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Mass Spectra of Some Organa-Lead and Organa-Mercury 
Compounds 

Vernon H. Dibeler and Fred 1. Mohler 

:\<Iass spectra of letramethyl and tetraethyl lead and of dimethyl, diet llyl, and di-n-butyl 
mercury were obtained with a Co nsolidated 21- 102 mass spec trometer. Monoisotopic 
spectra were calculated by using the isotopic abundance derived from eac h spectrum. A 
variation in the lead isotope abundance was observed in the commercially available lead 
a lkyls. No variation was observed a mong t he mercury a lkyls and good agreement was 
obtained with previously published measurements on mercury vapor . There was no indi­
cation of voltage discrimination. The mass spectra of the lead a lkyls are qualitatively 
similar. The principal por t ion of t he total ionization is contri buted by t he dissociation of 
one and t hree alkyl groups. I ons resul ting from t he dissociation of one 01' more hydrogen 
atoms are small, as are t he hydrocarbon ions. H y drides and hydrocarbon ions resul t ing 
from intramolecula r rearrangement were observed. The principal par t of total ionizat ion 
in the mercury a lkyl spectra was contribu ted by hydrocarbon ions. Hydrides and other 
rearrange ment peaks were observed. A preliminary experi ment on a leaded gasoli ne, ll s ing 
a model 21- 103 spectrometer, indicated t hat sensit ivity is sufficien t to analyze for a few 
hundredths of a mole percent of t e traethy l lead wit h a precision of abou t 2 percenL of t he 
value. 

1. Introduction 

In recent years hydrocarbons have been an impor­
tant subject of fundamental and applied research 
fll1 in mass spectrometry, as well as the principal 
subj ect of th e systematic accumulation of mass spec­
tral data [21. It is surprising, however , that very 
little ha been reported on the ma spectra of 
organometallic compounds in spite of the interesting 
properties and commercial importance of some of 
t hese materials. 

The volatile alkyl compounds of many of the 
elements, including zinc, germanium, tin, and lead 
were used by Aston [31 in his early studies of the iso­
t opic constitution of the elements. No details of 
the mass spectra were reported , but it was subse­
quently shown by various investigators that correc­
tions as to the identity and abundance of the isotopes 
o obtained were necessary because of the presence 

of hydrides in the mass spectra . 
More recently, I-Iipple and Stevenson [41 studied 

the ionization by electron impact of methyl and 
ethyl radicals formed in the mass spectrometer by 
t he thermal decomposition of tetramethyl and tetra­
ethyllead . They did not repor t the complete mass 
pectra of the undecomposed molecules but observed 

that in both cases the molecule ion abundance was 
almost immeasurably small. A rough measure­
ment using 15-v electrons and an ion source at about 

i Toom temperature showed the trimethyllead ion to 
be about 50 times as abundant as the tetramethyl 
lead ion. No similar measuremen t was given for 
tetraethyllead. 

There have been a number of mass spectrometric 
studies of the isotopic abundance of lead obtained 
from various natural and commercial sources. 
Nier [5] has demonstrated a wide variation in the 
isotopic abundance of leads obtained from virgin 

1 Figures in brackets indicate the literature references at the end of this paper. 

orcs. Lead obtained from commercial OUl'ces, 
sometimes called "common lead", may be expected 
to show much less variation than the natural ores 
because it is a mLxture from many sources. However, 
one would not expect isotopic ratios to be accurately 
constant in compounds made at different times or in 
different place. R ecent investigators have m easm ed 
lead isotopes by using inorganic lead halides, which 
preclude the formation of hydrides but present 
technical difficulties not encountered in the use of 
the relatively volatile alkyl compounds. 

I sotopic analyses of mercury have usually been 
made by using the vapor of the element [6, 7] . Ex­
perimental difficulties again result from the low 
vapor pressm e of the element and from the possibili ty 
of amalgamation with interior parts of the mas 
spectrometer . No measurable variation in the 
natural abundance of the mercury isotopes has been 
reported. 

It is the purpose of this paper to give a complete 
description of the mass spectra of several related 
organometallic compounds and to demonstrate the 
applicability of these molecules to isotopic analysis. 
A discussion is also given concerning the dissocia­
tion processes of these molecules. 

2 . Experimental Details 

~1ass spectra were obtained by using a Consoli­
dated 21- 102 mass spectrometer with the resolving 
power increased to about 1 in 350. Liquid samples 
were introduced by means of a micropipet through 
a porous glass disk covered with liquid gallium. The 
pressure of the expanded vapors was measured with 
a micromanometer [81. Spectra were obtained by 
varying the ion accelerating voltage. Each com­
plete spectrum required two magnetic field settings: 
0.535 amp for the mass range 12 to 90 , and l.320 
amp for the mass range 48 to 350. The correlation 
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of the two mass ranges was made by the comparison 
of peak heights in the overlapping mass range. 

The preliminary t est of the analysis of a leaded 
gasoline of known composition 2 was made after the 
above instrument was modified to a model 21- 103. 
The total pressure of the sample in troduced was 
measured with the micromamometer . The partial 
pressure of the lead tetraethyl was calculated from 
the observed ion current of the Pb (C2H 5)+ ion and 
the previously measured sensi ti vi ty (ion current 
per unit of pressure) of this ion. 

The tetramethyl and t etraethyllead were obtained 
from the Ethyl Corp . Portions of the liquid samples 
were removed from the shipping containers and 
vacuum distilled without r ectification into Pyrex 
ampoules, scaled in vacuum and protected from light 
until used . The te tramethyl lead (sample number 
133.7- XP- 3) was r eceived sometime in 1947 and 
was considered to be of high purity. An estimated 
0.1 mole percent of t etramethyl tin was the only 
impurity observed. The t etraethyl lead was re­
ceived about the same time. Total impurities were 
estimated less than 2 mole per cent and ascribed 
principally to ethyl chloride. 

Dimethyl , diethyl , and di-n-bu tyl mercury were 
obtained from the Eastman Kodak Co. These were 
stored in vacuum in the same manner as the lead 
compounds. They wer e no t as pure as the lead 
compounds and contained unknown small amounts 
of oxygenated molecules, alkyl halides, and possibly 
hydrocarbons. Impurit ies with vapor pressures 
considerably different from that of the alkyl mercury 
compounds were removed in the process of distilling 
the samples into the storage ampoules. 

3. Results 

Table 1 gives the principal part of the polyisotopic 
spectrum of t etramethyl lead for 70-v electrons. 
The contributions of ions containing C13 a toms have 
been subtracted. The abundances of the ions are 

TAB LE 1. Polyisotopic spectl'UIn of tetra m ethyl lead f aT 70-v 
eleetTons 

m/e R elat ive in· \ m/e Relat ive in-
tensities ten sit ies 

12 0.32 230 0.02 
13 . 75 231 . 09 
14 2. 59 232 . 09 
15 12.2 233 . 17 
16 0.25 234 . 66 

235 . 35 
204 J. 65 236 13. 1 
205 0. 15 237 10.6 
206 33.2 238 24.9 
207 28.5 239 0.25 
208 66.2 
209 5.73 248 . 03 

249 2.56 
216 0.03 250 0.50 
217 . 08 251 52.4 
218 . 62 252 41. 2 
219 3.98 253 100. 0 
220 5. 13 254 0.31 
221 49. 6 
222 40.3 266 . 10 
223 85.3 267 . 08 
224 0.40 268 . 21 

, Sam pl e ob tained from the Burean 's En gine Fuel Section . 

r elative to the most abundant ion of mass 253. 
Doubly charged ions appearing a t masses 118, 11 .5, 
119 , 125.5, 126, and 126.5 are omitted from the 
table. Their abundance was 0.1 percen t or less of 
the maximum peak. One metastable transition 
peak was observed with an apparen t mass of 196.6 
and a relative abundance of 0.22 percen t. It was 
attributed to the delayed dissociation : (253 +)~ 
(223+) + 30. The sensitivity of the 253 peak- at­
tributed to the PV08CaH g+ ion- was about 0.7 t imes 
the sensitivity of the 43 peak of n-butane under 
similar conditions. 

In order to compare the relative probabilities of 
the various dissocia tion processes in t etramethyl 
lead, it is first necessary to calculate the monoisotopic 
spectrum. This is possible if the rela tive abund­
an ces of the lead isotopes are known. For reason s 
tha t will be apparen t in the following pages the iso­
topic abundances must be computed from the same 
mass spectrum. From the spectrum in the mass 
range 204 to 209 (table 1) it is obvious that hydride 
ions are presen t in addition to the atom ions. An 
approximation of the hydride abundan ce is given by 
the ra tio 209/208; namely, 5.73/66 .2= 0.087. No 
dihydride was observed, and i t is estimated that the 
ratio PbH2+/Pb+ is less than 0.002 . Therefore, the 
approximate monohydride contribution to mass 208 , 
is calculated from the 207 peak as 28.5XO.087 = 2.2 . 
Thus the more accurate PbH+ /Pb+ ra tio is given by 
5.73/64.0 = 0.090 . Using this ra t.io , the hydride con­
tributions were calculated find subtracted from th e 
207 and 208 peaks. The mole percentages of the 
Pb?04, Pb206, Pb207, find Pb208 ions were computed. 
The first row of t able 2 gives the mean values thus 
obtained for tetramethyllead from four independen t 
spectra. The mean deviation expressed in this and 
following tables is merely an indication of the repro­
ducibility of the data . The estimated accuracy is 1 
percent of the value for the principal isotopes and 
5 percent for the rare isotope. Also included in 
table 2 are the isotopic abundance values for " com­
mon" lead reported by White and Cameron [9] and 
the extreme abundan ce values for lead ores reported 
by Nier [5]. 

The mean values for the isotopic abundance ob­
served in tetramethyl lead were used in computing 
the monoisotopic spectrum, starting at the heavy­
mass end of each ion group, by computing the con­
tribu tion of each isotopic ion to the total ion peaks 
as illustra ted by table 3. Columns 1 and 2 repeat 

T A B LE 2. Mole percentage of lead i sotopes 

Mass _________ . ___ .___ __ _ ___ ______ _ 204 206 207 208 

P b (CH 3) . _________ __ __________ ____ 1. 31 26.79 20.55 51. 35 
M ean deviation _____ ___________ . ___ ± .02 ± .O4 ±. 04 ±. 06 

Pb (C,H ,k _______________________ _ 1. 36 25. 42 21. JJ 52. 10 
Mean deviation ______ _______ _______ ± .01 ± .05 ± .02 ±. 03 

Whi te and Cam eron [9] ; PbCI" 
"common lead" __ _______________ _ 1. 3i 25. 15 21. 11 52. 38 

N ier [5] ; P b I" Galen a, Ivigtut , 
Greenland _______ _______________ _ 1. 55 22.51 22.60 53. 34 

Galen a, J oplin , Mo _________ ._oo ___ 1 1. 23 2i. 52 19. 81 51. 43 
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the Pb (CH 3)+ portion of the polyisotopie spectrum 
given in table l. The ion at mass 224 is entirely the 
r esult of HPb208CH3+ ions. The abundance of this 
ion (0.40) times the relative abundances of the lead 
isotopes (obtained from table 2) gives the contribu­
tions of the isotopic ions3 listed in column 3, table 3. 
The calculated contribution of the HPb207CH3+ ion 
(~.16 ) subtracted from the observed 223 peak (85.3) 
glves the abundance of the Pb208CH3+ ion (85. 14) . 
Again the r elative abundance values of the lead i 0-

topes are us cd to calculate the contributions of the 
isotopic PbCH3+ iOllS listed in column 4. Similarly 
~he contributions of the PbCH2+, PbCH+, and PbC.? 
IOns are obtained and listed in the columns indicated. 
In this case, there are four checks on the accuracy of 
the calculation at masses 216, 217, 218, and 219. 
Column 8 shows th e differ ences between the sums of 
the computed contributions a nd th e observed abun­
dal~ces of thes~ {om peaks. The agreemen t is entirely 
satIsfactory, smce errors ar e cumulative and some 
deviations arc expectcd on th c small peaks. 

T ABLE: 3. Calculation oj the Pb (CI-Ia)+ portion oj the mono-
1'solopic spectrum of telramethyl lead Jor 70-v elecl1'ons 

216 0.03 0.02 O. Ol 
217 . 08 0.07 . Ol 
218 .62 0.15 . 45 .02 
219 3.98 2.17 1. 45 .35 .01 
220 5. 13 0.01 3. 14 1. 11 7 
221 49.6 44.42 2. 'lJ. 2.71 
222 40. 3 . 2l 34. 07 6.02 
223 85.3 . 16 85. 14 
224 . 40 . 40 

1---'----1-------------------
'rotal ioni za-

t ion___________ 0. 78 165.80 I I. 72 5. 40 1. 69 

The total ionization of the isotopic ions is given at 
the bottom of the appropriate columns. Similar 
calculations were made for the Pb+, the Pb (CH 3)2+ 
and the Pb (CH3)3+ r egions (the mall peaks in the 
Pb (CH 3)4+ region were summed direc tly.) The 
summatIOn values were normalized relative to the 
most.abundant ion, Pb (CH 3)3+' These values ap­
pear III columns 2 and 5 of table 4. The abundance 
of the hydrocarbon ions was also normalized r elative 
to the Pb (CH 3)a+ ion and is included in this table. 
Similar calculations on data obtained with 50-v 
electrons differed only in that the ratio PbH+jPb+= 
0.094 was used to compute the abundance of the 
lead isotopes. 

In tetraethyl lead, the ratio PbH+jPb+ was 0.S8 
and 0.95 , respectively, for 70- and 50-v electrons as 
d~ter~ined from the polyisotopic spectra. No 
dlhydnde was observed, and it is estimated that the 
ratio PbHt jPb+ was less than 0.002. The m ean 
mole p ercentages of the lead isotop es determined for 
tetraethyllead are given in the second row of table 2. 
The monoisotopic spectrum for 70-v electrons 
calculated as described above appears in columns 3 

:" Isotopic ions" a.rc defined as ions identic9.1 in specie and number of constitu· 
en t atoms but differing in the isotopic weigh t of one or more of the constitu en t 
atom s. 

TAB I. E: 4. NT onoisotopic spectra of tetrarnethyl and tetraethyl 
lead Jor 70-v electrons 

Relative intensiti es Helative intensities 

Ion Jon 
Pb(CTI ,). Pb(C,R ,). 

C_________ 0.16 0.04 PbC _____ 0.87 0.03 
CR _______ .39 . 05 PbCU ____ 2. 78 . 22 
CTI, ______ 1.33 . 14 PcCH , ____ 6.03 .62 
CR ,____ ___ 6. 27 .27 PbCJ iJ ___ 5.3 . 18 
OR . _____ .. . 13 . 02 PbCU, __ __ .37 

.03 P hC, . 03 .03 

. 09 PbC, If~-:: . 14 .55 
0, _______ _ 
O,R ______ _ 
O,R , ___ ___ . 09 . 97 PbC,JJ3 ___ .05 1.09 
O,R ,______ .24 3. 95 PbC,TI . ___ .38 
O,R .______ . 15 1.13 PbC,TI , __ .55 100.0 
O,R , ______ .09 2. 44 PbC,U .... 24.8 .62 
C,R . ____ _ .05 PbC,R , ___ .25 

O'R 2 ____ _ _ . 03 PbC,lI, ___ .38 
O,R , _____ _ .16 PbC,H , ___ l.07 
O,R . _____ _ .03 PbC3TJ,. __ 100.0 
O,R . _____ _ .54 PbC,TI IO .33 
O,R ,_. ___ _ .16 
O,IT, ____ _ .50 P bC.JI , ___ .22 

PbC.TI ,o 14.3 
.03 PbC.TI II : 3.12 O.TI , ____ ._ 

O.Fl, ____ _ . 05 PbC,] 1,, __ . 20 
O.R , _____ _ . ll 
O.U , ___ . __ . 14 PbC,n " . 14 c.n. _____ _ .73 "bC,n " - 71. 8 
O.U IO ___ _ . 04 .PbC,n lO - .5 l 

44.8 PbC,rr" . 10 
39. 7 PbC,Jl 20 : .27 

Pb _______ 64.0 
PbTI ______ 5. 74 

and 6 of table 4. Twelve small peaks of doubtful 
origin in the mass range 69 Lo 101 have been omitted. 
These were all con iderably less than 1 percent of the 
maximum peak. 

Three peaks due to m eLastable Lransitions were 
also omitted. These were observed to have apparent 
masses of 190.4, 211.2 , and 239.9 with abundance 
of 0:21 , 0.20 , and 0.25 percent, respectively, of the 
:n:axunum peale They were ascribed to the transi-
1-1ons (295+)-'?(266+) + 29 , (266+)-'?(237+) + 29 , and 
(295+)-'? (237+)+ 58. No doubly ch arged ions were 
observed. The sensitivity of the maximum peak 
rclatlve to Lhe n-butane maximum peak was 1.26 
at 50 v . 

. Monoiso Lopic spectra of dimethyl, diethyl , and 
d,-~-butyl m ercury were calculated from the polyiso­
tOp iC spectra by the method used for the lead 
compounds . :Monohydrides of the atom ions were 
observed in each case, and a dihydride was apparent 
in diethylmercury. The ratio HgH+jHg+ was 0.117 , 
0.215 , and 0.04, respectively, for the m e Lhyl, ethyl, 
and butyl compounds at 70 v. The ratio was 0.118, 
0.225 , and 0.~4 fOT 50-v. elec trons. In diethyl 
mercury the dlhydnde ratIO HgHt /Hg+ was 0.01 
for both 50- and 70-v, and was estimated to b e less 
than 0'0.03 for t~e other two compounds. Using the 
appropna~e ratJOs, the mole percentages of the 
m ercury Isotopes were calculated as b efore. The 
mean values and the mean deviations for eaeh of 
the compounds are given in table 5. The isotopic 
a~undance of .mercury reported by Hibbs [6] and by 
N IeI' [7] are mcluded for comparison. 

In the computation of the monoisotopic spectra 
of the mercury alkyls, larger errors appeared in the 
mercury-hydrocarbon portion of the spectrum than 
appeared m the case of the lead alkyls. This was 
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TABLE 5. ....vIole percentage of mercury isotopes 
-

I 
]\>[ass ___ . ___ ._. ___ . 196 198 199 200 201 202 204 
H g(CH ,), _____ _____ 0. 17 10.05 16.S8 23. 12 13. 12 29. i 8 6.87 
Mean devia tion ___ ±.01 ±.02 ±. 03 ±. 04 ±. 02 ±. 06 ±. 04 

H g(C,H ,), . ________ .18 10.05 J6.86 23. 19 ]3. 05 29. i 9 0.91 
M ean deviation ___ ±. O ±. 08 ±. 02 ±. 09 ±. 08 ±. 09 ±. 05 

R g(n-C,n ,), _______ . J6 10.04 10.S6 23.06 J3. 15 29.86 6.S9 

I 
l\1can deviat ioll ____ ±. 04 ±. Oi ±. 03 ±. 08 ±. 07 ± .01 ± .05 

Hibhs [6]; H g vapor .16 10.02 10.92 23.10 ]3.22 29.72 6.84 

N icr [I ]; H g vapor. . J46 10. 02 Hi. 84 23.13 13. 22 29. 80 O. S5 

undoubtedly the result of the increase in the number 
of isotopes, and the fact that a major portion of the 
total ionization in the mercmy alkyls ",'-as contributed 
by hydrocarbon ions. For the latter reason, fom 
additional runs were made on dimethyl mercmy at 
pressures up to three times the normal operatin~ 
pressure of the mass spectrometer. The HgH+jHg 
ratio 'was unchanged, and no dihydride was observed. 
The isotopic abundance ratios were within the 
average deviations given for dimethyl mercmy in 
table 5. 

The major portions of the monoisotopic spectra 
of the three mercury alkyls are given in table 6 for 
70-v electrons. The ion intensities are relative to 
the most abundant ion containing mercury since 
this is a more convenient basis for comparison. A 
number of peaks due to double ionization, metasta,ble 
transition, and rearrangement are omitt@d from the 
table. Some of these are described below. 

No metastable transitions were observed in 
dimethyl mercury. The only doubly charged ions, 
Hg++, were less than 0.5 percent of the HgCHt peak. 

TABLE 6. - Portions of the monoisotopic spectra of dim.ethyl, 
diethyl and di-n-butylm.eTcury fm' 70-v electron s 

Relative intensities ReJative intensities 

Ion 
Hg H g Hg Hg Hg Hg fun I I 

_____ (C_H_')_' _(C_' H_'_h _(C_.H_ ,)_' II _ ___ I __ «'_.-H_ ,_), (C,H ,), (C.H ,h 

C ________ 2.90 0.4 1.2 
CH ______ 5.11 .6 1.0 
CR , ___ __ 22.9 3.2 5. i 
CR, _____ 110 4.3 25 
CR , _____ --- -- -- - . OS .6 

C, _______ . 09 .2 .3 
C,R _____ .36 .3 2.1 
C, H, 3.93 23 32 
C,H , ____ 14. 3 lI3 215 
C,R . ____ 6. 19 44 126 
C,R , - -- 7.36 390 41 5 
C,R , - -- . 20 1.4 

C, _________________ .____ .6 
C,R ___ __ ________ .4 4.7 
C,R , ___ ________ .0 10 
C,R ,____ ________ 2.5 107 
C,R . __ __ ________ .2 14 
C,R , ____ ________ 4.7 401 
C,H . ____ ________ . i 4l 
C,H , ____ ________ 9.2 16G 

C. _____ __ ________ ________ .5 
c,n _____ ___ ___ __ . OS 2.8 
C,H, ____ ____ __ __ .2 11 
c.n, ____ _ __ __ __ . 2 11 
C,R , ____ _____ ___ . OS 3.6 
C,H s____ ________ . 2 15 
C,R , ____ ________ . OS 5.4 
C,R, ____ ______ __ . 4 47 
C,R. ____ ________ .3 121 
C,R. ____ ________ . ! 616 
C,R,. ___ ____ ____ 3. 1 

C,H ,,__ __ ________ ________ 5.4 
C' H ll_ ___ ________ _____ __ _ 11 
C,H 12 ____ _______ _ ________ 2.0 

CoR u ___ . ________________ 14 

C' R 17 ____ ________ _____ ___ . J 
C,R I8 ____ ________ ________ 2.3 

Hg _ _____ 41. S 
RgR ___ 4.S0 
R gR , __________ _ _ 

HgC _____ 2.81 
HgCR ___ 5.93 
HgCR,__ 13.7 
RgCR, __ 100.0 
HgCH,__ . 44 

68 100 
14 5. 1 

.7 _______ _ 

.5 1. 5 
6.2 3.4 
2.8 .8 

H gC,R . _ ________ 13 J8 
RgC,R , _ 1. 36 100 J3 
H gC,R , _ 40. 2 12 

HgC,H ,_ ________ 1. 5 9.7 
RgC.H " __ _____ _ 83 1. 7 

R gC,H u_ ________ __ ______ 1.8 
RgC,R ,,_ _______ _ ______ __ 3.4 

HgC,H 17_ ____ ___ _ ________ 2.4 
RgC,R I8 . _______ _ ________ 51 

The sensitivit~T of the CHt ion relative to the 
sensitivity of the n-butane 43 peak was 1.1 at 70 v. 

In diethyl mercury the one metastable transition 
resulted in an ion with an apparent mass of 25 .1 ana 
an abundance of 0.3 percent relative to the H gC2H t 
peal;;:. The sensitivity of the C2Ht ion relative to 
the 43 peak of n-butane was 1.9 at 70 v. 

Three metastable transition peaks were observed 
in dibutyl mercury with apparent masses of 37.1 , 
29 .5, and 25.1 and respective percentage abundances 
of 0.4, 1.4, and 0.4 relative to the Hg+ ion. These 
were attributed to the transitions: (4 1+) --7 (39+)+ 2, 
(57+)--7(41+)+ 16, and (29+) --7 (27+)+2. Doubly 
charged ions, C4Ht +, C4Ht+, and Hg++ were ob­
served with the respective percentage abundances 
1.2 , 0.2 , and 2.9 relative to the Hg+ ion. The 
sensitivity of the C4Hgt ion was of the order of 10 
times the sensitivity of the 43 peak in n-butane. 

4 . Discussion 

4.1. Isotope Assay 

The precision of the isotope abundance measure­
ments of lead using the tetramethyl and tetraethyl 
compounds is indicated by the mean deviation given 
in table 2. An uncertainty of 1 percent in the mole 
percentages of the principal isotopes and 5 percent 
in the rare isotope is principally the result of errors 
in the recording system. The small residuals in 
the calculations illustrated by table 3 indicate a 
high order of accuracy in the correction for hydrides 
and the computation of the isotopic abundance. 

The abundances obtained using the tetraethyllead 
are in good agreement with the values reported by 
White and Cameron for "common" lead chloride. 
The abundance values obtained for the tetramethyl 
compound differ from the values for tetraethyl lead 
by an amount greater than the uncertainty in the I 
two measurements. They are more nearly in agree­
ment with the values reported by Nier for lead ob- . 
tained from galena of Joplin, Mo. Differences like 
this are to be expected, as commercial lead will 
usually be a mixture of leads from many sources but 
sometimes lead from one source will predominate. 

Both the tetramethyl and the tetraethyllead appear 
to be suitable compounds for the isotopic assay of 
the element. 4The higher vapor pressure of the te(,­
ram ethyl lead is an advantage in the speedy removal 
of samples from the reservoir, Unlike the inorganic 
lead halides, conventional precautions for pumping 
out the lead alkyls are all that is required to prevent 
memory effects. Inlet systems without lubricated 
stopcocks are expected to be superior in this respect 
to the sample handling system used in this research . 

The precision of the isotopic abundance measure­
ments of mercury using dimethyl, diethyl, and di- I 

butyl mercury is indicated by the mean deviations 
given in table 5. The estimated uncertainty in the 
abundance of the principal isotopes is 1 percent of 
the value. The uncertainty in the rare isotope is 

, After this paper was written, Collins, Freeman, and Wilson [12) reported the 
use of lead tetramethyl for mass spectrometric analyses in the isotopic lead 
method for the 'determination of g~ological ages. 
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about 10 percent of tbe value. The agrccmcn t be­
tween the valu es obtained by using thc mcrcury 
alkyls is very good , and they agrcc well wi th values 
ob tained b!' Hibbs and by Nier , using mercury 
yft])or. The consistency of the resul ts for three very 
diiIeren t molecules shows that the correction for the 
contributions of the hydride ions can be made with 
prccision. It also shows that in these measuremen ts 
made with diff'eren t instruments and techniquee 
there is no evidence of instrumen tal selectivity for 
ions of differen t mass. As our measurements . were' 
made by electrostatic scanning, any selectivity 
would tend to mak e the heavier isotope peak too 
small. Hibbs used magnetic scanning, which is not 
sub:j ect to this effect, whereas Nier calibrated for 
discrin inative effects with carefully made syn thetic 
iso tope m ix tures of A3G and A40. 

Schaeffer rIO] has recen tly published data showing 
In,rge discrimination effects in a 60° mass spectrom­
eter when the isotopes of kr:\'p ton were measured 
using elec trostatic scanning. The p resent results 
wi th mercury conflrm previous evid ence that in the 
J 80° Consolidated mass spectrometer this discrimi­
na tion is negligible for most isotope measurements. 
BerT!' [11] has also demonstrated this to be the case 
over a wide range of ion-accelerating voltage when 
the ion are formed with little kinetic energy. 

4.2 . Dissociation Probabilities 

Th c mass spectrum of tetramethylleacl is like that 
o f 2,2-dimethylpropane [2] in several respec ts. The 
rela tive abundance of the molecule ion is small, 
and th e most probable dissocia tion is the loss of one 
n ethyl group . Ho\,rever , the large abundance of 
th e Pb+ ion (fortunate from the standpoin t of iso­
topic assay) illustra tes a marked difference resul t­
ing from the substi tution of a heavy metal atom for 
the central carbon a tom of the hydroearbon. 

The ratio Pb (CHa)t/Pb (CI-I3)t observed in this re­
search is about ten times tbat repor ted by Hipple 
and Stevenson [4]. This is to be expected , however , 
since the ion source used by Hipple and Stevenson 
operated at nearly room temperature compared to 
the operating t emp erature of 285°C for the source 
used in this study. 

The relative probabilities of dissocia ting one and 
three methyl groups are nearly equal , whereas the 
probability of dissociating two methyl groups is much 
smaller . Ion peaks resulting from the dissociation 

, of one or more hydrogen atoms from the lead-methyl 
groups are small , as are the hydrocarbon peaks. 
This results in a comparatively simple spectrum, 
with the Pb (CH3); and the Pb (CHa)+ ions being 
t he principal con.tributors to the total ionization. 

The ions PbH, HPbCHa, HPb (CH3)2, and HPb 
(CH 3)3 involve a rearrangement of H a toms in the 
ionization process , The very small h. drocarbon 
peaks containing two carbon atoms also involve a 
rearrangement of t wo meth?l group in the ioniza­
tion process. The reI a tive intensities of the latter 
ions indicate that they are not the result of a hydro­
carbon impurity. 

Excep L for Lhe 10 \\- abundance of the molecule ion , 
wbich is almost a lways associated with t his type of 
)'rmncLry, Lbe mass spectrum of tetraethyl lead is 

qui te un like Chat of its carbon analog, 3,3-diethyl­
pen tane [2]. It is, however, qua litatively similar to 
the tetramethly lead spectrum . The rehttive prob­
abili ties of dissocia ting one and t luee ethyl gro ups 
is reversed , the latter being the more p robable in 
the tetraethy l compound. As in tetramethyllead , 
a relatively simple spectrum is ob tained wi th the 
Pb (C2R 5)+ and the Pb (C21-1;;); ions con tributing the 
major portion of the total ioni zation . The ab un­
dance of fragmen t ions invol ving dissociation of hy­
drogen atoms or methyl ra,clicals is relatively small . 

As in tetramethylleacl we :Find fragmenL ions con­
ta ining one addi tiona,l H a tom. These are P bH 
H P bC2H5, R Pb (C2Hs)2, and H P b(C2Hs)3; and the 
first and third arc mu ch more abunda nL Lhan the 
analogo us ions in the tcLrameLhyl specLnun. The 
presence of hydrocarbon ions con Laining Lhree and 
Jour carbon a toms indica tes a rearrangemen L of ethyl 
rad icals in Lhr io niza ti on process analogo us 1,0 the 
formation of Cz ions from mcthyl radi cals in the 
teLrameLhyl spectrum. H owever , uniden Ldied trace 
impuri Lies m.a.\' contri.butc 1,0 Lbese peak , 

Th e mass spectra of the Lh ree mercury aJ kyl are 
significanLly d ifl'crcnt from Lhe lead alkyls in several 
respects. A large fraction of Lhe total ionizaLion in 
each case is con Lri buLed by Lhe hydrocarbon ions, 
the maximum peak in each case being the hydro­
carbon ions. CR ;, C2Ht, or C4H;. Al 0 , the 
a bundance of Lhe molecule ion is of Lhe sarne order 
of magni tude as that of Lil e ba e peale Thi is a 
di.stinct difference betwee n the mercury and Lb c lead 
co mpounds. 

As in the lead alkyls, monohydrides of the meLal 
ions were ob ervecl , A dihydridc, H gH i \Va ob­
se rved in the case of di eLhylmercul'Y only. A num­
ber' of pectra of dim.ethyl-mcrcury ob Lainccl over a 
range of press ures up Lo three (im.es Lhe normal op­
erating pressure of thc mass pectromcLel' showed 
that tbe ratio H gH +/H g+ was constan L . . This is 
evidence LhaL the metal hydride is formed by in tra­
molecular rearrangement ra.ther than by recombina­
tion. The abundance of the hydrides in the mer­
cury-alkyl portions of the spectra was less accurately 
mcasured bu t also appeared to be co nstant over the 
pressure range. Identi:Ficati0n of ome of these ions 
is unccrtain, par ticularly in the dibu Lyl m.ercury be­
cause of the low relative abundance of th e mercury 
alkyl groups. The low abundance of H gC4H; in 
the dibutyl spectrum is un expected, for in this 
respect it is unlike t he other two compounds. 

In addi tion to the hydrides, hydrocarbon peaks 
involving rearrangements are observed in all three 
spectra. As in the lead compounds, methyl , ethyl, 
and butyl radicals apparently rearrange to form C2, 

C4 , and Cs hydrocarbons, respectively. However , 
identification is uncertain because of the small size 
of the peaks and the possible contributions of 
suspected hydrocarbon impul'i ti es. 
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4 .3. Chemical Analysis 

The sensitivity of the most abundant ions in 
tetramethyl leaeI' and tetraethyl lead is of the same 
order of magnitude as the sensi tivity of the most 
abundant ion in most hydrocarbons. A commercial 
gasoline commonly contains a few hundredths of a 
mole percent of t etraethyl lead. Consequently, th e 
peaks cOlTeRponding to the PbC2Ht ion will be a 
few hundredths of a percent of the maximum hydro­
carbon peak. The 21- 102 Consolidated mass spec­
trometer has a sensitivi ty of about 0.01 per cent of 
the maximum peak, and this is scarcely adequate 
for quantitative measurements. The new 21- ] 03 
instrument, however , has about 10 times this sensi­
tivity . A preliminary test with a 21- 103 instru­
men t on a gasoline containing 2.5 ml of tetraethyl 
lead per gallon, or about 0.045 mole percent , gave 
PbC2Ht peaks tha t could be measured with a 
precision of about 2 percent. Further investigation 
of this point is under way in this laboratory . In­
struments made b.\~ the General Electri c Co. and by 
the :Metropolitan Vickers Co. have comparable 

sensitivity and are pr obably of equal yalLle for such 
analyses. 
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