom or an even number of nitrogen atoms. An odd numbered molecular mass
requires an odd number of nitrogen atoms.

Describe the importance of metastable peaks.

The metastable peaks in the mass spectrum greatly contribute in structure elucidation.
From the position of the parent ion and the daughter ion, the position of the metastable
ion is calculated and confirmed in the spectrum under examination. Metastable peaks are
broadened and less intense. The most likely reason for this is that some of the excitation
energy leading to bond capture may be converted into additional kinetic energy.
Predict the relative abundance of the parent ion in case of (9) Propane and
(if) n-Pentane.

The relative abundance of propane is more than that of n-Pentanes. The abundance of the
molecular ion peak can be increased with respect to the abundance of fragment ions by
running the spectrum at low ionisation potential, i.e., by bombarding low energy electrons.
What is McLafferty rearrangement ?

The loss of an alkene fragment by a cyclic rearrangement of a carbonyl compound with
Y-hydrogen is termed as McLafferty rearrangement.

What is typical in the mass spectrum of a compound containing (/) one bromine
atom (i/) one chlorine atom?

In the mass spectrum of such a compound, pairs of peaks are formed for the molecular
ion and the fragment ions at two units apart with a relative abundance equal to 1:1.
Similarly, peaks are seen for a compound containing one Cl- atom but with a relative

abundance of 3:1.
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.—.—:i.i:_ you distinguish three isomeric butanols
['he isomeric butanols are : cH,

CH,CH,CH,CH,0H CH,—CH,—CH—CH;
: 2
| CH;
OH an-
Butan-1-ol Butan-2-0l N-ZQEM %ﬁm
AH Olv ANOIV
In such alcohols, the m/e value for the base peak easily &m::mc_mrom the
(/) In Butan-1-ol, the base peak is formed at m/e 56 by the loss of water
H H
:\ _ _ —_—> _ * P_ 2 I.\l\ltwm\m.\.\lv Omwl\\nmw\l\nmw nmm
CH, CH CH CH
~N \ 2 2 2 m/e MO
CH, /Omw\
(ii) In butan-2-ol, the base peak is formed at m/
radical.

e 45 which is formed by the loss of ethyl

@A_Um
—(CH,CH
CH,—CH,—CH—CH, (CHiCHY) o oy cH=OH
m/e 45

e 59 by the loss of @Eu radical.

(iii) In 2-methyl propan-2-ol the base peak is formed at m/

CH,

_ —CH, ®
Omu\OI\OE — — 33 (CHy),C= OH

_ m/e 59

CH;,

15. Describe some special features of amines which help to identify them.

Ans. Some of the special features are :
(i) An odd molecular mass of the compound indicates the presence of nitrogen atom
(i) Since amines have the tendency to capture protons. Thus, a (M + 1) peak shows
increase in intensity if the pressure of the ion source is increased.

(iit) If the amine is ‘present in the form of a salt, it does not volatilise in the
spectrometer but docompose to give a free amine and acid. In case the acid co e
_is HCI or HBr, then strong peaks at m/e 36 and 38 for HCI and m/e (80 M:mvo:aa
HBr are obtained. It may be noted that in case Cl or Br is present in Mﬂ_o onvwmo.a
. nic

85 pound, then the pair of peaks are not formed in such intensity

_.,,Hm.. Predict the postions of McLafferty rearrangement peaks fi

., ,:Bhwb&% containing y-hydrogen atom. P or unbranched aldehydes
Ans. The McLafferty rearrangement peak for an unbranched ald

 that of unbranched acid at m/e 60. aldehyde appears at m/e 44 and

| : 3 is the most abundant or the base peak in the mass spectru
" Ans. The base peak in the mass spectrum of toluene appears at m/e 91. It is a:iﬁ 3.:3_:2_» ?
on

oo ~ of benzy! cation which at once gets rearranged to mos
5 e S g o3 ost stable tropylium cati
: P cation (C.H
7

k2N
7 1on).



FLEMENTARY ORGANIC SPECTROSCOPY

Predict about the most intense peaks which appear in case of straight chain ang
branched chain alkanes.

I'he most intense peaks for the straight chain and branched chain \alkanes appear at
m/e 43 and m/e $7due to C,H, and C H', ions. The relative abundance of parent ion peak
decreases with the increase in the chain length. In case of branched chain, the parent ion

peak is not observed.
What do you say about the molecular ion peak in the mass spectrum of alcohols ?
Which peak is of largest abundance in primary alcohols ?
I'he molecular ion peak of primary and secondary alcohol is usually of low abundance
and it is undetectable in tertiary alcohols. In primary alcohols, the signal at m/e 3]
appears in large abundance. This signal corresponds to the formation of oxonium ion

(CH,=OH).

How will you characterise a primary amine by means of a mass spectrum ?
The molecular ion peak is formed at the odd number and also for the primary amine, the
base peak apears at m/e 30 due to CH, Z:e It results from the molecular ion by -
cleavage. A. ,.
How would you distinguish be
the basis of mass spectoscopy ?
(/) In the case of ethylamine, the base peak is formed at m/e 30.

tween Ethylamine, diethylamine and triethylamine on

. —CH +
CH,LCHY NH, ——> H,C = NH,
m/e 45 m/e 30
(ii) In the mass spectrum of diethylamine, the intense peak at m/e 58 is formed. It is due

to the loss of methyl radical.

. Inz +
n:w|nmulwm|m\mu/lo:u ——~ 35 CH,—CH,—NH=CH,
_.:\nmm

m/e 73
(7i1) In case of triethylamine, the most intense peak is formed at m/e 86 by the loss of
methylradical.
CoHs~_+. —CH
C,H;

m/e 101 m/e 86
It may be noted that in each case, further fragmentation of this initially formed fragment

ion produces a peak at m/e 30.

Give the typical fragmentation pattern in benzyl methyl ether.

Benzyl methyl ether fragments by the loss of methoxy radi al to give benzyl cation which
rearranges to more stable tropylium cation. Thus the peak due to this is the base peak. It

further fragments to give a peak at m/e 65 due to CH.

'*.
CH,OCH;
—OCH

m/e 91 m/e 65

m/e 122
In the mass spectrum of toluene, strong peaks are formed at m/e 91 and m/e 65. Als¢

a broad peak appears at 46.4. Justify the origin of these signals.
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to the formation of benzyl cation which ’
: The signal &

ation (¢ ‘ .
p C.H, cation-

mie 46 .4 | H.'). The s .
6.4 18 the re ML) The signal at m/e 6518 due to

sult of metas
metastable peak which is broad.

CH,

L

Folene

CH|

(CH=CH)

Rearrangement @
: Molecular 1on m/e 65
n case, the m/e 91

se, the decompositi : ,. ,
acceleration _F,_.:_,r_ :_:..: or fragmentation of ¢ ,\:.w (m/e 91) 10 CgHs occurs a:r.ﬂ
formed. wching the magnetic analyser, a metastablc peak at mfe 404 15

9

Azfv, _ 65%65

Metastable peak, mt = i 5705 _ 46.4
24. D m, 91 :
e etermine the s .
:x.:m.ﬁ::n the structure of the compound whose m/e values in the mass spectrum are
, 85, 71, 57, 43 (base), 41, 29 and 27.
AN TR

>,.z the signals at m/e 14 mass units apart, the compound under investigation 1s n-heptanc.
For this, the molecular ion peak appears at m/e 100 ?JI_‘«;. The loss of methyl radical
(15 mass units) gives a signal at m/e 85 due to CH _w. Then. signals apear at {4 mass units
apart and the base peak at m/e 43 is due to Gw_i Jon. A signal at m/¢ 41 is due to the
loss of hydrogen AﬁwI.,. cation).The signals for ONIW and ONIW appear at m/e 29

and m/e 27 respectively. The compound under examination is n-Heptane.

V4

5. Determine the structure of the compound whose m/e values are m/e 74 (Molecular
jon), 56, 43 and 31 (base peak).
Ans. The formation of a base peak at m/e 31 shows that the compound under investigation 15

primary alcohol. It is due to the formation of CH, = OH ion. Primary alcohols do for
t 1om

1
i

parent ion peak whereas such signal for tertiary alcohol is not detected. The pare:
peak at m/e 74 corresponds to | -Butanol AOIMQENOINHmuOEV. The peak at m/e 56

due to the loss of water and that at m/e 43 is due to G ,wm cation.

- @
n:u-\omwlommt.\omeo: > CH,=OH

(M*—Parent jon) mle 31 (Base peak)

«_\ @ Rearrangement ®
nw'mm\lﬂmm.?lﬁumw g — Omﬁllhzliqm . mle4dd

20

_ [ o ]
H OH H,C —CH,
m/e 56

‘o::,:::m the structure of a compound whose mass spectrum gives signals at m/e
&r___nm at 45 :So_mn_:»q jon), 44, 30 (base peak) and 29.

S .m.&m signal at m/e 30 is due to CH,
o be 0:%.,_‘.0:&325@ since the molecular ion peak appears at

+ ; . . .
=NH, ton in primary amines. The compound under

{nvestigation appears !
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m/e 45. The a-cleavage results in the formation of base peak at m/e 30. The parent iop
loses a hydrogen radical to give the signal at m/e 44.
How do you explain that m/e 94 ion is formed in th b
The peak of m/e 94 is formed as a result of McLafferty rearrangement Which can be

shown below.

¢ mass spectrum of phenetol ?

+

@. OH

CH, m/e 94

Q ﬂzw e H
CH, H

m/e 94

e
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by the use of mass spectrometry and the use of capillary GC/MS for metabolic profiling iy, | _5
L g . e : o g , & W led
the discovery of many specitic enzvmatic deficiencies over the past 25 years. ~

5.9.5 Geological applications

Many natural processes lead to small changes in the sotopie composition of elements trom wi, are
regarded as “normal”. Since living organisms cease to take up'? C when they die, a determin »
4C content in a fossil reveals the date of death to within 1%. The **S 1SOLOPE 18 importany
determining the origin of fossil fuels and the H/D ratio of water is latitude dependent so thay pure
tropical fruit juice may be distinguished from concentrations that have been diluted locally.

ation of

Sample Problems

Q1. Do all the bonds in a molecular 1on undergo fission?
All the bonds in the molecular ion do not undergo fragmentation. Some bonds do not break wi

Sol.
other do so rapidly. This may be due to the insutficient energy being available at 70 eV, even if al
the electron’s impact energy was transferred to the M ion.

Q. 2. What happens when the energy of the ionising electrons is increased beyond 70 ¢V? Do more honds
undergo fragmentation?

Sol. If the energy of the electron beam is increased, no significant changes occur in the mass spectiui

Eventually. the second ionization energy is reached and M?* ions are formed.

Since the Quasi-Equilibrium Theory predicts that the redistribution of smaller amounts 0t enerEr
would occur more rapidly. the weak bond or bonds will fragment, reducing the overall encrgy anc
there will be insufficient vibrational energy left for any stronger bond to be broken 1t1s only the
fragment ions which are prominent in the mass spectrum and characteristic of the structure

o heent from the
In muany compounds, molecular 1on peaks are either very weak or completely absent 11t

Q.3

Sol. -

spectrum. Explam how to overcome this hmitation hat
:wr;—:,l Y

The presence of weak molecular ions for many molecules or their complete absence

unambiguous molecular werght information may be difticult to obtain under high encrgy
clectron tonizatton. This problem may be solved by lowering the electron energy and ! :
internal energy distribution of the molecular 1ons, but this is the expense of absolute 1on e

nucal jonization
2 Explan

(70 ¢V
hus ¢

sty

The preferred alternative 1s 1o use a soft 1onization techmque such as che

At what pressure, the sample vapour are introduced inside the mass spectrometet
10 © torr) i the spectromete

. - U
¢noons and :::._3::0.& ::1:

—mﬁ. : s

p beedt ;
,,ﬂ.jﬁ.vr

les.

Sample vapour are introduced at low pressure (107
necessary to mintmize the number of colhisions betwe




Q.8
Sol.

Q.9.

Sol.

Q. 10.

Sol.
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collisions leg,

T — Iy
—— I

dto react;
actions that v . . . ~quently
cause some difficulty i, that yield new ions containing parts of collision partners and conseq ’

After ionization ang f; wvmo:m_. interpretation. L .
spectrum? agMentation, what is the function of mass spectrometer 1o provide a mass
The spectromet 2 . .
and records Sowm “M_NMMFMMQ: zﬂo.cm:osm (including the radical cation) according to .:6:, E\N values
At the same time the Smwﬂomm_:m from right to left) as line signals along the abscissa of the nﬂm?
i ng the ca*:mﬂcB‘_m:H 8&:% their relative abundances as signal heights plotted as
What is the most ormaﬁozw. he radicals are not detected. o o

Ic feature of the mass spectra of compounds containing one bromine

atom? Do fluorin .
¢ and iod;j s . ; : , : tra?
Give reasons. ne containing compounds display the same feature in their mass spectra’

A com ot .

mnvmqﬁwmﬂw\a?mwﬂwwm_ﬁwmHM:% ﬂqoa.—sm mSB. mx:&.:m a ,nm: of peaks Scm@:\. c.m wn:m: ::msm:v\m

abundance of °Br and 8! w 1 the Bo_noc_mq._o: region E‘ the mass mv.oSEB. This is due to the equa

2 peaks are observed in (h I 1sotopes. Fluorine and 59:.0 are isotopically pure, hence no such M +

Electron impact mass oQo spectra of ooBv.o::am containing these m_aBS.:m. . .

would have to be Bmaw F qﬂBQQm are used in some cases, to .ancg :mm.m:é ions. 2:.& m_.ﬁoﬁm:o:.m

speeiomsiry? 0 the source components and electrical connections for negative ion mass

The polarity of the electrical connection between the ion repeller and the first accelerating plate

,ﬂoc_a Mm.ﬁw to be reversed. This would allow the negatively charged repeller to cause the negatively

charged 10ns to move out of the ion source.

What is the condition for rapid energy distribution about the ionized molecule?

The ions have life times of 10°~107 s in the mass spectrometer source, while a molecular vibration

of 10'°-10'2 Hz takes 107'°~107'% 5. This is true for about a million vibrations to take place before

the molecular ion fragments. This initial excess energy is distributed rapidly around the various

bonds of the molecular ion and consequently any of the bonds might break. This distribution of the

initial input of the energy to the molecular ion is called Quasi-Equilibrium Theory (QET).

Suggest the structure of a compound with molecular formula C;oH,,0, whose mass spectrum shows

peaks at m/z 15, 43, 57, 91, 105 and 148.

(i)  The appearance of a peak at m/z 15 suggests a methy! group.

(ii)  Since the mass of the carbonyl group is 28, the peak at m/z 43 (15 + 28 = 43) indicates the
presence of an acetyl group (CH3;CO) in the compound.

(iii) The maximum m/z value at 148 shows its molecular weight.

(iv) The elimination of the acetyl group from the molecular gives m/z 105 which is an observed
peak in the spectrum. o

(vj The peak at m/z 91 (150-14) suggests a OI.N group u::c:?_ to ‘» _,mﬁ O. Ths shows the
presence of the unit CH;COCH, (molecular weight = 57) leaving 148-57 = 91 10 be explained.

(vi) The peak _uo:m.:::m o m/z 91 is likely to be C5H;, whose precursor is the stable benzyl
cation C¢Hs me:N, Hence the suggested structure 1s C He—CHLCH,COCH,

How will you distinguish among three isomeric butanols on the basis of mass spectrometry: |-

Butanol, 2, Butanol and 2-Methyl-2-propanol. |
The th o Tc:ﬁ:c butanols arc distinguished as described below:
e three 1

CH
CHL,CH--CH (D CH Aw. )H
w11 CH,OH (1) CH3CH, CH—CH (1D CH Ol
(1) CH,CH, CH CH: S |
OH CH,
2-Butanol 2-Methyl-2-propanol

|-Butano!

‘ (Secondary alcohol) {Tertiary alcohol
(Primary alcohol)
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The most general cleavage involves fission of C-COH bond, when the _mnm.omﬂ m:&.; group is lost most
readily. Hence the mass value for the base peak easily distinguishes the 1someric butanols.
(1) In 1-butanol, the base peak, formed by the loss of water molecule, occurs at m/z 56.

H H H . .
S i L
C C H,C Of, -mp . .
:\ _. _ ——= ? _ f : s mwﬂllﬁummlﬂmmlﬁmw
CH» CH» H,C CH» m/z 56
- B N S
N S CH,

orresponds to cation formed by the loss of ethyl radical.

(iiy  In 2-butanol, the base peak (m/z 45) ¢

-+

OH )
—CH;CH -
o:uln:NL%: —CH; bl n:wo\:ﬂoz

the base peak, formed by the loss of 0:? occurs at

(iii)  In 2-methyl-2-propanol (t-butyl alcohol),

m/z 59.
CH;
_ -+ .IO.:u +
OIM‘O_NIOE sE—— Aﬂmwvwﬂuom
Omu m/z 59

Q. 11. Describe some unusual aspects of amines which help in identifying them.
Amines present some unusual aspects which help in identifying them. They are as follows:

Sol.

(i) An odd integral molecular weight of the compound indicates the presence of nitrogen.

(i)  They have a high tendency to capture protons and the normally low (M + 1) peak will increase
in intensity if the pressure in the ion source is increased.

(iii)  If the amine is present in the form of salt, it does not usually voltilize in the mass spectrometer
but decompose to give the free amine and the acid. If the acid component is HCl or HBr, then
strong peaks at m/z 36 and 38 (for HCI) and m/z 80 and 82 (for HBr) will be obtained. These
peaks are of importance because organic chloro and bromo compounds do not give these peaks
in such abundance.

Q. 12. How would you distinguish among ethylamine, diethylamine and triethylamine on the basis of thetr
mass spectral studies.
Sol. In the case of ethylamine, the most intense peak in the spectrum occurs at m/z 30. This peak aris

from p-cleavage

+ ~CH +
CHyZOHYNH, —— e H,C=NH,
m/z 45 n/z 30

In the mass spectrum of diethylamine, the intense peak at m/z S8 1s due to the loss of methyl radical

+. e :
:N4 ‘‘‘‘‘ 2:;5@;@5 ,.;,mw_vv :%T,Z:,HAJ:,
Z 2

H;C m/z 73 H;C m/z 58

In triethylamine, the loss of methyl radical produces the most intense peak at m/z 86.



= //,.+_ o~ \ﬁ: ‘ J=—= ) *J

. y N 4 ,V:uz,.. ("Hy e ﬁ‘mmmq H2
CoHs m/z 101 ﬁmmm
m/z 86

on of this initially for
-« of mass SPe¢
the Do ss of both CHO

In each case. however, further fragmentati

m/z 30
0 13 How would you distinguish between 0- and m-anisidines on the the 10
i__ ‘_._.M. Mv_a_. Myz: jon is a significant peak in the spectrum of o-anisidin€ whereas S
an ,0 occurs in m-anisidine. i i i cpla
. i it and explail
014 Alkylanilines exhibit the base peak at m/z 106. Name the oD which is responsible 10
i\.lA’ .w.
7 OCH, 4 0 \
_ CH, _-€o ﬁ
N + N .f.
X NH, X NH, m
m/z 108 m/z 80
+ " ) +
NH z:NJ , Y:UJ
-CHO -CH,0 @
— _——
OCH,4
m/z 94 m/z 93
its formation.
Sol. The three isomeric alkyl anilines lose H to give m/z 106 as the base peak and then lose HCN to give
his is the formation of azatropylium ion.

m/z 79. The most likely explanation for t
onsible for the appearance of a strong characteristic

Q. 15 Write the formula of the compound which is resp!
NH
2 N,
-H Y/,
H;C » H;C
m/z 107 m/z 106

a of all esters of phthalic acid. Describe the mechanism of its

eak at m/z 149 in the mass Spectr

p
formation starting from diethylphthalate.
Sol. The characteristic peak at m/z 149 in all esters of phthalic acid is due to the formation of the

following compound:
0
Il
C

/+
- OH
i
: Il

0




——
dimethoxybenzenes On the basis of mass spectrometry,

C. I6. How would you distinguish among o-, m-, p-
¥ The o and p-dimethoxybenzenes exhibit very little loss of formaldehyde. The (M—=CH,) ion i
4 molecule of carbon monoxide.

abundant. This ion further eliminates

,,,,, 4
ocHy, | o i .
OCH OCHj4 O
7 g L -
_ _-CH Q -CO @ H,0 @
N ==
m/z 95 m/z 77
— +
OCH;, 1‘ (0]
2 -C -c -CH,0
_ CHy O _ _ 2
N
OCH; OCH; QCH;

shows loss of one and two molecules of formaldehyde and a minor

m-Dimethoxybenzene, however,
ination of CO and a loss of CHO mass units, as described

loss of methyl radical, followed by the elim
in the following scheme.

T T
0 OCH; | OCH; | .4+
’/ ~CHy Q -CH,0 @ -CH,0 @
-— > _—
OCH; OCHj
: m/z 108 m/z 78

ﬁlmo ﬁ-m.:o

G H
QI
+

OCHj3

OCH,
e 4
m/z 95

Q. 17. Predict the fragmentation pattern of diphenyl ether.
An interesting rearrangement process which operates in diphenyl ether is the loss of carbonmonoxide

Sol.
from the molecular ion.
|_+
. +
e | |
R
m/z 170 m/z 142
+
\ S o
.,\\+” ,‘. // - 1— ‘!(/
NN
m/z 141

m/z 77
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How will you ¢xp ,
. " ctrum of phenetole?

18 . ain the formear: .
) / For - Ormat p . » mass spe
..u A four or six centered Ml o 1on of an ion at m/z 94 in the mass .,._ ». e of miz 94 ion, as
W described below: -alferty rearrangement can explain the formatio ‘
\\\,./rf +. +
\\ . s ﬁv e .
= /\OI
g -C,H, ,
/ —_—
™
//\ : /
m/z 94
T
0 o |
-C,H,
—_— :
H
H
m/z 94

0.19.  How will you account for the appearance of prominent peaks at m/z 31, 42 and 70 in the mass
spectrum of n-pentanol.

+

Sol. () The appearance of a prominent peak at m/z 31 is due to the formation of CH, = OH as shown
below:

+ g +
O:wIO:NIO:NIO:M@OI =p OIuOENO:NOEN.T :Nn”o:

Another prominent peak at m/z 70 in the mass spectrum of n-pentanol is due to the loss of

(i1)
water molecule. This elimination by electron impact has been rationalised as follows:
H
+ s
HC_  _H, O OSSO
N <) HC 0 HC
_C CH, _ _ -H,0 _ +
S TN R N
N
25 T—CH, CH, . e,

(iii) Elimination o*,ian:omoﬁrﬂszrSon:BSmaoso_,o:d\_n:o?oS:-co:E:c_uano_::m ::
the presence of a peak at M-[ethylene (28) + water (18)] = M-46 = m/z 42

! H

i .

: HAC

| | ’ /o ~H,0 .

. +
CEs ———— | CHy—CH—CH,

H / _ /Nl\ ~C,H,
HyC CH, m/z 42

tween 3-methyl and 4-methylcyclohexene on the basis of mass spectrometry?
f 4-methylcyclohexene will eliminate butadiene fragment at m/z 54

distinguish ?w
_Alder reaction 0
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CH;
4-Methylcyclohexene
m/z 96
whereas a retro-Diels-Alder reaction of 3

depicted below:

3-Methylcyclohexene
m/z 96

m/z 54

-_:Q_J\_nva_c:cxo:c gives a diene fragmeny at m/y g
- 08 4

CH;
= CH,
ol
CHy
X+
m/z 68

How would you identify the presence of F or I by using mass %nn:o:g.aﬂ:o method?
High resolution mass spectrometry can be used to identify the presence of F or I because both F ang

I are mass deficient. The relative atomic mass of fluorine is 18.998495 and that of iodine i

126.904470. This means that the compounds containing F or I will usually have precise atomic
masses. relative to '?C=12.0000, which are less than the nominal mass and hence can be identified

It is for this reason that polyfluoro compounds such as polyfluorokerosene (PEK), CF; (CF,), CF,
are used as calibrants in high resolution work. The ions from these polymeric mixtures turn up in

regular series such as CF;, CF; CF,, CF; CF, QUN@ with m/z 69, 119 and 169 respectively. They

are significantly mass deficient:
Ion

CF;

CF; CF;

CF; (CF,);

Accurate mass ('*C = 12.0000)

68.99549
118.99248

168.98947

This deficiency takes them well out of the range of accurate masses expected for most organie

compounds, i.e., their accurate atomic weights are less than a whole number, unlike the commo?

clements, H and N which are mass proficient.
Predict the molecular formula of an orga
1sotopic clusters of its mass spectrum,

94

m/z
(100)

(Relative abundance)
The most intense peak is at m/z 94 and is the
compounds is given by:

M 04
M+ ] 95
M+2 cm

M+3 97

nic compound which gives the following peaks 1t

he

96 d
(96)

\

95
(1.0

(6.1)

. L Ineters of the
molecular ion peak. So the 1sotopie clusters ¢
100
6.1
96
1.1



-kdoosonoads sseul Jo siseq

e [Aypoul-¢ usamidq :.o:ozzm% Op 2UO UBd MOH
ueo oImoNas IYM s = z/w ye pue (S1-) 01 anp
N) ZTHED g[nuIoj Ie[nodout & yim uoqied0Iphy y
~ Suons smoys II jo wnoads W1 2W Au0 (11 |
unodwod 22143 0} soIn}onNs UBISSe 0] dwsyy -

oY) uo auaxayooko-[Apawi- pu

‘punoduiod siyy 0l paudisse 9q
syrod of1e] smoys (96 = Z/HE .,
- wd 089 punole pueq O=

I
‘¢¢9 “S1,1) vnoads ssewr 14 woij sp

SN31903d ANV g3s10y3aX3

2S99 awayds
-Jug[nuUIS WIJSAS SNOAIIU
[81IU3D “uessaadapiuy)

aunwejaydury
H
m:u\%lf,v
‘HN

eu Al \\JHM



(S1Y) SuLIuod uone

'H. X -luewdey jenoads ssews MOH “(31enj0) [Ayaw-)) 2ny
s BukolIo} a1 ey (189005 = 1yBrom senaalopy)
‘HO 00D ~  TOMH®) wInuuoy tenosjow ayy yum punodwos v
¢, S1y1 10§
JUNOIJE JUO ULD MOY “9¢ = Z/u/ J& Yead aseq e saA1F [ouexay-| Jownnoads sseur sy g
Se'9 "Bi4
2/ OZ1 OI1 001 06 08 OL 09 0S Oy Of 0z Ol
»-t~T—-—»—iFlﬂ1~»J«»%—h_-_r
‘ -
0zt « ¢ s i m
4 : G
' IS 8
\...\ 9 I u
\ - 0G M
yead | W 3uons © i m
i I
_m/ I | W
> oo:m
2jws 0TI Oil 001 06 08 OL 09 0S Ov Of 0T Ol
PUES B | P»ﬂ—,ﬂnbalrr![lﬂ»_w“-—-hb
IS I m
oclL —
iIN | o M
LL - M
(n =
6ol > 001 m
2w 071 011 001 06 08 OL 09 05 Ov Of 07 Of
P-—hh F-A—P_-hthl——hh_h—P——h»Im
u f [ 3
ozt
Y LS i M
W - 05
) i m
001
[={0]}
ris

SANNOIWOD DINVOYO 40 AdOISOYLIHLS



H N‘H __* A_E
—.h_v\u\u.\u _..w\o\u\ J
.+ <4
JAum “CHN ajeutwi[d Jou op ‘19A2
} uowiwiod osje st ssapold sy ‘woje uoqies

-moy sauury “SZH 192/0 yorym sjoty
moys [oyod[e [Ax[e ue woy OH JO SSOT ‘|

-Q 10 -4 & uo uadoipAy e Jo aouosaxd ay} §

m:m_u mmn_v
nmulmulfuu\_ulnmo
¢HO

¢H) *HOHO=H

Jsuol Je[nogjouw 113y} Jo uongyuowdely jueurwopaid 3y} 0} papin3 st auo

moy ‘punodurod [Aureuuld g pue duey[e Su1mo[0] Y} JO SAIMONNS Y} Suruiurexa A ([
‘uonejuowdely S} UO i = Z/ul UO! UE Jo uoijeuLIoj 3y} ured

-X2 ‘SHIO) = ¢ PUB £HD = 74 J1 PUE ¢ <zl < (¥ 4 ANTHO— Y dutue Arengreurjy 01

‘uonejuswdey

= z/w Je UO] JUEpUNgE UE pue (9 pue 83 = z/wi Je Suol uoxn

O1)SLI3JORIBYD OM) MOYS winoads ssew syt ut deoueing (AT 6
‘proe oieyyyd Jo s19353 oY} Ul 6 = Z/U
109]J9 0Y740 JO UOLBULIOJUI JY} IS noA ued MOH '8
‘Joueyio[Ausyd-1 Il
[ousydiApg-z 11
Jjejooe [Azuag |
"SUOI JB[no3[ou 113y} Woy spunoduwod Suimo[oj 3y ur uoneudWIely Ay} 9IPd - 'L
‘(smoure ym payzew syead ay Jof
JUN000E JUIE]) {0M} Y} USIMI3q UOKOUNSIP & Op noA ued moH “duourjuad-g-[Ayoul
-p puE -¢ ‘SOUOJdY OLAWOSI 3y} Jo e ([] pue [ ‘9¢'9 Ti) enoads ssew 3yl 9

oy uredxqg [L
-09[3-ppo 03 anp syead

uo1 2y} Jo uonjeuLIo} 3yj urejdxa o)

9¢'9 B4
zw u
oor 08 09 o 0z 00l 08 9 o 0z
.A”..n..h e BN SN SPUE P |
Nl T .
z u m A S8 (T Wt
s 4 5 | « m wm 8 :
: 8 ot "
3 ‘OM} 3y} ysinBunsip .
ues [smawe aes] uo s
" Auayepy 10 anjea zw !
1 ()] o oot

oIS AYLTNOYLIAIS SSYW




89 = z/u yyim yuswSey auar
2uaXYOIAIAYIOW-p ayrpun snyy ‘puoq 3
-osn SOAIS USY) JuswiFeyy dualp padieys oy
ue pue uswidey auaip pagdieyo e saA13 uon

"auBAdaid pue pg = Zzy 9%
S o
ausipeing BEW:MI ocmxmco_ukz x:ui 5
‘HO, N ‘H)

pS = Z/u Juswdey suaipeinq paSieyd ajeurunyo 1!M uondwal Japyy-sjar-onor 14
ualpeINg 27 ‘4] 03 anp s1 g = /U 1e Yead ay “dnoug [Ayjow Payoueiq e jo aous

-sa1d oy 03 syutod (g 1—py) 931e] oy (omy s1 Aouatoyyap uagoIpAy o xopur oy sny
‘swoye ua3opAy 1noy si UHLD - 9L SoULYIP 3y 9L aq pnom swope uoq

~1B3 USA3S 1M Sue)[e ue) om) st punoduwioo S1y ut Kouatonyap usgoipAy jo Xapurayy ‘7

(sor zpu) 618
uor winiAdonjAyow oy

- HO*HD
@ _ auenqrAuayd-¢-jAyrow-z wouy

£
SOI zpu Y HO 8vI zu
' N
o *
+ +
*+ U5HD Tfu:oﬂ\@ﬁ.
h |
. ‘HD :L
HD

"auazuaqjAdoidosi si (1) snys ‘auszuaq [Adoidost jo any aq osje ues
WL 501 z/m e Jead aseq e 9413 0) umoys se syuswFey ueﬁza—m:oﬁ.m-wx%u“-w
30 uor renosjow Yyl (FHO—tHD-tHDSH?)) °uazusqiAdord-u “&wumu” M n y
(1) winnysads ssew sy -co[ = z7m 18 ~QSH? 10 Afuvmumme% |=w.~=oo m Wuw_%
Y5 pue 16 = z/w ye K1o10W [AZUaq UIARY 3SOY)} °LL = ~\NM je B oﬁu« I ; ::Eoo&.m |
% Korow (Auayd e yym punodwoo sruesio uy -suousydolase Jo st (|1

SW3190Yd FHL 0L S¥IMSNY [

{uswidey sourwe
lKzuag IKN[e mopy “Jowse [Ayow [AZUaq JO uongyuowsey [ed1dA) ay uo Juswwoy g

SANNOIWOD DINVIAO 40 4 dOISOYLIALS 9IS



gy =W IR yead
aseq o) spea] yoq ut (dnoid |AY ‘souojo| [Aypou 31
yr0q 20uIg "7 = Z7u 18 Yead € 0} PEd [[IM (1) ut ((HO=*HO) oudAyR JO mw.o_ u__mwa
‘g = z/u Je yead yusunwoxd ue 218 [ia (1) Ut NEUH:ULEQV auojAdoid jo $SO7T

[e 1281¢] JO sso[) a8eaes[o-0 U

"OM} 3y} ysinbusip

ueo [smoue aas] uoi | TL z2jw 8¢ 2/
Auaye oI J0 anjen Zw /%d
o + __ <+ & 7 % __\‘Io.\)
7 Mu *'H .+ H H

oS1opun [[Im pue uaB01pAy-A € 2ARY SAUOI
ym suourjuad-zZ-jAyoul-f sjuasazdal
U010y [Aypou 2Je S3u033 3 pog 9

quawafueLieal AU TON
ayl ypog -suouryuad-z-1Ayjawi-¢ JO st (1) an
() wnnoadg "¢y = Z/u Ie yead Aq pa[eaAdl SE §

811 zjw o051 z/ud
4 [4
n HO :u HO__~L
HO'HO + — g 2
lo R
(o)

«(193}J2 0Y140) 13)$3 01140 UE SI punodwiod ay Ji AJuo nd0
ueo g = 27w dA13 03 HOTHD JO $50] 343 pue DO JO S5O A S1 611 = Z/MW YL
‘nwe [§ pue 7€ JO $S0[ 01np 3q [MM 611 PUE BT = z/ut ye sypead 281e] readde [lim
CQ pue [6 = Z/ul IE syead Suons sny ‘wa)sAs dnewore |Ayje ue sey punodwiod YL

v

uot ; N [ourxay-|

(80— 81— W)
9§ zZ/w

SH M HY 5
Giyhony? ¢ § Ll = THYTHOHY S )H
2 H HO \_N
.:/ LR

0

_

H

4O1}9E) P}IADUOD € Ul WISIUBYIIW PILJUI-XIS © BIA [OUEXAY- | JO UOI JE[NII|OU
o) w0l (9p-IN) FURIAUI ST [[A SE I21EA JO UONBUILIIS O W0y synso1 yeod s1L ¥

96 = ZW ~+N
auaxayophojAuen £
‘UBjAYR 89 = 2
pue g9 = ZAU we)shs
auaipelng pabreyo v = + P
" ‘HO | ‘HO

LIS AALAWOALIAAS SSYIN



'uoned [Kusput
pasi|1quIs JO UOHEBULIO} 34} 0} 0P SI IH Jo ss0[ ay3 Joj 010§ FuiaLp ayJ ‘(soueu
-08a1 *'2°1) PIULIO} Sy UOE [AWeuurd ay) Jo Ajiqess ay; o anp si pue puoq 1jAj[e
oy Je 338aL[d AQ umoys se syuawdey punodwos [Kureuurs oy ‘suones Arewnd ay)
uey) SUONEI AIBPUOIIS 10 AIBILS) JO AijIqe)s pasealout ay; 03 anp si siy yurod Jur
-youeiq Y} 01 JUIIEIPE SINDI0 UOISSY Puoq pasueyud saue)[e payoueiq Jo aseaayjuy ‘[ |

(bp z/u)
n= n:w

HN="HD + "HO="HD «— "H)-N="HD
"HO-CH

cHAN="HD + |4 ¢— &.m?liol_m
+ .

"uor pauuoj Ajjenrtur ayj jo uonisodwooap ay)
Aq pamoj|oj ‘uadoniu 0) 3xau puoq H)—)) Suiajoaur dnosd [A)]e 3s9818] 93 JO SSOT ‘(]

09 =2 88 = 22w

. HO z z ‘HO

HY =0l Nmu\o,“_v\uﬂ “HO H” PR WH

T W S i L
b H ¢ °H HO “Ju~

‘[, = z/u 1e Yead juepunqe a3

SAIB (1L =gp— 911 “21 SHIDO—IN dnoid [Axox[e jo ssof) a8earajo-0 a1 a[Iym
SludwaBueLeal AUAJJe IO AISSI0ONS OM) WO ISLIE ()9 PUE §8 z/ul e SUOL Y] 6
(BOp'9 Swoayag 20s) sofeaea|d 19152 om) £q paunioj s1 yuowiSeyy 6p| =z oy g

uor wniddonAxoiphy

I$2pa w2z g zpu Lo1 2w g5y jo
uoneurwid

€
.f.ual@f e @ «— :u:w
:l HO
H H HO
HO ‘4y.-  HO
yead aseq a ﬂvhg zpu «— N.
THO +L'HO'HD

33eaeadp-»
—w NB\E yead aseq so1 2w —_——
(£HYD) H N
£y 2w m% O=D=—"HD" U\Vl 5 —tHo )
(Q=DtHD) + Q'HO au219y Jnddjow 7 =

ennsuay O



0+2

90} = 2w auiwe jAzuaqihnry
L O ©)
HO + .. «—
. |
H
uol |esgipels
jAuaipexayojoAaauajAyisn
¢6 =2
H _H
‘HD H N:u 5
I+ <+« OM
0O @ N:u
CClL = ZW N
YR s;se_h:mm
S9= 2w 6=z

’ . /Nm

"A1aA1109333 10w $3Taeyd aanisod ayy SasI[Iqels
Woje Uagou Jey) 198} 31} 0} 0P SI SUIUIE 14zuaq 1A3|e ur 25u21351p 10] uOSED] L gl

+N*H H------- ... NH
+("HN-W) €4 I —— _ ]
¥ 0—0—>—) _rololulu
+
& OH
+(0H-W) ¢— | _
90—

‘dlqeinoaej sso| uonejuswidely uo +m=Z - W uo!

9y} JO UOLBULIO} 3y} )BW 0} ‘U0 WinIuOwIwE 43 Jo Ayjiqess oy oy anp aq Aewr siyp 7

+ ;
HO - _
PR zu
\
“HOHO=H +_ :uwr HOHO=H

n=n_v mmw mmU m:U
MIUIZUI..NIH.V + 4 _U.lmIU <4+— mIUIIm_VINIU!rIW _Ul..mmu
£
D L mzn_u

61S A4LINONLD A4S S50



x () JO UNOWE 1im ead | + W 91 01 uonnquiyuos SIu3saxd st usBoniu ases uj
qu00 A €1 JOOqRad | + W © Av1dSIp [j1m swore uogues AP Gyim v_:ou_.oE B“Sa
wnyl ‘11 AQ yead | 4 oy jo Ansudyur AR 3Y) Fuipiaip E. Paie[nojes 5q ueo
SuI018 UOQJED JO Jaquinu wnuixew ay) ‘uadoniu JO udsqe oy U] ‘swoje uaSoniu
SE [[oM SE UOGIED JO 19quunu 3y) mouy o} pasn qued yead | 4 243 Jo Ajsuayur oi
Juasaid aq Kew sutpor /7 1e yeod & pup deg 181
€ 1 21941 USYM, "I 10 [ °§ ureuoo yy8iw punoduios O Yead | + W oy uey; 1981
syoo] uot uared ayy jo yead 7 + W oy g1 <7 ‘Iyday aq Aew $aInje) [eo1d4; swog
JudwaBuenies) Auaggeopy pauuy s mcomo._?E-» Pim
punodwod [Auoqies e Jo juswsSuesies) o11945 © £q JuowFeyy dUdN[e U Jo sS0] oL 1
‘uonesawdey jo spow ay Buip1oop ur nyasn aaosd Aew oInu siy
'SJUAWFRLJ UOLIOII UIAD PaULID) JJe [ed1pel 334 © Jo uoneurun|a oY) £q pauwnioy um.oﬁ
JIyMm SIUdWIFeLY UOOI[ PPO PouLId) aIe YoIym suonen [esipes mou $9A13 sjuswFey
[ennau jo uoneurw|y “Ayred jey sa3ueyo ssasoid SIY) pue red [esipes oy pue ued
uotr oy ojul uonesedas © saAjoAul ssa201d uonejuawdey puoses ay; Yuosed ay) se
$S9UUdAD 10 ppo 27 ‘Ayired owes oy Sey Joquinu ssew asoym Juowely mou e saa 13
N[O [eNNIU' B JO SSO] SIY |, ‘Pareullf st (STH pue NOH ‘10H ‘0D YHD ‘OH
“8'3) a|nosjow [ennau e 181y oy uf ‘suonejuswideyy jo sadA) Jofew om) ase 2oy
“njeA [ejuswiLiadxa ay) 0y 2500 are Yorym se|nuuoy
B[N0 3Y) puly 03 $3[qe) Yhim paredwos oq Aew SIYH 4q punoj ‘ssew joexa oy |
‘Sa[ndvjow tejod 10§ pasn st gy poyow juawprequioq jsej ay | ‘sajd
"WES 9[l1ej0A-UOU Jo e1dads ssew oy p109a1 0 pasn st poyjow ((1.f) uondiosap pjarg
“Yead uor sepnosjow 91800] 03 3uisiwoud s anbiuyooy ID poylaw [ 03 uonippe uj
‘uoneuowdey 11ayy Fulnp pouwoy ae suol
Wntutw 1o wniuoxo ‘suones 9[q®1s douls saulure pue sjoyod[e Jo eyoads ay) ur <52
JuasIxauou 1o [rews si yead SIYL "9[1o¥) SI uonejudWIFely JY) USYM JUIISIXOUOU IO
ABIM udYo st yead (, , A7) uor Te[no3jow 3Y [, "[00) [eImonys [njsamod e si pue saipngs
U0 Jey) uor Te[nagjow ayy jo wede Juryeaiq a1 ‘uonejuowdely siyy si | Juswideyy

%1 Pua) |im pue o[qess se 123uoj ou st (punodwod s1uedio ue o) uor Je[nodjow ay |
"puoq sred uoxd3[3 SU0 SSI| UOGIRD Jud[BA

+ UO1BO0GIED B 1M PISTYUOD 9q 0 JOU SI _, ]| UOI Je[NdI[ouw oy |
ead oseq ay3 paj[es st winnoads ayy uwr yead dsudyul ysouwr oy |
“uonrudWIely JO APOU AY) JNOGE UOHBWIOUI [NJISN IAIT

MSEB $fead sjqeyserow are Aysuoyur moj Jo o pue S)IUN SSBW [BIIAIS J9A0 pealds
PeOIq 218 yorym sxead ay |, ‘(uondooxa oxe suor padieys Ajqnop 03 anp syead ay)
SIN[eA ey [e189yu1 ye seadde pue dieys a1e wnnoads ssew oy ur sy ‘(sxyead ado)
081 91p %y 030 ‘7 4 W ‘I + W Jo san[ea zzu ye syead Jo dnoad onsuajoeseyd e jo
Uondasy, N Pim ‘wnnoads ayy ur anfeA z/w 1saySiy oy Ajjensn sey ol JB[NOS[OW
wf‘ YOt Teinaojow oy payres s1 (uonmuowBely oy 010§0q *2'1) punoduwiod [eurBiio
130 1yBrom e[nosjow ayy se ssew awes ay) yim (Anawonoads ssew ur) uot dy |,

Aead uot 1enogjow a1q1s1A ® 0A1F 09 1Ry ARw sjoyoajr “¥2 ‘spunodurod swog
o . (2

w yoed jo suol Jo aouepunge ayj jJo piodas e ,r..u>,_1

e Zuturgyuos

Aoy
HOJ) (271 ones adieyo ssw

Pug ¢n , —_—
59%5m1y 4194y 03 Buipsosow suor ay) $UI08 ‘SIINIDOUI SISIUOT 12)aW0N02ds ssRN

Advanns |

SUNNOAWO.D DINVOUO AO AdOISOULIHAS

11

0l

6

8

‘L

0TS



"1861 uopuo] 0D Joog [[IH-MEIDOW “papug

‘suonponddy pup sajdioutid ‘Lpawo410adg ssopy ‘uamod "d"d pue ‘swetji ‘'Hd
€661 VO ‘A3[[BA 1IN '$300g U

ANSIOAIUN “Pd Yip ‘Da10ads SSOW fo uonpiaadiapu “Yedm] ' pue AuayeTON

SONIAQVIY ¥IHLNNA -

‘JaQuInU sseul ppo
UE 9AEY [[1M SUOI UOLOII UIAD PUE JIQUINU SSEW UIAJ UB JARY |[1A4 SUOT UORII|2 PPO

‘suaSonIu JO JOGUINU USAD UE 10 0JIZ JAYIID IRIM SA10dS JO 358D 3y Ul ‘SpIom 1ayi0
up 1S ‘g d ‘suado[ey § ‘N ‘0 ‘H *D Buturejuoo spunodwios swuesio oy o3 sardde ol
Ol |, "PRIOqUINU UIAD 3q [[IM IYTIOM JB[NII[OW dY) ‘019Z 1O UIAR S1 Swoje uagoxniu Jo
JOQUINU Y} USYA ‘PUBY JOYI0 A} UQ WIIIM JE[NII|OW A} 10} AN[eA [EILISWNU PPo
ue 9ARY [[IM )1 SWOJE UIFONIU JO JIQUINU PPO UR SUIRILOD UOL 10 JNIJ[OW B UYM
-3 uaBoniu Jo djay Ay YA padnpap aq ued Juasdud swoe uafoniu jo Jaqunu YL
fead 7 + A Jo uonippe ut yead p 4+ Jy ounsip e Kejdsip [jim woe

QUIIOIQ AUO PUE JULIO[YI AUO JO SWOIE JUIWIOIQ OM] 10 JULIO[YD OM] SUIEUOD YIIYM
punoduiod € ‘d10J2I0Y ], SUOP 3 ued syead asays jo swraned snsueyorieyd AYI WOY
spunoduiod pareusBojey jo uonuBoda1 ayy sny |, yead uor Je[ndajow oy} Jedu (spun
SSEU 0M) JO S[BAIQUI JE paseds) syead jo swoyed QANOUNRSIP 1aYiEl oS O} PEd]
UEd YOIYM SOUBPUNGE [RIRU [BHULISNS Yiim sad0jost omy axe aay ‘aunwolq pue
auuoyYd ‘suaBorey Jo ased Y uf “yead | + | oy Jo Ansuaui ayy doueyua 0y AP
§17 + N o) woy u0joid © Jo ssof Juasaud s1 1§ 10 § ‘ag ‘) punodwiod © Ul UM
"SUI0JE UOQIED JO 1DqUINU 3y mouy 0} Yead | 4 | 2 Jo Anisuaiul AL

~e[o1 paINSEIW oY) WOy PAENQNS 3q 1snw Knuenb siy | “swoye uaSontu jo equint

- ANLAWONIIAIS OV
1S YONLDHIS SSYIN

o

't




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

