CHAPTLR IV
EXPERIMENTAL RESULTS AND DISCUSEIONS

4.7 The Study of the Mass Spectrometer.

4.2 Using KC)l as the Salt tc be Investigated.

The arrangemznts inside the body of the instrument were
as follows 31-
the radius of the defleecting path of peoszitive ions = 4.0 c¢nm.

0-.02 em.

the width of the siit 5, =

the width af the slit SE = 1.38 en,

the width of the slit 83 = 0.12 em.

When the presaure cof the vaocuum systom was below 10-5 Mol

of mereury, the magnetic ficld strcngth 3100 EaUSS was applied hy
using the magnel current of 9.6 amp; d.¢. Due to the heating
curreant of 2 amp. sn,c, 2nd the approvriate accelerating voltage,
potassium ions emitting from the heated KC1 on the tungsten filament
deflected in a semicircle and then reached the ion c¢ollecter. Tho
ion eurrents were measured by the Avometer in conjunction with the
rzAaguring amplifier. The accelerating voltage varied and the ion
currants measured were pecorded. The results were tabwlated in
Table %=1 and their relotion was shown in Fig. 11. From Fig,17,

tile resulte were obtained as follaws -

1. The two adjacent peaks were observed corresponding to
‘tha accelerating voltage 179 volts and 189 volts. By calculatiag

from Zg. {2.7), it was found that the accelerating voltage 179 volts

and 189 volts corpesponded to the atomic mass 41.4% a.m.u and 39,2

a.m.y respectively. Therefore thg separation of the isotpes Kﬁg, th
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Table 4% - 1 the potassium ion currents and the accelerating

voltapges.

Accelerating Voltages{ Ion Currents

Volts X 1072 hmps -
150 0 + 0.03
170 0 + 0.03
176 0.09 + 0.03
180 .21 + 0.03
182 0.03 + 0.03
186 0.9 + 0.03
190 1.89 + 0.03
195 0.3 + 0,03
200 0.03 + 0.03
210 0 + 0.03
230 0+ 0.03

The width of the =1iit 51 = Q.02 cm.
The width of the slit 52 = 1,38 cm.
The width of the slit &, = 0.12 cm.

3

Magnet current 9,6 amp. d.c.

"
]
)

Heating current AMP. 3.C.
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wac indicated.
2. From the arcas below the K39 and Kh1 peaks, the relative

29 and Ku1 was found to be 94,35 & and 3.5 %

isotopic abundance of K
respeckively.

. The tctal image width wags O.14% cm. The resclving power
calculated by Eq. (2.13) was 29. Hevertheless, the half width ot
the base of the Kjg peak was= 6 volts and by_Eq._{2.14}, the regolving
power was 31. This showed that the proepurtionnl error of the result
Sey boe up to 3.2 %,

The probable error of Lhe aotomic mass of the potassium iﬁn

may be calculatcd from Eq. (2.75%) and Bg. {2.17). From Eq. (2.17),

the value of (&B)E was 0.000859, by substituting
B .

M = 50 pillihenry 33 &M = ©O

I = 10 milliaap. i &I = (0.1 milli amp.
ec = Lhob ocon, : AT = 0,01 cm.

ﬁ = Q.% cm. . 882 - 0.01 cm.

N = 30 turns i AN = 0

r o= 1.4 em, i Ar = 0.008 en.

Then frem Eq. (2,15}, the ratic Am was 0.058 by substituting
m

&E)E = 0.00085%
B

E

0,005 cn.

4.0 cm. SR

v

179 wolts, OV 1 volt.

H

Hence the erreor of the result, resulting from the dimensions of

the instruments maybe up to 5.8 %.

4.%b Using Li 50, as the Salt te b Investigated.

In the case of LiEEOu, the magnetiec field strength of 1500 gauss



was applied by using the magnet current of 4 amp. d.c.. The heating
current was 2.8 amp. e.¢. The ion currents and the accelerating
velages were recorded in Table 4 - 2 und their relation wes shown

in Fig.12. JTrom Fig.12, the results were obtainsd as follows :-

1. Two peaks were observed corresponding to the accelera-
ting voltage 248 volts and 289 volts. From Eg. (2.7), it was obvious
that the accelerating voltage 248 volts and 289 volts corresponded
to the atomic mass 5,9 a.m.u4 and 6.0 a.m.u. respectively. Thus the
separation af isctopes Li?, Li'5 was indicated,

2. From the areas belew the Li?:and Liﬁ peaksa, the relative

?-and Li6 wzs 90.9 % and 9.7 ¥ respectively.

isotopic ubundance of Li
3. The halfl width at the base of the Li’ peak was 8 volts

amd by Eq. (2.%4}, the resolving power was %*1. This showed thet

the proportional error of the result may be up to 3.2 %,

The probable error of the atomic mess of lithium ions may

be calculated from Eq. (2.15) and Eq, (2.17). From &g. (2.17), the

ralue Gf( A B)E was 0.000875, by substituting &AM = 0 ; AN = 0
B
I = 10 pilliamp. ;3 AI = 0.1 wmilliamp.
el = 2.2 cm. i AC = 0.07 em.
B = 0.4 ¢n. 3 -"—‘*-}5 = 0.01 e¢m.
r = 1-l+ Cihia H &r = D«OOB CE.

Then from Eq., (2.715), the ratic Am was 0,059
Ik

by substituting (.a E)E =  0.000875
B
R = 4.0 cm. s AR = 0.00% cm.
v = 248 welts ; A&V = 1 wolt,
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Table 4-2 The lithium ion curreats and the accelerating voltages.

]
hegelerating Voltages I Lo currents
Volts. | x 107"% inps.
220 0 + 0,03
; 230 o] £ O.03
240 0.2 + Q.03
248 1a2 +  0.03
250 0.96  + 0,03
255 0.09 = 0.0%
260 Q.03 4+ 0,03
270 0 £ 0,03
280 0 £ 0,03
28z 0.06 + 0.03
289 0.2% + 0,03
295 Q + O.03
310 Q +  0.03
The width of the slit Sq = 0,02 ¢z,
Tho width of the slit EE = 1,38 cm.
The width of the slit 53 = 0.2 em,.
Momnet current = 4,0 amp. d.C.

Heating current = 2.8 anp. 0.C.



AmpS:}

Yy

Ion Currents (X 110

7

The radius of the circular orbit = 4,0 com.

Magnetic ficld streungth

1500 gouss.

Li

i éw__iﬂ__J 1_% % %

W

' . L ! 1 L i i — i
210 220 230 240 250 260 270 288 290 300 310 320 330

Accelerating Voaltage {Volts.)

Fig.12 The Curve of lithium Ion Currents versus Accelsrating

Voltages,



38

iz a result, the arrer of the result due to the dimensions of the

instruments may be up to 5.9 %.

biie Usiﬁg.ﬂazﬁgh ag the Salt to be Investigated,

In the case of NaESin the mapgnectic field strength 2700 gauss
#a5 applied by using the magnet current of 8.2 amp,'dpc. The heating
current was 2.% amp. a.c. The ion currents and the accelerating
vnltgges were recorded in Table 4-3 and their relation was shown
in Fig, 13,

frew Fig.13, the psak was observed corresponding to the no-
celerating voltage 243 voits. By calculating from Eg. (2.%), the
accelerating voltnge 243 volts, corresponded to the ntomic mass

23

23.7 a.m.u. Therefore, the atomic masz of HNa was deternined.
Besides this, the hall width at the base ol the Ha_E} peak was § volts.
Then by Eq. (2.14), the resclving power was about 31. This showed
that the proportional error of the result may be up to 3.2 %.

The probable wrror of the atomic mass of sedium ion may be

calculated from Zg. (2.15) and Eg. (2.17}. Fron Eg. (2.7}, the

value of (f’—‘- B)E wag 0.000867 by substituting &M = 0, AN = 0
B
I = 10 milliamp. ; &4 = 0.1 millisap.
ol = - WA er. : Al = 0.01 cmo.
B = C.b enm. ; A3 = 0,01 cm.
r o= 1.4 en, 3 Ar = 0.008 cm.

Then from Eq. (2,15}, the ratic Am was 0.058 by substituting
in

0.000861

o Bye
3

Clnl:lﬂﬁ i e

b.0 zm. : OFR

¥ o= 243 volts i OV = 1 wolt.
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Table 4 - 3 The sodium ion currents and the accelerating veltages

Aecgelarzating Voltapes Ivn currents
Volts. X 10772 Amps.
210 0+ 0.03
230 0 + 0,03
235 : 0.3 + 0,03
240 1.5 + 0.03
244 2.4 + 0,03
248 1.2 + 0.03
255 0 +  0.03
270 0 +  D.03

The width of the s)iit 51 = 0,02 cma.
The width of the slit S, = 1.28 cm.
The width of the slit 5, = C.12 ca.

2
8.2 amp. d.c.

Magnet current

He=ating currant 2.5 amp. 2.c.
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inctrunents may be up to S.8 %.

b.1¢ Using BaCl, as the Salt to be investigated.

In the czze of EaClE, the magnetic fiecld strength 2500
gouss was applied by using the magnet current of 7.5 amp. d.c.
The heating current woas 2.8 amp. a.¢. The ion eurrents and the
accelerating voltages were recorded.in Table 4 - 4 apd their relation
wos showint in Fig.t4.

From Fig.1h therc was only vne flat topped peak. Thus it
wag difficult te point cut the exact accelersting voltage. HNoverw
theless, the accelerating valtiage of 35 volts was corresponding to
the point ot the half widih of the flut topped peak. From ¥g. (2.7],
the voltage 35 volt? cerresponded to the atamic mass 137.7 a2.0.u.
The half width at the base of the peak was 1.7 volts, Then, by
Bq. (2.7%) the resolving powar was about 31.

The probable gerror of the ntomic mass of barium mﬁy ba
celculated from Iq. {2.,15) and Eq. (2.17). From Eq. (2.17), the

value oi‘( pa E}E was 0.000862 by substituting AN = 0 3 AN = O
B

I = 10 milliamp. i A = Q.1 milliamp.
oL =z .7 cna. v Ao = 0,07 em.

)g = 0.4 em. i B8 = 0,07 cw.

r = 1o cm, i Ar = 0.008 cn.

Then from Zg. (2,15), the ratio ( o mJ was 0.058 by substituting
m

A B)E = 0.000862
5



Table Y~b The barium ion currentz snd the accelernting voltupges.

h2

Accelerating Voltages Ion Currents
Volts. x 10712 Amps.

31 0 + 0,03
33 o) + 0,03
3h 0.09 + 0.03
3. 0.3 + 0,03
h,7 0.6 + Q.03
%5.0 C.6 + 0.03
3245 0.6 + 0,03
375 .35 + .03
3G J3.03 + .03
37 C + 0.03
39 0 + 0.03

The width of the s1lit .‘E‘:-,T = J.02 anm.

The width of the =lit 5, = 1.38 cm.

The width aof the slit Sj = .12 cm.

Magnet current = 7.5 amop. d.c.

Hesting current = 2.8 amp. a.c.
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R 4.0 cm. 3 AR

il
1

0,005 em.

v 0.1 wolt.

35 vwalts ; Ay
Hence, the error of the result swing to the dimensions of the

instruments may be up to 5.8 %,

h.1¢ Using CaCO, 2s the Salt to he Investignted.
2 .

The magnetic field 2500 gauss wos applied by using the
magnet current 7.5 amp. d.c¢. The heating current was 3.0 amp. a.c.
The ion currents and the accelerating voltages were recorded in
Table 4 « 5 and their relation was shown in Fig.15.

From Fig.15, the results were obtained as ITollows :-

1. Two peaks were observed corresponding to the acceleprat—
ing voltage 108 volts and 118 volts. From EqQ.{2.7}, it was clear
that the accelerating voltage 108 volts and 118 volts corresponded
to the atomic mass 44.6 a.m.u. and 4%0.8 a.m.u. respectively. Hence

. . It 40 .
the separction of isntopes Ca and Ca wags carried out.
hty Lo
2. From the areas below the Ga and Cg peaks, the
. . . Gl 40 %
relative isotopic abundonce of Ca'' and Ca'” was 1.9 and 98.0 %
respeetively.

A+ The balf width at the base of the Gaho peak was o volts.
Then from Rq. (2.14), the resolving power was about 30.

The prebable error cf.the atomic moss of positive calcium
ions may be calculated from EBg. (2.15) and Eq. (2.77). The value
of (JQ-E}E was 0.000862. It was the same value as that in the use

B
al Baclp because of using the aame value of the magnet c¢urrent then
from Eq. (2.15), the ratio &m was 0.058 by substituting:

2 .
(gﬂ) = qnmmﬂﬁe
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Table 4%-% The calciuwr ion currents and the accelerating voltogeG.

icceleranting Valtages Ton currenta
Volts X 1ﬁ_ 2 AMPE a
g5 0 + 0.03 -
106 | 0 + 0,03
105 G.0F + 0,03
108 0,06 + 0.3
114 6 1+ 0.03
115 1.5 + 0.03
119 3.0 + 0,032
122 0.9 + 0.03
125 0.03 + 0.03
135 0 + 0.03

The width of the s1it 51 = 0.02 cm.
The width of the slit S, = 1.58 cnm.
The width of the s1lit S_.5 =z G.12 em.
Fagnet current = 7«5 amp. deoc.
Heating current = 3.0 aMpe GeCa



Ton Currents (X 1072 AMPS. )

€3

1.5

0.5

L&

% The radius of the circular orbit = 4.0 am.
I Magrgtic field strength = 2500 pauss
| 4
; Ca 0
i M
!
!
: ke
Gauh
. .____.,__.P”""““n._J s
__5'_ . [ i 1. - i 'y e [T =
Q0 95 100 1105 110 115 120 125 130 135 1LD
Accelerating Voltage {(Volis)
Fig.15 The Curve of Calcium Ion Currents versus Accelerating

Yoltages-

N n



47

B - 4,0 em., &R 0.005 om.

Ir

v = 1‘15 Uﬂlt-‘.ﬁp 'ﬁ.llulr D.E ‘nrl:,lt--u

Henee, the error of the result owing Lo the dimension of

the instruments wmay be up to 5.8 %.

.2 Discussions

In order to abtain a gned.vacumm systemr thers were several
factors te be coﬁsidereﬂ. In the first place, the body of the
instrucent sust be kept clezn free from dust . ard greese. Scoondly,
the 21kali salt coated on the tungsten filapment zhowld be abso-
lutely dry. Tairdly, the joints were v#cuum-tight.

If the pressure inside the ineruﬁcnt.ﬂid not fall below 10-5
w.m. 2f mercury, poaltive ions from the heated salt would cellide
with the atoms of tre residual goces and scoatter. For a given
element, ihe yield of positive jons from =z ceatbted filament_depends
strongly upon the chemical compound used, Hevertheless Lhe sults
used for the investigation Exc&pt-CaCDE were the suitable ones s
nentiored by Robert G, Macley (11}, The heating temperature of the
filament resulting from the heating currsat should ke nisgh enouzh,
sbtacrwise no positive ions could be released from the salt. The
slightly red glow af the end of the electrodes of the heating unit
was the indiesting poiet for appropriate temporature. Three slits
must be carefully adjusted, otherwise positive lons could not be
detected owing to missi;g the slits. The masse spuetrometor placcod
verpendicularly between the pole faces of the electromagnet, was
to be arranged properly so that the circular path of positive ions

wWasg whofly maintgined wnnder the influence of Lhe magnetiec field,
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Bventhough, the probable error which may be coused by the
dimensions of the. instruwent was sbout & %, the cxperimental

values cf the atomic masses of the iaﬁtupes {Ejg, Kh1, Liﬁ, Li?,

Na23 and Gaho, Caﬁh} were in good agreement with their mass numbers
and were good enough in comparison with those of E. Begre (20)
with the percentage of error about 1 - 2 %.

Yhe relative isotopic abundance of the element was somnetines
varied owing to the salt non-uniformly casated on the filament.
However the cxperimentzl vnluesof the relative izotopic abundances

it

of the potassive isctopes {Kjg, K ") , the lithium isotopes (LiE,Li?}

#D, Gahh) were satisfactory in conmpari-

and the calcium isotopss (Ca
son with those of E. Segre (20), 1In the ¢ase of the sodium isotopa,
there was only the NaE} peak. Hence the abundance ratio of sadium
isotope was iDﬂ %, |

The experimental walue of the resolving power of the instru-
ment was about 31 and it was nearly the same value as that of the
one caleculated,

The maximum ion currents of positive potassium ions werc
about 10~2 amps. and thosu of pesitive lithium, sodium, barium
and calcium iens were about 1O*12 amps. These showed that the
tungsten filament having work function greater than the ionizatien
potuntial of potassium atom would emit large quaqﬁitiea of potas-
sium ions. On the contrary, the lithium, sodium, bariuo and calcium
atoms hawving ionization potentials greater than the work function

of tungsten would emit small quantities of the approprizte ions,

The heating temperature of the filament was the important factor
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©f the emitting of positive ions from the heated salt, It was
found that if the heating temperature was raised higher, the heated
s2lt would emit larger amount of positive ions,

In the dutermigatiOn of the atomic mass ﬁf barivm ions, cne
:of.the alkali earth metal elemonts by using EaElE as the sample,
alfhe flat topped peak wns obtained. If the width of the flat topped
Peak was bisccted, the three points, one point at the middle and
the other two points at both rims were correszponding to the ned-
elerating voltages of 34.5 volts, 35.0 volts and 35.5 wolts, By
calculating from Eq. {2.7) those three voltages corresponded to the
atomic mase 139,77 B-0.U., 137.7 a.m.v. and 1%55.7 a.m.u. regpectively,
It was possihle that the instrument was not good eﬁnugh to separate |
the isotopes of barium 138, 137, 1%6, 135 containing in a large
~porticns, and of coursc the isotopes of barium 134, 132, 130 cohtain-
ing as very smnll cempositions in the barium salt were not detcoted,
By this reagon, the atomic masses of barinm isotopes were in the
range 139.7 a.m.u. te 137.7 a.m.us However, the point at the middle
of the width of the flat topped peal was reckoned at the accelerating
voltzpe 35.Q volts corresponding to the atomic mess of barium ion
137.7 a.a.u, Thisskowed that the atomic mass 137.7 a.m.u. belonged
to the atonic mass of barium 12Bshaving the nost relative isotopie
abundances in the barium salt.

In the determination of calcium isatopes, the two isctopes

4o
of Ca and 4:3.:-11!"&'L were detected, wheroag the izgtopes of Cnua, CaqjT

L&
Ca —, Caua could not be detected beocause of thair very small

abundance ratins in the salt. During the wperation it was noticeable

.-
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that the pressure in the vacuunm system was not as low as that when
other salts were used. It might be¢ due to the small ameunt of

GGE that would come out from heated GaCOj. Hevertheless, the
¢calcium tons were detectad.
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