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Instructions for Use of the JARRELL-ASH MASTER PLATES

in Qualitiative, Semi—quantitative and Quantitative Analyses

I. DESCRIPTION.

Jarrell-Ash Master Plates are helpful
to the analyst in locating lines for spectro-
chemical analysis.

As Figure 1 shows, the master plate con-
sists of:

a. A wavelength scale, in 10A intervals,

b. The sensitive lines for 69 elements
and two bandheads for CN.

¢. A representation of an iron arc spec-
trum, Not all lines which commonly
appear in an iron spectrum are
marked since, in many regions, the
spectrum is too complex., At least
three lines for each 10A are marked,
and characteristic groupings of lines
are preserved as far as possible.

d. The identification of the elements in
two rows. This identification con-
sists of a dot opposite the line in the
top row, and an associated element
symbol, Several dots may be used
with one symbol if there are two or
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three close lines due to a single ele-
ment, This arrangement is shown in
Figure 1 at 2800A, where light lines
have been drawn from the dots to the
associated symbols,

The wavelengths numbered for every
100 Angstroms, shown as 27, 28, 29
ete. for 2700A, 2800A and 2900A,
and for each 10A between, eg 1, 2,
3, ete. designating, for example
2810, 2820, 2830 A.

II. THE USE OF THE MASTER PLATE IN
QUALITATIVE ANALYSIS.

The spectroscopist, generally, is not

interested in the specific wavelength of an
unknown line. Note in Figure 2, how the
reference master plate spectrum is aligned
with the unknown spectrum. The unknown
gpectrum was photographed in conjunction
with an iron are reference through a Hart-
mann diaphragm in the normal manner.
The relative position of the master and
sample plates was adjusted until the iron
gpectrum was in conjunction with the iron
spectrum of the sample plate.
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Figure 2.

Learn to identify quickly recognizable
patterns in the iron reference in your un-
knowns, such as the Fe triplet at 31004,
or the CN baridheads at 4216, 3883 and
3590, Then move the master plate to bring
this same pattern into exact alignment.
Since there are differences in the exact
focal length, there will be slight differences
in dispersion at the plate. The master,
made at a median dispersion, will seldom
match the unknown exactly. The compara-
tor microphotometer may have a magnifi-
cation adjustment for one beam, which may
" be adjusted to match the spectra of the
reference and unknown at one setting. How-
ever, as the plateholder is moved, the two
spectra will go out of alignment increasing-
ly. Therefore, each new setting will neces-
sitate a slight alignment adjustment. If
there are two 10" plates, each must be in-
dividually aligned.

In examining the spectrum of an un-
known sample, the spectroscopist should
not attempt to identify each line in the
spectrum or even all the prominent lines
present. Most of them will belong to the
matrix element or elements. Instead a

systematic search for the presence or ab-
sence of a line is conducted, The procedure
is as follows:

1. Start at one end of the master and
sample plates, or at some readily recog-
nized position such as 3100A, and examine
the unknown spectrum for the presence or
absence of the element lines marked in the
master plate, Refer particularly to the
lines marked by an asterisk in Table I
"Lines in Order of Wavelength," These are
the most sensitive lines in a normal D. C.
arc, and usually are the last to disappear
as the concentration is reduced, Accord-
ingly, if there is no line present in the
unknown spectrum opposite these lines in
the master, it is safe to say that the ele-
ment is absent, This fact should be noted
for the final report, but also for reference
in clarifying possible interferences, as ex-
plained later. Thus, '"Cd 2288 a" (absent).

If a line does occur in the unknown
spectrum, make a note of this fact. How-
ever, the presence of a single line is never,
in itself, sufficient evidence that the ele-
ment is present, It may well be a weak line



of the major matrix material whose wave-
length is identical with or close to that of
the unknown line, or it may be a strong line
of some other minor element. Judge the
intensity of the line visually and classify the
element's possible concentration by some
scale such as:

absent

trace

emall amount
moderate amount
large concentration

—B m e
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Tabulate this, as '""Be 2348, 8." Proceed
through the spectrum, tabulating all of those
elements which are definitely absent and
those which may be present, in their pos-
sible concentrations.

From Table II, '"Lines arranged accord-
ing to Element", select other lines for those
elements which appear to be present and
look for these lines. If three or four lines
of an element are found to be present in the
unknown spectrum, particularly if the lines
are prominent or the spectrum as a whole
is relatively simple, it.is safe to assume
that the element is definitely present. As
a rule of thumb, it is safe to say that if
three lines appear, the element is definitely
present; if two lines appear, there is some
doubt; and if only one line appears, the ele-
ment is present either in very low concentra-
tion or its presence is doubtful.

When only one line of an element ap-
pears and this line is not listed in wave-
length tables as one of the most sensitive
lines, it is almost certain that the line
found is not due to the element in question.
On the other hand, when only one or two
weak lines of an element are located and
these are the more sensitive lines, the ele-
ment in question may be present, In the
latter case, the presence of the element may
be confirmed by exposing the unknown sample
again through the Hartmann diaphragm with
a spectrum of a sample known to contain a
small amount of the element in question so
that the spectra are in juxtaposition. Strict
coincidence between the known lines in the
unknown and similar relative intensities can
often be regarded as positive identification
of the unknown element.

It is also possible to make a more posi-
tive decision for those elements for which
only one or two lines appear by investigating
possible interferences. Note the exact
wavelength of those lines which do appear
and look up in one of the various wavelength
tables, References 1, 2, 3, 4 and 5, the
possible elements which could interfere in
the wavelength interval involved. It is suf-
ficient to include only those lines which lie
within 1 A on either side of the line in ques-
tion. If none of these elements has been
identified in the unknown spectrum, it can
be assumed that there is no interference,
and the element can then be reported as
present. On occasion, all lines tentatively
identified will be found to have a possible
interference and it becomes impossible to
state definitely that the element is present.
This should be reported as such.

It must be remembered that due to lo-
calized stretch of the emulsion, particularly
on film, it may be impossible to obtain exact
alignment of the spectral lines. Even the
most authoritative wavelength tables have
ocecasional errors, particularly in ascribing
lines to the wrong element. This is especial-
ly true of the rare earths and heavy elements,
Accordingly, the analyst must be careful to
check all possible interferences before re-
porting his results. Experience in analyzing
various samples of the same general type
will show which lines may be relied upon
with confidence, but as soon as new major
or minor elements are encountered, familiar
lines must once more be confirmed as free
from interference.

If many qualitative analyses are to be
run, it is desirable to prepare a pre-printed
form listing the various elements to be looked
for, and their sensitive lines. A typical re-
port form might look like that shown in
Figure 3.

III. PROCEDURE FOR MEASURING WAVE-
LENGTHS.

The wavelength of a line can be estimated
visually to 1 A or better by noting its position
relative to the two adjacent wavelength mar-
kers, Usually this suffices to identify the
significant lines positively by reference to
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Figure 3,
the tables. However, there are times when In order to estimate the concentration with-

it becomes desirable to measure the wave-
length of a line exactly, This can be done as
follows:

1. Measure on the screen the distance
between the two wavelength fiducial lines
on either side of the unknown line. For ex-
ample, from the 2790A wavelength scale

mark to the 2800 A mark measures 30.5 mm.

This means that the reciprocal linear dis-
persion on the screen is 10 +30.5 equals
. 33A/mm,

2, The unknown line lieg 15.5 mm be-
low the 2800 A marker, so that it is 15.5
¥,33=15,12 A below 2800, or 2794, 88A,
which identifies it as probably Mn 2794, 82A,

Frequently it is more accurate to identi-
fy a prominent line in the iron reference
gpectrum of the unknown, and to measure the
separation between this line and the unknown
line. Thus, a prominent line in the Fe spec-
trum can be identified clearly from an iron
arc enlargement in Reference 3 or 6 as
2804.52A, Its separation from the unknown
measures 29.5 mm toward lower wave-
lengths, or 29.5x .33 =9.72A, The un-
lknown is, therefore, 2804.52 - 9, 72 or
2794, 80 A, which again identifies it as prob-
ably Mn 2794, 82A,

USE OF THE MASTER PLATES IN
SEMI-QUANTITATIVE ANALYSIS.

NI

Note that in Table I, many of the spec-
trum lines have an arc sensitivity listing.

in an order of magnitude, examine several
lines of one element and note which are
present or absent, For example, silicon
2881.6 has an arc sensitivity of 0.001% and
2435. 2 a sensitivity of 0, 1%. If 2881.6 ap-
pears and 2435, 2 is absent the concentration
lies between 0. 001% and 0. 1%. It must be
remembered, however, that many lines are
enhanced or suppressed by the matrix ma-
terial or other elements present in the ma-
trix. For this reason, any estimates made
on concentration must come not only from
information of relative arc sensitivities, but
also by experience of the spectroscopist with
various matrix materials. It is very im-
portant when estimating concentration that
some background be present in order to com-
pensate for differences in line sensitivity due
to variations in exposure, emulsion speed or
instrumental speed. Otherwise, a weak ex-
posure will hide some lines below the inertia
level of the emulsion.

USE OF THE MASTER PLATES IN
QUANTITATIVE ANALYSIS.

vl

. The Master Plates are also very useful
when setting up quantitative procedures
where a number of spectrum lines of known
wavelength must frequently be examined for
suitability. The iron spectrum and wave-
length scale of the Master Plates makes it
relatively simple to identify the analytical
lines. Use the procedure outlined in Section
III. However, most of the quantitatively use-

ful lines are not actually marked since they

often are not the more sensitive lines and
hence, are not useful in qualitative analysis.
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Wavelength

2135.976
+2138.560
2169.994
2203.505
22L6.995
+2288.018
2288.120
2304, 235
2311.469
2335.269
#2348.610
« 2349, 840
2383.250
+2385.760
%2427.950
2456.530
«2478.573
2496.778
+2497.733
2506.899
2524,118
2534.010
%2535.650
+2536.519
2553.280
-2554,930
2567.987
2571.391
2575.100
2576, 104
2595, 761
2598.062
2608.962
2614.178
2651.178
2652.489
w2659, 464
2663.166
2675.950
2678.758
2677.159
2710. 265
2714, 674
2719.653
2741.188
2767.870
2776.690
2780.197

TABLE I
SENSITIVE LINES ON 22-500 MASTER PLATES

LISTED IN WAVELENGTH ORDER

Element Arc Sensitivty (%) Comments

Cu Poor emulsion sensitivity
Zn Poor emulsion sensitivity
Pb

Pb Poor emulsion sensitivity
Cu

cd 0.001 Possible As interference
As 0.003 Possible Cd interference
Ba

b

Ba

Be 0.0001 Some self abscorption

As 0.0l

Te 0.03 Possible Sb interference
Te 0.01

Au 0. 001 Some self absorption

As

c

B 0.001 Possible Fe interference
B 0.001 Possible Fe interference
50

Si

P 0.3

P 0.1 Possible Fe interference
Hg 0.03 High self absorption

P 0.1

P 0.3

Al 0.03

Ir

Al 0.03

Mn

Mn

sb 0.003 Possible Fe interference
T1

Pb

Ge 0.001

Al i 0.03

Pt 0.001

Pb 0.0l

Au 0. 001

Ru 0.03

Cr

In

Ta

Ga

Li 0.01

Tl 0.01

Mg

AS 0.03



Wavelength

2794.817
2795.530
2798. 271
2801 . 064
2802.003
2802. 695
2820.224
2824, 369
2830. 295
2833.069
2835.633
%2839.989
2843, 252
%2852.129
2860. 452
2863.327
2870.413
2874. 244
*2877.915
+2881.578
2894,84L0
2896. Lub
2897.975
%2909, 061
2911.390
2916. 481
2918.32
2924,792
2929.794
2936.77
2938, 298
2941, 343
=2943,637
2944,175
2944, 395
2946,981
2961.165
3002. 491
3003.629
3020.640
3021.499
+3039.064
3039.356
040,846
3044, 005
3047.605
3050.819
3058, 660
3064.712
*3067.716
3071.591
3072.877
3082.000
3082.155
3092.713
3094.183

El ement

Mn
Mg
Mn
Mn
Pb
Mg
Hf
Cu
Pt
Pb
Cr
Sn
Cr
Mg
As
Sn
Th
Ga
Sb
Si

Lu

Bi
0s
Lu
Hf
TI
Ir
Pt
Ho
Bi
Fe
Ga
Ga

Cu
Ni
NI
Fe

Ge
In
Cr
Co
Fe
Ni
0s
Ft
Bi

Hf
Gd
Al
Al
b Ny

Arc Sensitivity ()

0.0001
0.0003
0.0001
0.01
0.001
0.001

0.0001
0.1

0.01
0.001

.01
.01

.03

o000

0.001

0. 001

0. 001
0. 001

. 003

001
. 0003

(=N =N =] L=

. 001
. 001
.01

===

Comments

Some self absorption
High self absorption

Some self absorption

High self absorption

Some self absorption

Some self absorption

Possible In interference
Possible Ge interference

Some self absorption



Wavelength Element Arc Sensitivity (%) Comments

3096.899 Mg

3102.299 v

3108.605 Cu

3110.706 v

3118.383 v

3122.781 Au 0.01

3125.663 Hg 0.3

3130.416 Be 0.0001 Some self absorption

3131.072 Be 0.0001 Some self absorption

3131.546 Hg

3132.594 Mo 0.001

3134,.718 Hf

3158.869 Ca

3170.347 Mo 0.001

3175.019 Sn

3179.332 Ca

3183.406 v 0.001

3183.982 v 0.001

3185.396 ] 0.001

3193.973 Mo

3194.977 Cb 0.03

3200.867 Ce

3208.834 Mo
& 3220.780 Ir 0.03

3224.430 £b-Nb

3232.499 Sb

3232.610 Li 0.003

3236.573 Ti

3242.280 YE

3245.120 La

3247.540 Cu 0.0001 High self absorption

3256.090 In 0.001

3258!551* !I‘I

3261.057 cd

3262.290 0s

3262.328 5n

3267.502 sb .03

3267.945 0s

3269.494 Ge
*3273.962 Cu 0.0001 High self absorption
»3280.683 Ag 0.0001 High self absorption

3282.333 Zn

3289.370 Yb

3302.323 Na 0.0l Possible Zn interference;

some self absorption

3302.588 In 0.01 Possible Na interference

3302.941 In

3302.988 Na 0.01 Possible Zn interference
+3311.162 Ta 0.0

3318.840 Ta

3321.086 Be 0. 001

3321.343 Be 0. 0001

3323.092 Rh



Wavelength

3331

3337.
¥3345,
#3349.

3349.

3353.

3361.

3372.

3382.

*3391

3396.
3Lo3.
+3404,
3405,
3406,
#3414,
3421,
£3434,
%3436,
3438.
3446,
3447,

3451

* 3453,
3456.
«3460.
3462,
3464,

3465

3466.
3472,
3474,

3492
3496
3498
3499
#3509
3513
3515
3516
3519
3519
3561

3590.

3600
3601
3601
3610
3613
3641
3642
3646
3650

.007
L88
020
035
Loe
734
213
800
891
.975
850
653
580
120
66k
765
240
893
737
230
370
380
.808
505
000
470
200
L57
.800
201
LBo
022
.956
.210
.942
.10k
.170
. 645
.054
.943
.24o
. 605
. 740
3

. 734
. 040
. 193
.510
.B36
.5408
. 785
.196
T

Ta
La
In
Ti
Ti
Sc
Ti

Ti

Ag
r
Rh
cd
Pd
Co
Ta
Ni
Pd
Rh
Ru
Ir
K

K

Re
Co
Ho
Re
Tm
Sr
Co
Cd
Lu
Co
Ni
Zr
Ru
Er
Th
Ir
Mi
Pd
T
Ir
Tb
cn
Y
Th
Zr
cd
SC
W

Sc
Gd
Hg

Element

(band head)

Arc Sensitivity (%)

0.01
0.0003

0.0003
0. 0001
0.001
0.003

0.0003
0.0003
0.003
0.001
0.001
0.001
1.0
1.0
0.003
0.003

0.03
0.001

0.001

0.001

0.1

Lomments

High self absorption

Possible Ni interference
Possible Fe interference

CN interference



Wavelength

3653.496
3672.579
3683.471
3685.196
3692.357
3692.652
3694, 203
»3710.290
¥3719.935
3737.133
3748.170
3761.333
3761.917
3768. 405
3775.720
%3798. 252
3838.258
3864.110
3883.4
+3891.020
3891.785
3905.528
3906.316
3907.476
3933.666
3944, 032
#3949, 106
3951.154
%3961.527
3968. 468
3987.994
39B8.518
L4000, 454
L008.753
L4p12.388
% 4019.137
Lp23.688
» 4030. 755
L033.073
Lo34. 490
LoLko. 762
LoLk, 140

Lohs.983
Lok6. 561
Lok7. 201

«4057.820
4058.938
Lpe2.817
Lo77.714
L077.974
4079.729

Element

Ti
u
Pb
Ti
Rh
Er
Yb
Y
Fe
Fe
Ho
Tm
Tm
Gd
T
Mo
Mg
Mo
Cn
Ho
Ba
Si
Er
Sc
Ca
Al
La
Nd
Al
Ca
Yb
La
Dy
W
Ce
Th
Sc
HMn
Mn
HMn
Ce
K

Dy
Hg
K

Pb
Cb
Pr
Sr
Dy
Cb

(band head)

Arc Sensitivity (%)

0.0003

0. 00001
0.0003

0.0003
0.00001

0.0003

0.0003
0.003

0.0003

10

Comments

CN interference
CN interference

CN Interference
CN interference

CN interference

Some CN interference

High self absorption

High self absorption

Possible Ti interference

CN interference

CN interference;
some self absorption

CN interference;
some self absorption
CN interference

Possible Fe and Mn interference

CN interference



Wavelength Element Arc Sensitivity (%) Comments

Loge. 71k La
4090.370 u
40g3. 161 Hf
4100.923 Cb
4101.773 In 0.001 CN interference
4129.737 Eu
L130.664 Ba
Lk172.056 Ga 0.0003 CN interference
4177.321 Nd
¥L179.422 Pr
% L4]186.599 Ce
L201.851 Rb 0.01 Heavy CN interference
L205. 046 Eu
215,524 s5r 0.0003 CN interference
L215.556 Rb 0.01 Heavy CN interference
L4216.000 Cn (band head)
4225.327 Pr
+L4226.728 Ca 0.0001 Some self absorption
* 424 669 U 0.1
* 4264, 346 Cr 0.0001 Some self absorption
L4289.721 Cr
Lagh.61h W 0.01 Fe interference
% 4303.573 Nd
4333, 734 La
L4341 .688 u 0.1
L4358.350 Hg
*4379, 238 v 0.0003
4381.859 Th Ll
4390.865 Sm
L391.114 Th
LLak, 342 Sm
L43h, 321 Sm
#4511.323 In 0.001
LE18.570 Lu
¥ L4554, 042 Ba 0.0001
4555,355 Cs 0.01
L4593.177 Cs 0.01
L602.863 Li
*4607.331 Sr 0.001 Some self absorption
Lek3. 695 Yt

11



TABLE II
SENSITIVE LINES ON 22-500 MASTER PLATES
IN ELEMENT ORDER
: Element Wavelength

Ag 3382,891 Czpo0d
+-3280.683 C5500]

Al «3961,527 L9904
3944,032 -S04
3092.713 . C&SD]
3082. 155 L3201
2660,393 [ 70
2652.489 L1
2575.100 C48]
2567.987 [24]

As 2860.452 - 70
2780.197 140
2456,530 L3gd
% 2349.840 [#5]
2288.120 C44J

Au 3122.781 Ci1Gol
#2427,950 Czo0]

B %2497.733 [480 1
2496.778 [Cz40]

Ba 4554.042 (G500l
4130.664 [
3891.785 40
3071.591
2335,269 [ ¢x1
2304.235 rag”

Be 3321.343 [io0d
3321.086 ccol
3131.072 rC3z¢
3130.416 Bb.
2494,733 [ lond
« 2348.610 ([3on2

Bi +3067,716 [3kn0dl
2938.298 Ciz0]
2897.975 400
2276.578 s

12



Element

Ca

Cb NS |

Cd

Ce

Cn (band head)

Co

Cr

Cs

Cu

Wavelength

# 2478.573 |

4226.728
3968.468
3933.666
3179.332
3158.869

4100.923
4079.729
4058.938
3194.97%7
3094.183

3610.510
3466.201
3403.653
3261.057

+2288.018

«4186.599

4040.762
4012.388

713200. 867

3200, 52

4216.000

3465.800
3453.505
3405.120
3044. 005

4289.721
4254, 346

3040.846 |

2843,252
2835.633
2677.159

4593.177
4555.355

+3273.962
3247, 540

m-ﬁ'ﬁ'&“-

2961.165
2824.,369
2246.995

[:¥

4400
Cz21ool
C 4200]
Csod
C20d

L 7ol ]

C.1200]
Ci7o0]
Lizo]

C220]

— 32601

C320)
C4300]
C700]
L 1ol

-

C25D0d

L 50003



Element Wavelength

Dy 4077.974 Ceool
4045,983 C1o00]
4:101::.5%'4 oSt

Er 3906.316 Cssul
3692.652 ©T700]
3499.104 resnd

Eu 4205.046 ra000l
4129,737 (220871

Fe 3737.133 349l
3719.935 Teood
3047.605 ©T130d
3020.640 cC2z80l
2941,343 C13]

Ga 2944,172 C1s0l
«2943,637 C9svd

2874.244 t5o0l

2719.653 [0

Gd 3768.405 LCawm
3646.196 rC7o0]
3082.000 (&0l

Ge 3269.494 (4ol
+3039.064 Cispld
2651.178 [ 12003
Hf 4093.161 &%l
3134.718 <957
3072.877 [z40]
2916.481 220
Hg 4358.350 [4o0l
4046.561 il
3650, 146 280
3131.546 327
3125.663 Caqod
3021.499 [ 207
k2%36,512 CLispod
Ho 3891.020 CiSogl
3748.170 T3t
3456, 000 C18o0d
(2)2936.77

14



Element Wavelength

In 4101.773 Cyv7o0l
3258.564 C300)
3256.090 C'30bod
2710.265 T160J

Ir 3513.645 320
%3220.780 =590
2924,792 T 3200

K 4047.201 Clel
4044,140 222

(4)3447.380

(233446, 370
1a 4333.734 (460
4086.714 1 5ol

3988.518 C44nd
#3949.106 C90b]
3337.488 rC200]
3245,120 7ol

Li 3232.610 C17d
2741.188 [ 20/

Lu 3472.480 Cz801
2911.390 C o]
2894,840 1 42071

Mg 3838.258 Csool
3096.899 147
2852.129 [goood
2802.695 rCGoodl
2795.530 Cio00'l
2776.690 C =281

Mn 4034.490 [ %00
4033, 073 C1400]
x 4030, 755 [2000]
2801.064 C480] ;432 o¢ (1400
2798,271 C6s0] '
2794,.817 C8m]
2595.761 C37]
2576.104 [ 2001

Mo 36864.110 Cipon)
3208.834 C =200

« 3193.973 C9%b]

3170.347 Caton

3132.594 Cigonl

15



Element

Na

Nd

Ni [«

Os

Pb

Wavelength
3302.988 C's]
3302.323 L3023
4303.573 C32od
4177.321 cti4a0d
3951.154 1201
3515,.054 (Ceood
3492.956 LCsv0
3414.765 C759- §e
3040,819 2050 &2 L2y
3003.629 Ci®ol
3002.491 C3?0d
3267.945 C3zol
3262.290 C320J
3058. 660 Cao001

+2909.061 CL=00
2554.930 (151
2553.280 C384

#2535.650 ! “J
2534.010 LZ2=1

#4057.820 -249 J
3683.471 4ijﬁ
2833.069 L9530
2802.003 4
2663.166 1
2614.178 0
2203.505 A
2169.994 2]
3516.943 (1200l
3421,240 Ci400

3404.580 ©26

3064.712

2929.794 Ci7nd
2830.295 ¢

%2659.454

4225.327

#4179,422 C460
4062.817 © -

16




Element

Rb

Sb

Sc

5i

Sn

Sr

Sm

Ta

17

Wavelength

4215.556
4201. 851

3460.470
3451.808

3692.357
3434.893
3396.850
3323.092

3498.942
3436.737
2678.758

3267.502

3232.499

x2877.915

2598.062
2311.469

4023.688
3907.476
3642.785
3613.836
3353.734

3905.528
28811578
2524.118
2506.898

3262.328
3175.019
2863.327
+2839.989

4607.331
4077.714
3464,457

4390. 865

3406.664
3331.007
3318.840
3311.162
2714.674

Clg |

321

Cs5vod
C 1600
Cano]

Cro0.l

£490]
L3604
,r}.__n_;
-; "'n -_.|-}'_; .2-'_

[7s7]

CdoD]
c1407]
C9o 1

C4as ]

CA800]
N800l

L1200,

C 25001
T 900

C44]

T 2607

240 |

170

CS50]
£ssnd
Cinoa0]

Ciano]



Element

Tb

Te

Ti

Tl

Tm

18

Wavelength

3561.740
3509.170

2385.760
2383.250

4391.114
4381.859
4019.137
3601.040
2870.413

3998. 640

3685.196 [26

3653.496
3361.213
3349.406

3349.035 |

3236.573

3775.720
3519.240
2918.32

2767.870
2608.962

3761.917
3761.333
3462.200

4341.688
4241.669
4090.370
3672.579

4379.238

3185.396 C

3183.982
3183.406
3118.383
3110.706
3102.299

4294.614
4008.753
3641.408

2946.981 !

2944,.395
2896.446



Element

Yb

Y

Zn

Zr

19

Wavelength
3987.994
3694, 203
3289.370
3710.290
3600,734
3242.280
3345.020 C'404
3302.941 '-E.P}-j
3302.588 ra0]
3282.333 LCawwl

#2]138.560 cibool
3601.193 f?ﬁnj
3519.605 LfmJ
3496.210 Tes0U
3438.230 'f:ﬂ€
3391.975 LoD |

2571.391 4o



