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A CONVENIENT TABLE FOR DETERMINING METASTABLE
TRANSITIONS IN MASS SPECTRA

by

R. A, Meyer-!/ and D. G, Eumshow—2/

A table that greatly simplifies determination of metastable transitions in
mass spectra has been prepared. All the mathematically possible metastable transi-
tions of any compound whose molecular weight lies between 26 and 150 can be deter-
mined from the table without calculation. The method of utilizing the table is
described, using selected peaks from the spectrum of normal butane for illustration.

In the mass spectrometer, ions are formed in the isatron and accelerated through
a series of slits. Most of these ions reach the collector without further change,
but a few dissociate in transit to form new ions. These ions appear in the mass
spectrum at neither the mass-to-charge ratio (m/e) of the original ion nor that of
the new ion. A formula that relates the appearance of these new ions to the ion
from which they were formed is:

apparent m/e _ [Tactual m/e (new ion);72
(new ion) m/e (original iom)

A large number of trial-and-error calculations are required to select the peaks in-
volved in the metastable transitions in a given spectrum. To reduce the time neces-
sary for finding these transitions and to insure that all mathematically possible
transitions are considered, the table presented in this paper was prepared.

The numbers on the left of the table are the mass~to-charge ratios of the ions
before the transitions take place. These range from 26 to 150, The numbers across
the top are the mass-to-charge ratios of the ions formed by the transitions, These
range from 25 to 149, The numbers in the body of the table represent the apparent
mass~to-charge ratios of the metastable peaks. To condense the body of this table,
only the tenths and the first unit of each number have been included, and lines
between decades have been inserted. For example, at the intersection of row 58 and
column 43 the number 19 may be found. As it is within the space marked 30, as divi~
ded by the decade lines, the apparent mass-to-charge ratio resulting from this tran-
sition should be read as 31.9.

1/ Applications engineer, Consolidated Electrodynamics Corp., Pasadena, Calif.
2/ Physicist, Bureau of Mines, Region III, Laramie, Wyo.
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To demonstrate the use of this table, consider 5 metastable peaks occurring at
mass-to-charge ratios of 30.4, 31.9, 35.1, 37.1, and 39.1 in the spectrum of normal
butane. To be noticeable, metastable peaks usually involve the dissociation of ions
that are relatively abundant in the normal spectrum. In the normal butane spectrum
these are the mass-to-charge ratios 58, 57, 43, 42, 41, and 39. Therefore, a
straightedge is moved from row to row of original mass-to-charge ratlos whose
abundance warrants their consideration, and each transition whose apparent mass-to-
charge ratio is within * 0.1 unit of the metastable peaks under consideration is
noted. Thus in figure 1 a straightedge 1s indicated along row 58, the first abun-
dant peak in the spectrum of normal butane, The numbers along the straightedge
represent mathematically possible apparent mass-to-charge ratios of metastable
peaks, Two of these, 30.4 and 31.9, lie within * 0.1 m/e of the metastable peaks
selected for demonstration and would be noted. Moving the straightedge to row 57,
the next large peak in the normal butane spectrum, the only transition that corre-
sponds to one of the selected peaks is 37.1, A similar examination of rows 43, 42,
41, and 39, which are the other large peaks in the spectrum, gives the following 10
mathematically possible transitions for the 5 selected metastable peaks:

(1) 30.4 (587) - (42%) + 16

(2) 31.8 (43hH @™ + 6

+

3) 31.9 (581 » (43Y) + 15

4
N

%) 35.0 399 -+ @37H

(5) 37.0 (39 -~ (38N

+
—

6) 37.1 41ty -+ (39Y) + 2

(7y 37.1 (577) s+ (46N + 11
8) 37.2 (43 - (@oH + 3
(9) 39.0 (417 -+ (oh + 1

(L0) 39.0 (43Y) -~ (41Y) + 2

Several transitions result in similar apparent mass~to-charge ratios; however,
2, 7, and 8 can be eliminated because they require the formation of improbable
neutral fragments. Transitions 5 and 9 can also be eliminated, as data from the
literature3/ show that in instances where a metastable peak can be derived from a
transition with a neutral remmnant of either 1 or 2, the latter is far more probable.
Thus the best sources of the five selected metastable peaks are the remaining tran-
sitions that are underlined. They are 1, 3, 4, 6, and 10,
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Mass~to-charge ratios of ions after dissociation

34 |35 36 37 38 39 40 141 42 43 44 45 46 47 48 49

Mass to charge ratios of ions before dissociation

(3G9 9 |14 32 51 70
26 42 61 80

16 34 52 71 9
09 26 4 62 81 |00

0L 18 36 54 72 91] 10

9% | 11 28 46 64 82 01 20

88 |04 21 38 56 74 92 |11 30

82 98 |14 31 48 65 83 [ 02 21 40

76 91 |07 24 40 58 75 93] 12 31 50

70 85 |0l 17 33 50 68 85|03 22 41 60

64 79 95 |10 27 43 60 77 95| 13 32 51 70

59 74 89 |04 20 36 53 70 87|05 23 42 61 80
54 68 83 98 |14 30 46 63 8 97 |15 33 52 71
49 63 78 93 |08 23 39 56 72 89 |07 25 43 62
45 58 72 87 |02 17 33 49 65 82 99|17 35 53
40 54 67 82 9 |11 27 42 59 75 92|09 27 45
36 49 63 77 9L |06 21 36 52 68 85|02 19 37
31 44 58 72 86 |00 15 30 46 62 78 94|11 29
27 40 53 67 8L 95| 09 24 40 55 71 88|04 21
23 36 49 62 76 90 1'0471 [19} 3 49 65 8l 97 |14

- e - e - - - - - - - { N

20 30 40

Figure 1. - Portion of metastable table.

INT.-BU.OFMINES.PGH. . PA. 8228






<]

a
5 1
8L S.8
E o eE2
& = 25z
wo 2E:f
x5 St
< wEE
= &= o MNE
o v.nuw.r
) @ m
o w @
' @ w2 >

wSn®E

Qe EFoly
= g Mmmm
= 0 28 S
> ) mwO.L
w = E 2

<
ac W_M
& 2
a @
<

$ 23-ca9snses
% seczsnns

- - ]
s8asaan

Ky 22

N8 33azgRarssesane
% 323zs3ressa3an

& 2esRUr3assasn 2

eaRBI325=2ga8r88
SILE883

1o

2 23-cnz3ssgssnre=sazs
& secasnxe=gsssrressyss
1m fgasnnzgeLecgyessanssle
8 823nazyssrsgnssnzgSage
O 8§ gssnngfoccssgssncaEcens
NIRRT e Y e o 2239
83-gegressanagtezrssgcans
2gssrzsesanngiasresnasanns
Sgssrezsnn2gleergesszsansEs
8srea3sss=szsrecasassscgfeage
S 88rcoue3scgsioesangsanssezssess Q
2 gecavaz=gfEszrs 2523533
2 egazuns 2rgases 8axs23533s
% g33a8% s3g5aa>
o = 83%aa 223z2a52n .
S 2 osgazgEsessssnace -3 4 T -1 s
2 s’:gffSvssssanesgfarenzses S
2gcrIasagngeinecgnsanaangEasaesasy 9
Sgasrsisnacngsssresszsanssseacaansss
bt REEEET - FEE RS FEET LYy y PP pip e
] FeaspRssgRIragnsansnegearrsenec ansns
g Rt R Y (T P P P TErER L Y o
g LR R R b IR T P P LR T
s n3€Sressesan 83=nzgzfeszars
T8r38aIaans s3seez233 O
«®©

NO~OVONOMOn
BrrrrocOonNnNEeEn

oM © "t O O O e~
71‘“55‘.‘.3322

ax222a5%s

» N v NODdN
87‘”5"‘-

erzsgzeane
eggsease
L3 3
-~
".A

%

COnnen

ssfiEzx22232s
seaserssasssan

8801 14 27 40 53 67 81 9408 23 3

2
ss2ser3esa3ensfissseesansessans
rganskassesgEac ecssngses

T235e8c8nessas
S N LT L S22e-szesy
Izns 8 g reg23385533 @
2323232 rTesgs3gceaans
22282 TSR]
g2ss =223
sfes sssgfEs
scze Tes22g
eras sascre
2ggases ssecs3sag
svI¥83as 38-TREIss35e Q
o 2g28sse seesrzzgagnesess
s%v gges 85Ia2Isssass
S 85383 ereseaRa23335a R
& 22553 Sh3asITRESRGq] s
& Sserr-sgesa3seasnsnyanenssgdss
hmo o ceggs ggs22ces3ffsasss
X e ; S5333e83n28a3s ngssEenazsaase
R = 322a22ses8n8sR ssgszassaseer
82335 nssRgsne rezge
sv388n88sn2-zggyffeassssecresegess
’ K33toes3gSTassne e 28283303
& 383 sSn2ensgslsaasasr o88232an3222s AP
sRrsezaeesnaansesssgsfRes o ereggssangeevenng
SoRRsesnaRIRE e yearssneeres s ngse s,
2osoereo823332a83" R N L P e R T TR
e R R R Y T T L R L R L L L T LT T o
LR PR L LR R T T T b IRl R PP P r T T PPl
LR e L e b CF D =
R e L S e b L R P T T
segzzasesaNasn 3883323328 32823535380 2 esspgesosasan
geae cgazssaasannszy S R e e T I Y
g gscal Ssrzusssasasazssgess g328%2333383rensggedeazossnsarencs
2 groa3s eIzasI3sgase ZeTezsaangssmsnRanatnssngfeesssassee sy
2 egszzsss etk R e L S T Y T P R P e L LI o
R Rt e e T L T T P N T L EEL LT T T T T T ittt

83888

BeIIIIS8IRIST

" o
- O

sa8trgsans

-
3 23539

S 853928~

e8333¥A5323=:8583

TERCBR2TIIARRSS

282883 NnnE gy o~~~ © o n

23233228y

S¥B223IRRR= 2R8I~ LI5S

SERREInannaggy

2 3Fe3IRAI=Y

1133t E P Rt H R R R R (TR TR

R bt R e I R T R LR L P R R L R R LRI NI
R LIt [ L i r R e i I I L R L R LR R TSR TN e

B3TLITIANIRINIRGRARNAR

LV 2 33a3=sgesanezazsssnann’ e s i aoseng 22308283
H]

et e R e F R I I L L L R R R LR R T R Lo oL T
Ry I R R e e e R Y I R A I R R LR R R R R R L R R R R R E L
f R AR IR RN eI g8 P8R8 2252592593285 83azRe

2 2383Irgga33nnnn=2ge 233rxr-se33BRRLeIvIALARS2ANARNR
3 §a3PC8233IRA2 8I3RUBBIRANE32332228225235320882238R
2 BoPBGRIGAAR EBERIBIRRL2LIS22223933MAINIRNARAR
& SrgRseINAR2gRatIrrrE8E2222333S 2 0 RNASRS
2S338ax2n sadRTRE23L 3992382333 3R
LW & 3233R~38geasunrTrsyasnse3sanngnnIn :
& 3322 CgRlBLrre8IEIRTIIRARARRARS
& SARZBERBI~IEIIERINSEIARARRRAR
f2gRLITRBBE2ITISLISRRAR

« 8EBp2832d303893992339593839339383383¢8

3BBERBEEEER2LRES

(e3)

(81)

uumnmnnnuuuuuuuuumwwuﬂunuuuwuuuuuﬂuunnuuuwﬂuuuuuuuuuwnsso&wuuuwwnunuuuu

RS AR LR L - T E R R R

w

N N

AR e et reecRasInIRnnNe s T80 022283203%833 a5 0 asannens
]

SEEERE AT MRRE R P E R I H E F A E P L P L T
aalgatngggesa 1
S R e b A A R F F F E EE R L L L T
88BISRICBL8IR3223%%2%2%8893
Muuumnuuumuﬁunﬂuuunnuunnunnauwuu”mununuuunmuuuu-“nuuuwmwuuu
SRR RIS A LR R AR R E R R E R R LTS ST Y (TS
bt A R e R R N Y Y T IR B P A N
R et Nt A R PR TR TR R L R IS AT

nuﬁunnuunﬂuuﬂuwnunnnnuuuuwmumu,w»u1015:1000431nuﬂuuunnu,O
w,.un.nuuuunumuunuuuwuﬂﬂnnunuauuuununuuunwuuuuuuunwuuuuwnnnnnnuuunnnuuuﬁnu,I
: 823258802k err2238388235
2 nunuuawnnuuu:vnunuuﬂanuuucuunnuuuuuuuuuuuuunuuuuwnnunnunuuu»uuuuuuuana«uaw

~® o

v

©Onnann
o~~~

AL EEEE R 21 R A E R PR R R R LR L

ARRRIR=2253feeRa323RrP 2828223535935 25a0538

SARN25gI3832R882a59a33582 223y zs

LR XN
P
e3aReRRe822R8353sI LIRS INgE,

NN
L N ] o

888

nNDonwn *nn

s3olfepg822832s

3332235358732z tpee
38.8
S3ganuncgssssgageingse

11

sSs3sgeee

errrcrne8593

L I I S S

aal%5S

MN 64. READ 82. THIS

40 DECADE SPACE SO SHOULD

LI AR PR R AL LT 3
NN

e o MO NNITN

NUMBER LIES IN THE 120 DECADE SPACE SO SHOULD

FOLLOW ROW 143 TO COLUMN 134. READ 86. THIS
BE READ AS 125.6

EXAMPLES:
FOLLOW ROW
NUMBER LIES IN
BE READ AS 48.2
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