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H
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S
p
ectrb

ch
em

ical A
n
aly

sis 

T
o A

N
 E

V
E

R-IN
C

R
E

A
SIN

n E
X

T
E

N
T

, th
e sp

ectro
g

rap
h

 is b
ein

g
 u

sed
 to

 d
eter 

m
in

e th
e co

n
sp

o
sitio

n
 o

f a w
id

e v
ariety

 o
f m

aterials an
d
 to

 fix
 th

e co
n
cen

-
tratio

n
 o

f th
eir co

n
stitu

en
ts. K

n
o
w

n
 to

 th
e ch

em
ist as q

u
alitativ

e an
d
 

q
u
an

titativ
e analysis, 

resp
ectiv

ely
, th

ese sp
ectro

sco
p
ic tech

n
iq

u
es are 

co
m

m
o
n
ly

 referred
 to

 as sp
ectro

ch
em

istry
 o

r ep
ectro

ch
em

ical an
aly

sis, 
o

ften
 w

ith
o

u
t th

e ad
jectiv

es q
u

alitativ
e an

d
 q

u
an

titativ
e, an

d
, fo

r th
e 

m
ost part, these term

s are used to m
eats analysis by em

issio
n

 sp
ectro

sco
p
y
. 

T
h
e d

ev
elo

p
m

en
t o

f sp
ectro

ch
em

icu
l sn

n
ly

ais is, o
f co

u
rse, an

 o
u
t-

g
ro

w
th

 o
f th

e reco
g
n
itio

n
, ab

o
u
t th

e m
id

d
le o

f th
e last cen

tu
ry

, th
at th

e 
sp

ectru
m

 em
itted

 b
y
 an

 ato
m

 is ch
aracteristic o

f th
at ato

m
 an

d
 o

f its 
e
n
e
rg

y
 c

o
n
d
itio

n
. It h

a
s a

lre
a
d
y
 b

e
e
n
 p

o
in

te
d
 o

u
t in

 C
h
a
p
. 1

 th
a
t 

K
irch

h
o
ff an

d
 B

u
n
sen

 w
ere th

e first to
 reco

g
n
ize th

is p
rin

cip
le clearly

 an
d
 

to use it in the isolation and discovery of tw
o new

 alkali elem
ents, caesium

 
a
n
d
 ru

b
id

iu
m

. It is n
o
w

 k
n
o
w

n
, o

f c
o
u
rse

, th
a
t th

e
 a

b
so

rp
tio

n
 a

n
d
 

em
issio

n
 sp

ectra o
f m

o
lecu

les, also
, are ch

aracteristic o
f th

eir co
m

p
o
n
en

ts 
an

d
 stru

ctu
re. 

13.1. O
uslitative S

pectrochem
ical A

nalysis 

T
h
e w

o
rk

 b
y
 K

irch
h
o
ff an

d
 B

u
n
sen

 co
n
stitu

ted
 th

e first q
u
alitativ

e 
an

aly
sis. T

h
ese ex

p
erim

en
ters n

o
ted

, after a stu
d
y
 o

f th
e sp

ectra o
f th

e 
k
n
o
w

n
 alk

ali elem
en

ts, th
at certain

 sp
ectral lin

es n
o
t b

elo
n
g
in

g
 to

 th
e 

p
u
re sp

ectra o
f th

e k
n
o
w

n
 alk

alies ap
p
eared

 in
 th

e lig
h
t em

itted
 b

y
 so

m
e 

o
f th

eir p
rep

aratio
n
s. S

earch
 fo

r th
e o

rig
in

 o
f th

ese lin
re led

 fin
ally

 to
 

th
e iso

latio
n
 o

f th
e n

ew
 elem

en
ts. D

u
rin

g
 th

is sam
e p

erio
d
, K

irch
h
o
ff 

stu
d
ied

 th
e F

n
u
in

h
o
fer lin

es an
d
 id

en
tified

 n
u
m

ero
u
s elem

en
ts in

 th
e 

su
n
's atm

o
sp

h
ere. Q

u
alitativ

e ap
ectro

ch
em

iatry
 w

as firm
ly

 estab
lish

ed
 

b
y
 th

ese ach
iev

em
en

t's. It has, o
f co

u
rse, b

een
 ex

ten
d
ed

 in
 sco

p
e, p

re-
cisio

n
, an

d
 sen

sitiv
ity

 b
y
 later w

o
rk

. 
T

o
d
ay

, u
n
d
er p

ro
p
er co

n
d
itio

n
s, th

e sp
ectro

g
rap

h
 p

ro
v
id

es th
e m

o
st 

rap
id

 an
d
, at th

e sam
e tim

e, th
e m

o
st sen

sitiv
e tech

n
iq

u
e fo

r q
u
alitativ

e 
an

aly
sis. In

 S
ec. 9

.9
, th

e p
ro

ced
u

res h
av

e b
een

 d
iscu

ssed
 fo

r d
eter-

m
in

in
g
 fro

m
 th

e sp
ectru

m
 w

h
at elem

en
ts are p

resen
t in

 a so
u
rce o

r fo
r 

d
ecid

in
g
 w

h
eth

er o
r n

o
t an

y
 ato

m
 o

r m
o
lecu

le is p
resen

t in
 d

etectab
le 

am
o
u
n
ts. T

h
e attrib

u
tes o

f' v
ario

u
s lig

h
t so

u
rces w

h
ich

 are su
iteb

le fo
r 

ep
ectro

ch
em

icel in
v
estig

atio
n
s h

av
e b

een
 d

isciu
ssed

 in
 C

h
ap

. 2
. F

u
rth

er 
d
etails o

f th
e ap

p
licatio

n
s o

f th
ese tech

n
iq

u
es w

ill b
e p

o
in

ted
 o

u
t h

ere. 
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F
o
r q

u
alitativ

e an
aly

sis b
y
 em

issio
n
 sp

ectro
sco

p
y
, th

e lig
h
t so

u
rce 

an
d
 sp

ectro
g
rap

h
 selected

 w
ill b

e th
o
se th

at are ad
ap

ted
 to

 th
e n

atu
re 

an
d
 av

ailab
le q

u
an

tity
 o

f th
e sam

p
le. F

o
r so

lid
, co

n
d
u
ctin

g
 sn

m
p
les, 

d
-c o

r a h
ig

h
-v

o
ltag

e a-c arc is sen
sitiv

e, co
n
tro

llab
le, an

d
 g

en
erally

 co
n
-

v
en

ien
t; th

e sam
p
le m

ay
 b

e o
f alm

o
st an

y
 sin

e n
r sh

ap
e an

d
 m

ay
 b

e 
m

o
u
n
ted

 in
 an

y
 su

itab
le electro

d
e h

o
ld

er. T
h
e sp

ark
, also

, m
ay

 h
e u

sed
 

b
etw

een
 so

lid
 electro

d
es, b

u
t th

e resu
ltan

t sen
sitiv

ity
 to

 tra
ce co

n
cen

tra-
tio

n
s is m

u
ch

 less. F
o
r m

aterials w
ith

 lo
w

 m
eltin

g
 o

r ig
n
itio

n
 p

o
in

ts, 
w

ater- o
r air-co

o
led

 electro
d
e h

o
ld

ers m
ay

 b
e d

esirab
le; in

 an
y
 case, th

e 
cu

rren
t stren

g
th

 m
u
st b

e h
eld

 at lev
els th

at w
ill n

o
t lead

 to
 o

v
erh

eatin
g
 

th
e
 e

le
c
tro

d
e
s. In

 fa
c
t, e

x
c
e
p
t w

h
e
n
 re

q
u
ire

d
 fo

r a
 ste

a
d
y
 a

rc
, h

ig
h
 

cu
rren

t v
alu

es are alm
o
st n

ev
er n

ecessary
 o

r d
esirab

le. F
o
r m

o
st p

u
r-

p
o
ses, a cu

rren
t o

f fro
m

 th
ree to

 fiv
e am

p
eres is satisfacto

ry
. T

h
e m

o
re 

v
o
la

tile
 c

o
n
stitu

e
n
ts in

 th
e
 sa

m
p
le

 w
ill o

rd
in

a
rily

 a
p
p
e
a
r in

 th
e
 a

rc
 

sp
ectru

m
 first; m

aterials o
f h

ig
h
 b

o
ilin

g
 p

o
in

t. w
ill ap

p
ear later an

d
, in

 
so

m
e cases, w

ill n
o

t ap
p

ear at all u
n

til th
e m

o
re v

o
latile m

aterials h
av

e 
b
een

, to
 a larg

e ex
ten

t, ex
h
au

sted
. It is d

esirab
le, th

erefo
re, to

 ad
ju

st 
th

e in
ten

sity
 o

f th
e so

u
rce im

ag
e o

n
 th

e slit in
 su

ch
 a w

ay
 th

at an
 ex

p
o

su
re 

o
f at least o

n
e o

r tw
o
 m

in
u
tes is p

o
ssib

le. 
P

o
o
rly

 co
n
d
u
ctin

g
 o

r refracto
ry

 m
aterials, o

r m
aterials av

ailab
le in

 
m

in
u
te am

o
u
n
ts o

n
ly

, m
ay

 b
e p

ack
ed

 in
 cav

ities d
rilled

 in
 a g

rap
h
ite, 

silv
er, o

r co
p

p
er lo

w
er electro

d
e. U

n
less it is essen

tial to
 elan' w

ith th
e 

cy
an

o
g
en

 b
an

d
s (3

5
0
0
a to

 4
2
0
0
A

) th
at are em

itted
 stro

n
g
ly

 b
y
 g

rap
h
ite 

arcs in
 air, g

rap
h

ite is to
 b

e p
referred

. It h
as few

er em
issio

n
 lin

es an
d

 th
e 

arc attain
s h

ig
h
er tem

p
eratu

res; th
e sen

sitiv
ities in

 an
aly

sis arc th
ere-

fo
re h

ig
h
er. T

h
e so

-called
 sp

ectro
g
rap

h
ic carb

o
n
s, su

p
p
lied

 b
y
 sev

eral 
co

m
p
an

ies, d
o
 n

o
t co

n
tain

 th
e traces o

f th
e alk

ali an
d
 earth

-alk
ali m

etals 
o
r o

f o
th

er im
p
u
rities fo

u
n
d
 in

 o
rd

in
ary

 p
u
re arc carb

o
n
s; th

ey
 h

av
e b

een
 

rem
o
v
ed

, u
su

ally
 b

y
 h

eatin
g
 th

e carb
o
n
 in

 v
acu

o
 to

 w
h
ite h

eat. R
o
d
s 

o
f sla in

ch
 o

r in
ch

 d
iam

eter are satisfacto
ry

; th
e cav

ity
 can

 b
e m

ad
e 

w
ith

 a clean
 d

rill o
f slig

h
tly

 sm
n
fier sire. T

h
e carb

o
n
s sh

o
u
ld

 h
e h

an
d
led

 
w

ith
 clean

 tw
eezers, an

d
 th

e sam
p
les sh

o
u
ld

 b
e clean

ed
 an

d
 h

an
d
led

 care-
fu

lly
, b

ecau
se co

n
tam

in
atio

n
s are easily

 p
ick

ed
 u

p
 fro

m
 th

e h
an

d
s o

r 
to

o
ls. If th

e m
aterial is n

o
n
co

n
d
u
ctin

g
, o

r if it d
o
es n

o
t p

ack
 w

ell, it 
m

ay
 b

e m
ix

ed
 w

ith
 p

o
w

d
ered

 g
rap

h
ite. F

o
r so

lu
tio

n
s, a co

n
cen

trated
 

d
ro

p
 o

r tw
o
 can

 b
e d

ried
 o

n
 th

e tip
s o

f g
rap

h
ite electro

d
es. 

A
n altern

a-
tiv

es, th
e so

lu
tio

n
 m

ay
 b

e ato
m

ized
 in

to
 a flam

e, as h
as b

een
 clo

n
e b

y
 

L
u
n
d
eg

ard
h
,' o

r ex
cited

 in
 a sp

ark
 d

isch
arg

e to
 a liq

u
id

 su
rface, as, fo

r 
ex

am
p
le, b

y
 th

e m
eth

o
d
 o

f D
u
ffen

d
sek

, W
iley

, an
d
 O

w
en

s.' F
o
r q

u
ali-

tativ
e p

u
rp

o
ses, h

o
w

ev
er, th

ese p
ro

ced
u
res seem

 n
o
t so

 co
n
v
en

ien
t o

r so
 

rap
id

. In
 all th

ese n
am

es, th
e u

p
p
er electro

d
e is u

su
ally

 o
f th

e n
am

e 

11. I.u
n

d
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h
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e
u
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h

y
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, 6
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0
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0
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m
a
te

ria
l a

s
 th

e
 lo

w
e
r; if it is

 p
o
in

te
d
, th

e
 a

rc
 w

ill w
a
n
d
e
r le

s
s
 a

n
d
 b

u
rn

 
m

o
re

 u
n
ifo

rm
ly. W

h
e
n
 fo

re
ig

n
 m

a
te

ria
l, su

ch
 a

s g
ra

p
h
ite

, is u
se

d
, co

n
-

tro
l e

x
p
o
s
u
re

s
 m

u
s
t b

e
 ru

n
 w

ith
 th

e
 b

la
n
k
 e

le
c
tro

d
e
s
 to

 d
e
te

rm
in

e
 th

e
 

im
p
u
ritie

s
, if a

n
y
, a

s
 w

e
ll a

s
 th

e
 lin

e
s
 e

m
itte

d
 b

y
 th

e
 e

le
c
tro

d
e
s
 th

e
m

-
s
e

lv
e

s
. It m

u
s
t b

e
 b

o
rn

e
 in

 m
in

d
, h

o
w

e
v
e

r, th
a

t w
h

e
n

 th
e

 s
a

m
p

le
 

m
a

te
ria

l is
 la

te
r p

la
c
e

d
 in

 o
r o

n
 ,th

e
 e

le
c
tro

d
e

s
, th

e
 c

h
a

n
g

e
d

 e
le

c
tric

a
l 

g
ra

d
ie

n
ts a

n
d
 te

m
p
e
ra

tu
re

s in
 th

e
 a

rc m
a
y b

rin
g
 o

u
t lin

e
s th

a
t w

e
re

 se
e
n
 

o
n
ly

 fa
in

tly
, if a

t a
ll, in

 th
e
 c

o
n
tro

l te
a
ts

. 
T

h
e
 n

a
tu

re
 o

f th
e
 sa

m
p
le

 is th
e
 im

p
o
rta

n
t co

n
sid

e
ra

tio
n
 in

 th
e
 ch

o
ice

 
o
f a

 sp
e
ctro

g
ra

p
h
, b

e
ca

u
se

 th
e
 d

isp
e
rsio

n
 m

u
st b

e
 e

n
o
u
g
h
 to

 se
p
a
ra

te
 th

e
 

sp
e
ctra

l lin
e
s o

f th
e
 va

rio
u
s' like

ly e
le

m
e
n
ts, a

n
d
 th

e
 re

g
io

n
 co

ve
re

d
 m

u
st 

in
c
lu

d
e
 th

e
ir s

e
n
s
itiv

e
 lin

e
s
. In

s
p
e
c
tio

n
 o

f th
e
 ta

b
le

s
 o

f u
ltim

a
te

 o
r 

p
e
rsiste

n
t lin

e
s w

ill sh
o
w

 th
a
t th

e
 m

o
st p

e
rsiste

n
t lin

e
s fo

r o
n
ly te

n
 e

le
-

m
e
n
ts

 lie
 in

 th
e
 re

g
io

n
 b

e
tw

e
e
n
 4

6
0
0
A

 a
n
d
 9

0
0
0
A

, a
n
d
 th

a
t fo

r a
ll o

f 
th

e
se

 th
e
re

 a
re

 a
lso

 p
e
rsiste

n
t lin

e
s b

e
tw

e
e
n
 4

6
0
0
A

 a
n
d
 2

0
0
0
A

. M
o
re

-
o

v
e

r, fo
r m

a
n

y
 e

le
m

e
n

ts
, th

e
re

 a
re

 n
o

 p
e

rs
is

te
n

t lin
e

n
 b

e
tw

e
e

n
 4

0
0

0
A

 
a
n
d
 9

0
0
0
A

, a
lth

o
u
g
h
, o

f c
o
u
rs

e
, a

ll h
a
v
e
 s

o
m

e
 s

p
e
c
tra

l lin
e
s
 th

e
re

. In
 

vie
w

 o
f th

e
se

 fa
cts, g

la
ss sp

e
ctro

g
ra

p
h
s a

re
 n

o
t w

e
ll su

ite
d
 to

 q
u
a
lita

tive
 

a
n
a
lysis b

e
m

u
se

 o
f th

e
ir lim

ite
d
 ra

n
g
e
, e

sp
e
cia

lly if th
e
 d

e
te

ctio
n
 o

f sm
a
ll 

a
m

o
u
n
ts

 o
f m

a
te

ria
l is

 in
v
o
lv

e
d
. Q

u
a
rts

 s
p
e
c
tro

g
ra

p
h
a
 a

n
d
 g

ra
tin

g
s
 

c
o
v
e
rin

g
 th

e
 re

g
io

n
 fro

m
 4

5
0
0
A

 to
 2

0
0
0
A

 a
re

, h
o
w

e
v
e
r, s

a
tis

fa
c
to

ry
. 

E
ve

n
 m

e
d
iu

m
- a

n
d
 sm

a
ll-size

d
 q

u
a
rtz a

p
e
-tro

y- a
p

h
is h

a
ve

 p
ro

d
u

ce
d

 g
o

o
d

 
re

su
lts, a

lth
o
u
g
h
 la

rg
e
r in

stru
m

e
n
ts a

re
 b

e
tte

r b
e
ca

u
se

 th
e
ir g

re
a
te

r d
is-

p
e
rsio

n
 m

a
ke

s lin
e
 id

e
n
tifica

tio
n
 m

o
re

 ce
rta

in
 a

n
d
 re

d
u
ce

s th
e
 d

ifficu
lty 

fro
m

 in
te

rfe
rin

g
 lin

e
s
 o

f o
th

e
r e

le
m

e
n
ts

. F
o
r th

e
 h

e
a
v
y
 m

e
ta

ls
 o

r th
e
 

ra
re

 e
a

rth
s, a

 g
ra

tin
g

 o
r a

 la
rg

e
 q

u
a

rtz sp
e

ctro
g

ra
p

h
 is a

lm
o

st e
sse

n
tia

l. 
A

 s
p
e
c
tro

g
ra

p
h
 o

f la
rg

e
 a

p
e
rtu

re
 is

 n
e
e
d
e
d
 o

n
ly

 fo
r s

a
m

p
le

s
 th

a
t a

re
 

e
xtre

m
e

ly sm
a
ll a

n
d
, th

e
re

fo
re

, ca
n
 p

ro
vid

e
 o

n
ly sh

o
rt e

xp
o
su

re
s; sta

n
d
-

a
rd

 sp
e
ctro

g
ra

p
h
s, w

ith
 th

e
ir h

ig
h
e
r d

isp
e
rsio

n
 a

n
d
 lo

n
g
e
r e

xp
o
su

re
s, a

re
 

p
re

fe
ra

b
le

 in
 a

ll o
th

e
r c

a
s
e

s
. S

im
ila

rly
, e

m
u

ls
io

n
s
 o

f g
o

o
d

 c
o

n
tra

s
t a

re
 

p
re

fe
ra

b
le

 to
 h

ig
h
-sp

e
e
d
 e

m
u
lsio

n
s; th

e
ir se

n
sitivity to

 fa
in

t lin
e
s is le

ss, 
b
u
t s

o
, to

o
, is

 th
e
ir re

s
p
o
n
s
e
 to

 b
a
c
k
g
ro

u
n
d
 s

p
e
c
tru

m
, a

n
d
 w

h
e
n
 fa

s
t 

e
m

u
ls

io
n
s
 a

re
 u

s
e
d
, th

e
 in

c
re

a
s
e
 in

 b
a
c
k
g
ro

u
n
d
 is

 lik
e
ly

 to
 m

a
s
k
 a

n
y
 

im
p
ro

v
e
m

e
n
t in

 th
e
 in

te
n
s
ity

 o
f fa

in
t lin

e
s
. 

Id
e

n
tific

a
tio

n
 o

f e
le

m
e

n
ts

 s
p

e
c
tro

s
c
o

p
ic

a
lly

 re
q

u
ire

s
 c

a
re

 a
n

d
 ju

d
g

-
m

e
n
t, a

n
d
 so

m
e
 kn

o
w

le
d
g
e
, b

a
se

d
 o

n
 e

xp
e
rie

n
ce

 o
r o

n
 stu

d
y o

f th
e
 th

e
o
ry 

o
f sp

e
ctra

, o
f th

e
 b

e
h
a
vio

r o
f th

e
 e

le
m

e
n
ts in

 d
iffe

re
n
t lig

h
t so

u
rce

s a
n
d
 

in
 d

iffe
re

n
t m

a
trice

s. T
h

e
 b

e
st in

d
ica

tio
n

 o
f th

e
 p

re
se

n
ce

 o
f a

n
 e

le
m

e
n

t 
is

 th
e

 d
e

te
c
tio

n
 o

f its
 u

ltim
a

te
 o

r p
e

rs
is

te
n

t lin
e

s
. T

h
e

 re
la

tiv
e

 in
te

n
s
ity

, 
h
o
w

e
v
e
r, d

e
p
e
n
d
s
 to

 s
o
m

e
 e

x
te

n
t o

n
 th

e
 s

o
u
rc

e
 a

n
d
 s

p
e
c
tro

g
ra

p
h
: in

 
s
tro

n
g
 s

p
a
rk

 d
is

c
h
a
rg

e
s
, th

e
 s

e
n
s
itiv

e
 a

re
 lin

e
s
, a

s
 c

o
m

p
a
re

d
 w

ith
 th

e
 

'se
n
sitive

 sp
a
rk lin

e
n
, m

a
y b

e
 g

re
a
tly su

p
p
re

sse
d
; th

e
 ch

a
ra

cte
ristics o

f 
th

e
 p

h
o

to
g

ra
p

h
ic

 e
m

u
ls

io
n

, th
e

 in
te

n
s
ity

 d
is

trib
u

tio
n

 o
f th

e
 g

ra
tin

g
, o

r 
th

e
 tra

n
sm

issio
n
 o

f th
e
 p

rism
 m

a
y p

ro
d
u
ce

 re
la

tive
 lin

e
 in

te
n
sitie

s n
o
ta

b
ly  

115.11 	
S

P
E

C
T

R
O

C
H

E
M

IC
A

L A
N

A
LY

S
IS

 	
3
2
1
 _

 

d
iffe

re
n
t fro

m
 th

o
s
e
 g

iv
e
n
 in

 a
 p

a
rtic

u
la

r c
h
a
rt o

r ta
b
le

. E
a
c
h
 s

p
e
c
tre

-
s
c
o

p
is

t, o
n

 th
e

 b
a

s
is

 o
f e

x
p

e
rie

n
c
e

 w
ith

 h
is

 e
q

u
ip

m
e

n
t, s

h
o

u
ld

 b
u

ild
 u

p
 

h
is o

w
n
 list o

f se
n
sitive

 lin
e
s, th

e
ir F

e
la

tive
 in

te
n
sitie

s, a
n
d
 th

e
ir b

e
h
a
vio

r. 
T

h
e
 id

e
n
tifica

tio
n
 o

f a
n
 cle

m
e
n
t ca

n
 re

st o
n
 o

n
ly o

n
e
 lin

e
 if th

e
re

 is n
o
 

p
o

ssib
ility o

f co
n

fu
sio

n
 w

ith
 lin

e
s o

f o
th

e
r e

le
m

e
n

ts a
t a

p
p

ro
xim

a
te

ly th
e

 
sa

m
e

 w
a

ve
 le

n
g

th
, o

r if th
e

 co
n

stitu
e

n
ts a

re
 lim

ite
d

 to
 a

 fe
w

 p
o

ssib
ilitie

s. 
U

su
a
lly, h

o
w

e
ve

r, a
 m

in
im

u
m

 o
f tw

o
 m

u
st b

e
 o

b
se

rve
d
, e

sp
e
cia

lly if th
e
 

sa
m

p
le

 sp
e
ctru

m
 is rich

 in
 lin

e
s, a

n
d
 th

e
y sh

o
u
ld

 b
e
 u

ltim
a
te

 o
r p

e
rsiste

n
t 

lin
e
s
 a

n
d
 s

h
o
u
ld

 h
a
v
e
 th

e
 c

o
rre

c
t re

la
tiv

e
 in

te
n
s
itie

s
. If th

e
 u

ltim
a
te

 
lin

e
s
 b

e
lo

n
g
 to

 a
 m

u
ltip

le
t o

r lin
e
 g

ro
u
p
 a

ris
in

g
 fro

m
 th

e
 s

a
m

e
 e

le
c
tro

n
 

c
o
n
fig

u
ra

tio
n
, a

ll lin
e
s
 o

f th
e
 g

ro
u
p
 m

u
s
t h

e
 a

c
c
o
u
n
te

d
 fo

r. P
o
s
s
ib

le
 

in
te

rfe
rin

g
 lin

e
s
 o

f o
th

e
r e

le
m

e
n
ts

 in
 th

e
 s

a
m

p
le

, k
n
o
w

n
 o

r s
u
s
p
e
c
te

d
, 

m
u
st a

lw
a
ys b

e
 co

n
sid

e
re

d
, 

T
h
e
 n

u
m

b
e
r o

f e
le

m
e
n
ts

 th
a
t c

a
n
 b

e
 d

e
te

c
te

d
 s

p
e
c
tro

c
h
e
rn

ic
a
lly

 is
 

g
ive

n
 b

y so
m

e
 a

s 5
5
, b

y o
th

e
rs a

s 7
0
, a

n
d
 b

y still o
th

e
rs a

s 7
5
. W

h
a
t is 

m
e
a

n
t b

y th
e

se
 sta

te
m

e
n

ts is th
a

t th
e

 n
u

m
b

e
r o

f e
le

m
e

n
ts in

d
ica

te
d

 h
a

ve
 

se
n
sitive

 lin
e
s th

a
t ca

n
 b

e
 e

xcite
d
 in

 so
lid

 sa
m

p
le

s, b
y a

rcs o
r sp

a
rks in

 
a
ir, a

n
d
 p

h
o
to

g
ra

p
h
e
d
 o

n
 o

rd
in

a
ry

 e
m

u
ls

io
n
s
. T

h
e
 e

le
m

e
n
ts

 o
m

itte
d
 

fro
m

 th
e
se

 co
u
n
ts a

re
 h

yd
ro

g
e
n
, th

e
 n

o
b
le

 p
o
e
n
, th

e
 h

a
lo

g
e
n
s, ca

rb
o
n
, 

n
itro

g
e
n
, o

x
y
g
e
n
, a

n
d
 s

u
lp

h
u
r, a

n
d
 fro

m
 th

e
 s

m
a
lle

r lis
ta

, a
ls

o
 th

e
 ra

re
 

e
a
rth

s
 a

n
d
 th

e
 m

e
ta

llo
id

s
. T

h
e
s
e
 o

m
is

s
io

n
s
 a

re
 ju

s
tifie

d
 o

n
 th

e
 b

a
s
is

 o
f 

th
e
 lim

ita
tio

n
s
 s

ta
te

d
 a

b
o
v
e
, a

n
d
 th

e
re

 is
 th

e
 fu

rth
e
r lim

ita
tio

n
 th

a
t 

sp
e
ctro

sco
p
ica

lly-p
u
re

 te
st sa

m
p
le

s o
f th

e
se

 e
le

m
e
n
ts a

n
d
 sp

e
ctru

m
 ch

a
rts 

in
c
lu

d
in

g
 th

e
m

 a
re

 n
o
t e

a
s
ily

 a
v
a
ila

b
le

. H
ilg

e
r's

 R
. U

. p
o
w

d
e
r, fo

r 
e

xa
m

p
le

, co
n

ta
in

s 5
0

 e
le

m
e

n
ts, a

n
d

 th
e

 ch
a

rts o
f G

a
tte

ra
r a

n
d

 Ju
n

ke
s, 

w
h
ich

 a
re

 th
e
 b

e
st a

va
ila

b
le

, co
ve

r 7
3
. A

ll e
le

m
e
n
ts, h

o
w

e
ve

r, h
a
ve

 lin
e
s 

in
 th

e
 o

rd
in

a
ry p

h
o

to
g

ra
p

h
ic re

g
io

n
 th

a
t ca

n
 b

e
 e

xcite
d

 u
n

d
e

r a
p

p
ro

p
ria

te
 

c
o
n
d
itio

n
s
. T

h
e
 g

a
s
e
s
, fo

r e
x
a
m

p
le

, c
a
n
 b

e
 e

x
c
ite

d
 in

 v
a
rio

u
s
 k

in
d
s
 o

f 
d
is

c
h
a
rg

e
 tu

b
e
s
. G

a
tte

re
r a

n
d
 F

ro
d
t' h

a
v
e
 d

e
m

o
n
s
tra

te
d
 th

e
 d

e
te

c
tio

n
 

o
f th

e
 h

a
lo

g
e
n
s in

 co
m

p
o
u
n
d
s, b

y p
la

cin
g
 sm

a
ll, so

lid
 sa

m
p
le

s in
 th

e
 p

o
si-

tive
 co

lu
m

n
 o

f a
 d

isch
a

rg
e

 tu
lle

, a
n

d
 M

cN
a

lly, H
a

rriso
n

, a
n

d
 R

o
w

e
' h

a
ve

 
e

x
c
ite

d
 th

e
m

 in
 a

 h
o

llo
w

-c
a

th
o

d
e

 d
is

c
h

a
rg

e
. T

h
e

 s
a

m
e

 p
ro

c
e

d
u

re
 w

a
s
 

fo
llo

w
e

d
 fo

r th
e

 m
e

ta
llo

id
s
, w

ith
 e

q
u

a
l s

u
c
c
e

s
s
. T

h
e

 s
p

e
c
tra

 o
f th

e
 ra

re
 

e
a
rth

s a
re

 n
o
w

 w
e
ll e

n
o
u
g
h
 kn

o
w

n
 to

 m
a
ke

 sp
e
ctro

sco
p
ic m

e
th

o
d
s p

re
-

fe
rre

d
 o

v
e
r th

e
 d

iffic
u
lt c

h
e
m

ic
a
l s

e
p
a
ra

tio
n
s
. W

ith
 im

p
ro

v
e
m

e
n
t in

 
lig

h
t so

u
rce

s a
n
d
 te

ch
n
iq

u
e
s, q

u
a
lita

tive
 a

n
a
lysis o

f e
ve

ry e
le

m
e
n
t w

ill b
e
 

fe
a

sib
le

 a
n

d
, in

 ca
se

s o
f co

m
p

le
x o

r re
fra

cto
ry sa

m
p

le
rs o

r o
f ch

e
m

ica
lly 

d
ifficu

lt a
n

a
lyse

s, p
re

fe
ra

b
le

 to
 ch

e
m

ica
l m

e
th

o
d

s. 
T

h
e

 v
a

rio
u

s
 e

le
m

e
n

ts
 in

 th
e

 s
a

m
p

le
 m

a
y
 b

e
 in

 c
o

m
b

in
e

d
 o

r u
n

c
o

m
-

b
lo

o
d
 fo

rm
. T

h
e
 te

m
p
e
ra

tu
re

 o
f th

e
 o

rd
in

a
ry

 N
o
u
m

e
a
 is

 s
u
ffic

ie
n
t to

 
d
is

s
o
c
ia

te
 a

n
y
 m

o
le

c
u
le

s
 a

n
d
 e

x
c
ite

 th
e
 re

s
u
ltin

g
 a

to
m

s
. In

 fa
c
t, it is

 a
 

w
e
a
kn

e
ss o

f e
m

issio
n
 sp

e
ctro

sco
p
y th

a
t it g

ive
s little

 in
fo

rm
a
tio

n
 a

s to
 th

e
 

A
. G
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te
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p
a
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sto
p
., 1
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. It. H

arrison, and E
. R

o
w

s
, J. O

p
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e
e
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n
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W
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snaeren, C
h
e
ln

io
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 C
o
m

p
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.1
m

 o
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 E
a
rth

's C
ru

d
e
 is

 th
e ra
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 In

d
ia

n
 

.4 re
h

ip
d

o
g

n
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A
m
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: C
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co
m

m
o
n
; a

n
d
 0

.1
 p

a
rt is re

a
ch

e
d
 in

 so
m

e
 ca

se
s. T

h
e
 a

b
so

lu
te

 se
n
sitivity 

va
rie

s b
e
tw

e
e
n
 a

b
o
u
t o

n
e
-te

n
th

 a
n
d
 o

n
e
 o

n
e
-th

o
u
sa

n
d
th

 o
f a

 m
icro

g
ra

m
, 

e
ve

n
 th

o
u
g
h
 th

e
 to

ta
l sa

m
p
le

 m
a
y E

a
t b

e
 la

rg
e
r th

a
n
 1

0
 o

r 2
0
 m

icro
g
ra

m
s. 

T
h
e
se

 se
n
sitivity lim

its, in
 m

o
a
t ca

se
s, w

e
re

 d
e
te

rm
in

e
d
 b

y te
stin

g
 p

ro
-

g
re

ssive
ly w

e
a

ke
r co

n
ce

n
tra

tio
n

s u
n

til th
e

 u
ltim

a
te

 lin
e

s w
e

re
 n

o
 lo

n
g

e
r 

d
e
te

c
ta

b
le

 a
g
a
in

s
t th

e
 p

la
te

 b
a
c
k
g
ro

u
n
d
. K

a
is

e
r' h

a
s
 s

u
g
g
e
s
te

d
 th

a
t it 

w
o
u
ld

 b
e
 m

o
re

 m
e
a
n
in

g
fu

l to
 d

e
fin

e
 th

e
 le

a
st d

e
te

cta
b
le

 a
m

o
u
n
t n

a
 th

e
 

a
m

o
u
n
t s

u
c
h
 th

a
t th

e
 d

e
n
s
ity

 d
iffe

re
n
c
e
 o

f th
e
 u

ltim
a
te

 lin
e
 (ra

in
 th

e
 

b
a

c
k
g

ro
u

n
d

 is
 3

 	
tim

e
s
 th

e
 m

e
a

n
 flu

c
tu

a
tio

n
 o

f th
e

 b
la

c
k
e

n
in

g
, a

 
d

iffe
re

n
ce

 th
a

t h
e

 co
n

sid
e

rs to
 h

e
 ju

st ce
rta

in
ly m

e
a

su
ra

b
le

. T
h

e
n

, fro
m

 
m

e
a

su
re

m
e

n
ts o

n
 tw

o
 o

r m
o

re
 sa

m
p

le
s o

f sm
a

ll, kn
o

w
n

 co
n

ce
n

tra
tio

n
s, 

th
e

 a
n

a
lytica

l cu
rves d

iscu
sse

r) in
 S

e
c. 1

3
.4

 ca
n
 b

e
 d

ra
w

n
, th

e
 u

n
ce

rta
in

ty 
o
f b

la
c
k
e
n
in

g
 m

e
a
s
u
re

m
e
n
t d

e
te

rm
in

e
d
, a

n
d
 th

e
 c

o
n
c
e
n
tra

tio
n
 c

o
rre

-
s
p
o
n
d
in

g
 to

 K
a
is

e
r's

 c
rite

rio
n
 re

a
d
 fro

m
 th

e
 c

u
rv

e
. In

 a
 te

s
t fo

r th
e
 

se
n

sitivity o
f d

e
te

rm
in

a
tio

n
 o

f zin
c in

 p
u

re
 a

lu
m

in
u

m
, w

ith
 a

n
 in

te
rru

p
te

d
 

a
re

, a
 c

o
n
tro

lle
d
 s

p
a
rk

 w
ith

 0
.8

 m
illih

e
n
rie

s
 o

f in
d
u
c
ta

n
c
e
, a

n
d
 a

 c
o
n
-

tro
lle

d
 s

p
a
rk

 w
ith

 n
o
 a

d
d
e
d
 in

d
u
c
ta

n
c
e
, K

a
is

e
r fo

u
n
d
 s

e
n
s
itiv

itie
s
 of 

0
.0

0
0

4
 p

e
r c

e
n

t, 0
.0

0
7

 p
e

r c
e

n
t, a

n
d

 0
.0

2
 p

e
r c

e
n

t, re
s
p

e
c
tiv

e
ly

. S
in

c
e

 
th

e
 s

e
n

s
itiv

ity
 o

f tra
c
e

 d
e

te
rm

in
a

tio
n

 d
e

p
e

n
d

s
 o

n
 th

e
 s

p
e

c
tro

g
ra

p
h

, th
e

 
p
h
o
to

g
ra

p
h
ic p

la
te

, th
e
 lig

h
t so

u
rce

, a
n
d
 th

e
 sp

e
ctra

l re
g
io

n
 u

se
d
, a

n
 w

e
ll 

a
s
 o

n
 th

e
 o

th
e

r e
le

m
e

n
ts

 p
re

s
e

n
t in

 th
e

 s
a

m
p

le
, it is

 h
e

s
t, if p

re
v
io

u
s
 

e
xp

e
rie

n
ce

 in
 co

m
p

a
ra

b
le

 ca
se

s is la
ckin

g
, to

 u
n

d
e

rta
ke

 so
m

e
 co

m
p

a
ra

-
tiv

e
 te

sts o
n
 s

a
m

p
le

s
 o

f k
n
o
w

n
, s

im
ila

r c
o
m

p
o
s
itio

n
 b

e
fo

re
 re

a
c
h
in

g
 a

 
co

n
clu

sio
n
 as 

to
 w

h
e
th

e
r o

r n
o
t a

n
 e

le
m

e
n
t h

i p
re

s
e
n
t in

 a
p
p
re

c
ia

b
le

 
a

m
o

u
n
t. It m

u
st b

e
 b

o
rn

e
 in

 m
in

d
 th

a
t th

e
 a

b
se

n
ce

 o
f th

e
 d

e
te

ctio
n
 lin

e
rs 

o
f a

n
 e

le
m

e
n
t in

d
ica

te
s m

e
re

ly th
a
t th

e
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m

e
n
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o
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n
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n
t 

a
m

o
u
n
t to
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e
 d

e
te

cte
d
 w
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 th

e
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u
rce
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n
d
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q
u
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m
e
n
t u
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d
. 

W
h

e
n

 th
e

 u
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o
s
t s

e
n

s
itiv

ity
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c
e

 d
e

te
c
tio

n
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 d
e

s
ire

d
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tte
n

tio
n

 
m

u
s
t b

e
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e

n
 to
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ll d

e
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 o
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e
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c
e
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u
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h
e

 e
x
a

m
p
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 g
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e

n
 b
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w

s a
 fa
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f se
n
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 b

e
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e
e
n
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e
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o
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h
t so

u
rce
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sim

ila
r d

iffe
re

n
ce

s m
a

y e
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e
tw

e
e

n
 d

iffe
re

n
t p

la
te

s a
n

d
 sp

e
ctro

g
ra

p
h

s. 
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 fa
c
t, tw

o
 p

e
rfe

c
tly

 p
ro

p
e
r s

p
e
c
tro

g
ra

p
h
ic

 a
rra

n
g
e
m

e
n
ts

 m
a
y
 d

iffe
r 

b
y a

 fa
cto

r o
f 1

0
,0

0
0
, o

r m
o
re

, in
 th

e
ir se

n
sitivity o

f d
e
te

ctio
n
 o

n
 th

e
 sa

m
e
 

s
a
m

p
le

. A
 m

a
jo

r c
a
n
e
 o

f d
iffic

u
lty
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 b

a
c
k
g
ro

u
n
d
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 th
e
 s

p
e
c
tru

m
; th

e
 

h
ig

h
 b

a
c
k
g
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u
n
d
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 th
e
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d
u
c
ta

n
c
e
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e
 s

p
a
rk

 s
p
e
c
tru

m
 c

ite
d
 b

y
 K

a
is

e
r 

u
n
d
o
u
b
te

d
ly

 a
c
c
o
u
n
ts
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r th

e
 fa

c
t th

a
t th

e
 s

e
n
s
itiv
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 w

a
s
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u
c
h
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w
e
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th
a
n
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 th
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 c
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s
e
 o
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e
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rru

p
te

d
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tte
n
tio

n
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 th
e
 p
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p
e
r c
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o
ic

e
 

o
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u
rce
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n
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n
e
 o

f th
e
 m

e
a
n
s b

y w
h
ich

 b
a
ckg

ro
u
n
d
 en
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d
u
c
e
d
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O
th

e
rs a
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: ch

a
n

g
in

g
 to
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 sp

e
ctro

g
ra

p
h

 o
f h

ig
h

e
r d

isp
e

rsio
n

, so
 th

a
t th

e
 

b
a
ckg

ro
u
n
d
 e

n
e
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a
d
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ve
r a
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n
g
e
r d
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n
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; u
sin

g
 th

e
 o

p
tim

u
m

 
s
lit w
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, s
in

c
e

 b
a

c
k
g

ro
u

n
d

 in
te

n
s
ity
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 p

ro
p

o
rtio

n
a

l to
 s

lit w
id

th
; u

s
in

g
 

a p
la

te
 o

f h
ig

h
e
r c

o
n
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s
t to

 k
e
e
p
 b

a
c
k
g
ro

u
n
d
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e
a
r o

r b
e
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w
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e
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m
o

le
c
u

la
r a

rra
n

g
e

m
e

n
t o

f th
e

 a
to

m
s
 in

 th
e

 s
o

u
rc

e
 m

a
te

ria
l, b

u
t, a

t th
e

 
sa

m
e

 tim
e

., it is o
fte

n
 a

n
 a

d
va

n
ta

g
e

 th
a

t th
e

 to
ta

l a
m

o
u

n
t o

f a
n

 e
le

m
e

n
t 

ca
n

 b
e

 m
e

a
su

re
d

, re
g

a
rd

le
ss o

f th
e
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rio

u
s co

m
p

o
u

n
d

 fo
rm
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 w

h
ich

 it 
m

a
y b

e
 p

re
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n
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1
3
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, T
rice

 D
e
te

ctio
n
 

In
 q

u
a
lita

tiv
e
 s

p
e
c
tru

c
h
e
m

ix
try

, th
e
 m

a
jo

r c
o
n
s
titu

e
n
ts

 o
f th

e
 s

o
u
rc

e
 

m
a
te

ria
l a

re
 re

a
d
ily

 re
c
o
g
n
is

e
d
 fro

m
 th

e
 s

e
n
s
itiv

e
 a

n
d
 o

th
e
r p

ro
m

in
e
n
t 

lin
e

s
 o

f th
e
s
e
. e

le
m

e
n
ts

. A
n
 e

x
tre

m
e
ly

 im
p
o
rta

n
t q

u
e
s
tio

n
 in

 m
a
n
y
 

a
n
a
lysis p

ro
b
le

m
s, h

o
w

e
ve

r, is th
e
 id

e
n
tifica

tio
n
 o

f tra
ce

 e
le

m
e
n
ts, w

h
ich

 
m

a
y b

e
 o

f im
p
o
rta

n
ce

 e
ve

n
 w

h
e
n
 p

re
se

n
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m

o
u
n
ts n

o
t d

e
te

cta
b
le
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y 

c
o

n
v
e

n
tio

n
a

l c
h

e
m
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a

l m
e
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o

d
s
. M

a
n

y
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x
a

m
p
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s
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e
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e

n
s
itiv
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 o

f 
s
p
e
c
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c
h
e
m
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a
l a

n
a
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r th

e
 d

e
te
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in

a
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n
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a
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u
s
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m

e
n
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d
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n
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o
u
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e
s
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n
d
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 th
e
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s
e
n
c
e
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f o
th

e
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a
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r c
o
n
s
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e
n
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e
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u
n
d
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e
 lite
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d
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n
d
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e
r p

a
p
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e
 fie
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T
h
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c
t, w
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e
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a
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tio
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 th
e
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tiv
e
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p

e
c
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l s
e

n
s
itiv
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o
f th

e
 d

iffe
re

n
t e

le
m

e
n
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 a

n
d

 o
f th

e
 v

a
rio

u
s
 lig

h
t s

o
u
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e

s
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a
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, in
 

g
e

n
e

ra
l, m

u
ch

 m
o
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n
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 th
a

n
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a
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u
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n

d
 th

e
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e
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 o
f th

e
 

m
e

ta
ls

 m
u

c
h
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a

s
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x
c
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e

n
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o
s
e
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e
 m

e
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a
. T

h
e

 p
ro

p
e
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s
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f a
n
 e

le
m

e
n
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 re
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tio
n
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o
s
e
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f o
th

e
r e
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m

e
n
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 th

e
 s

a
m

p
le

 
m

u
s
t a

ls
o
 b

e
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k
e
n
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c
c
o
u
n
t: a

n
 e
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m

e
n
t o
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w

 b
o
ilin

g
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o
in
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ig

h
 

v
a

p
o

r p
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s
s
u
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, o
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w
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n
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a

tio
n

 p
o

te
n

tia
l rill b

e
 e

x
c
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d
 m

o
re
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tro

n
g

ly
 

th
a

n
 e

le
m

e
n

ts in
 th

e
 sa

m
e

 sa
m

p
le

 w
ith

 h
ig

h
e

r b
o

ilin
g

 p
o

in
ts o

r io
n

isa
tio

n
 

p
o

te
n

tia
ls

, o
r w

ith
 re

la
tiv

e
ly

 lo
w

e
r v

a
p

o
r p

re
s
s
u

re
s
 a

t th
e

 e
le

c
tro

d
e

 
te

m
p

e
ra

tu
re

s. 
U

n
d
e
r fa

vo
ra

b
le

 co
n
d
itio

n
s, h

o
w

e
ve

r, th
e
 p

re
se

n
ce

 o
f a

n
 e

le
m

e
n
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n
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n
tra

tio
n

s a
s lo

w
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n
e
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a

rt in
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 m
illio

n
 is d

e
te

cta
b

le
. O

w
e

n
s,' w

h
o

 
u

s
e

d
 s

o
lu

tio
n

s
 d

rie
d

 o
n

 th
e

 tip
s
 o

f g
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p
h

ite
 e

le
c
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d
e

s
, re

p
o

rte
d

, in
 th

e
 

a
n
a
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u
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u
o
rs, a

n
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b
so
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te

 se
n
sitivity o

f a
s little

 a
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 X
 1
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'
 

m
g

 o
f th

e
 te

a
t e

le
m

e
n

t o
n

 th
e

 e
le

c
tro

d
e

s
, a

n
d
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 re
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tiv

e
 s

e
n

s
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 fo

r 
m
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w
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 p
e

r ce
n
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n

 th
e

 o
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e
r h

a
n

d
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e
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a

y b
e
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d
 th

e
 u

n
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b
le

 e
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m
p
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 o

f va
n
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o

n
g

e
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n
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t d
e
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a
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n

 o
f tin

 in
 

m
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e
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g
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la
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e
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g
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p

h
, w
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e
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o

d
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 d
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th
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o
u
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e
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n
d
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o
w

d
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a
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p
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 m
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e
d
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p
h
ite

 a
n
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o
d
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 c

a
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o
n
a
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n
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e
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 c
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p
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d
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o
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 p

e
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n
t o

f tin
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n
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a
st d

e
te

cta
b
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n
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n
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tio
n
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F
lis re
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lts, h

o
w

e
ve

r, w
o
u
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rta
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a
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 b
e
e
n
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a
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p
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d
 if th

e
 

m
u
ch

 m
o
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 se
n
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 u
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vio
le

t tin
 lin

e
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u
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a
ve

 b
e
e
n
 u

se
d
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e
r th

a
n
 

th
o
se
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 th

e
 visib
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 (g
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e
ctro

g
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p
h
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g
io

n
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T
h

e
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 v
e
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w
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m

e
n
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h
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h
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tiv

e
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e
n

s
itiv
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p
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e
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 c
a

n
n

o
t b
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e
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1113.3 

in
e
rtia

; a
n
d
 e

lim
in

a
tin

g
, a

s
 fa

r a
s
 p

o
s
s
ib

le
, th

e
 b

a
c
k
g
ro

u
n
d
 c

a
u
s
e
d
 b

y
 

sca
tte
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d
 lig

h
t o

r e
m

u
lsio

n
 p
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ce

ssin
g
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In
 g

e
n
e
ra

l, u
n
d
e
r su

ita
b
le

 w
o
rkin

g
 co

n
d
itio

n
s, th

e
 se

n
sitivity o

f tra
ce

 
a
n
a
ly

s
is

 b
y
 lin

e
 e

m
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s
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n
 m

e
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o
d
s
 is
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e
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r th
a
n
 th

a
t o

f c
h
e
m
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a
l 'w

e
t 

m
e

th
o

d
s
 a

n
d
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s
 g

o
o

d
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s
, o

r b
e

tte
r th

a
n

, th
a

t o
f c

o
lo

rim
e
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 m

e
th

o
d

s
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T
h

e
 sp

e
e

d
 is u

su
a

lly g
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a
te

r, e
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e
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lly if su
ita

b
le

 m
a
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r ch

a
rts o
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e
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a
re
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b
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p
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e
n

tifica
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n
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m

p
a
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n

. T
h

e
 sp

e
cim

e
n
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n

 
o

rd
in

a
rily b

e
 u

se
d

 in
 th

e
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a
tu

ra
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rm
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 e
le

ctro
d

e
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lu

tio
n

. 
d
rie

d
 o

n
 th

e
 e

n
d
s o

f g
ra

p
h
ite

, silve
r, o

r co
p
p
e
r e

le
ctro

d
e
s; a

s p
o
w

d
e
rs o

r 
n

o
n
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n

d
u

cto
rs p

a
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d
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vitie

s in
 g
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p

h
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 e
le
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d

e
s. A
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w

 m
in

u
te

s 
is su
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n
t to

 e
xp

o
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n
d
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 p
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, a
n
d
 th

e
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e
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n
 b

e
 e
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m
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e
d
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p

id
ly in
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ll b

u
t th

e
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o
st co

m
p
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d
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s. 

T
h
e
 d

e
te

c
tio

n
 o
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c
e
s
 o
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p
u
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s
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a
m

p
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s
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, o
f c

o
u
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e
, a

n
 

im
p
o
rta

n
t fu

n
c
tio

n
 o

f s
p
e
c
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c
h
e
m
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a
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n
a
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o
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s
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p
o
rta

n
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e
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p
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e

n
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tio
n

 o
f th

e
 e

le
m

e
n

ts p
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se
n

t a
n

d
 th

e
 d

e
te

rm
in

a
tio

n
 o

f 
th

e
 o

n
e
s
, if a

n
y
, th

a
t n

e
e
d
 to

 b
e
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n
a
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z
e
d
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u
a
n
tita

tiv
e
ly

 b
y
 th

e
 m

o
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e
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n
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m
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g
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e
m
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l m

e
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o
d
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a

n
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p
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a
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ill b

e
 fo

u
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p
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n
d
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 b
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h
y
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n
d
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p
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n
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n
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a
y b

e
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e
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 d
e
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n
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n
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e
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 b
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 p
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lita

-
tiv

e
, a

n
d

 th
e

s
e

 a
re

 s
till th

e
 b

e
s
t k

n
o

w
n

, b
u

t th
e

y
 c

a
n

 h
a

rd
ly

 h
e

 s
u

c
-

c
e
s
s
fu

lly
 c

a
rrie

d
 o

u
t w

ith
o
u
t s

o
m

e
 u

n
d
e
rs

ta
n
d
in

g
 o

f th
e
 q

u
a
n
tita

tiv
e
 

u
s
e
 o

f th
e
 s

p
e
c
tro

g
ra

p
h
. T

o
 a

n
 in

c
re

a
s
in

g
 e

x
te

n
t, th

e
 tw

o
 te

c
h
n
iques 

a
re

 u
s
e
d
 in

 c
o
n
ju

n
c
tio

n
. M

o
re

o
v
e
r, q

u
a
n
tita

tiv
e
 s

p
e
c
tro

c
h
e
m

is
try

 h
a
s
 

g
a
in

e
d
 ra

p
id

ly in
 u

se
 a

n
d
 a

cce
p
ta

n
ce

 a
n
d
 p

ro
b
a
b
ly h

a
s b

e
co

m
e
 th

e
 m

o
re

 
im

p
o

rta
n

t. 

Q
u
a
n
tita

tive
 a

p
e
ctro

ch
e
m

ica
l a

n
a
lysis is b

e
a
m

d
 o

n
 th

e
 fa

ct th
a
t w

h
e
n
 

a
 se

rie
s o

f sp
e
cim

e
n
s m

a
d
e
 u

p
 o

f tw
o
 o

r m
o
re

 e
le

m
e
n
ts co

n
ta

in
s o

n
e
 e

le
-

m
e

n
t in

 sm
a

ll a
n

d
 d

e
cre

a
sin

g
 a

m
o

u
n

ts, its sp
e

ctra
l lin

e
s g

ro
w

 g
ra

d
u

a
lly 

w
e

a
ke

r a
n

d
 d

isa
p

p
e

a
r in

 a
 d

e
fin

ite
 o

rd
e

r a
n

d
 th

e
ir in

te
n

sitie
s e

re
 sim

p
le

 
fu

n
ctio

n
s o

f th
e
 co

n
ce

n
tra

tio
n
, w

h
e
re

a
s th

e
 re

la
tive

 a
n
d
 a

b
so

lu
te

 in
te

n
si-

tie
s
 o

f th
e
 s

p
e
c
tra

l lin
e
s
 o

f th
e
 m

a
jo

r c
o
n
s
titu

e
n
ts

 re
m

a
in

 u
n
c
h
a
n
g
e
d
. 

A
n
 e

xa
m

p
le

 o
f th

e
 in

flu
e
n
ce

 o
f co

n
ce

n
tra

tio
n
 o

n
 th

e
 stre

n
g
th

 o
f sp

e
ctra

l  

113.31 	
S

P
E

C
TR

O
C

H
E

M
1C

A
L A

N
A

LY
S

IS
 	

3
2
5
 

lin
e

s is se
e

n
 in

 F
ig

. 1
0

6
, w

h
ich

 sh
o

w
s a

 se
rie

s o
f iro

n
 sp

e
ctra

 co
n

ta
in

in
g

 
s
m

a
ll, k

n
o
w

n
 p

e
rc

e
n
ta

g
e
s
 o

f m
a
n
g
a
n
e
s
e
. A

s
 n

e
a
rly
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p
o

s
s
ib

le
, th

e
 

sp
e
ctra

 w
e
re

 m
a
d
e
 u

n
d
e
r id

e
n
tica

l b
o
n
d
itio

n
a
, as is sh

o
w

n
 b

y th
e

 u
n

ifo
rm

 
in

te
n
s
ity

 o
f th

e
 m

a
rk

e
d
 iro

n
 lin

e
s
. It w

ill b
e
 n

o
te

d
 th

a
t th

e
 m

a
n
g
a
n
e
s
e
 

lin
e
s d

e
cre

a
se

 in
 in

te
n
sity w

ith
 d

e
cre

a
sin

g
 co

n
ce

n
tra

tio
n
 a

n
d
 d

isa
p
p
e
a
r a

t 
d
iffe

re
n
t p

e
rce

n
ta

g
e
 co

n
te

n
ts in

 th
e
 se

q
u
e
n
ce

. 

F
ig

. IO
C

 S
p
e
e
tro

g
n
u
n
s o

f sa
m

p
le

s o
f iro

n
 co

n
 

taining m
anganese in different am

ounts. 

T
h
e
 firs

t c
le

a
r s

ta
te

m
e
n
t o

f th
e
 re

la
tio

n
s
h
ip

 b
e
tw

e
e
n
 c

o
n
c
e
n
tra

tio
n
 

a
n
d
 th

e
 c

h
a
ra

c
te

r o
f th

e
 s

p
e
c
tra

l lin
e
s
 w

a
s
 m

a
d
e
 b

y
 L

o
c
k
y
e
r.' In

 1
8
7
2
 

a
n

d
 1

8
7

3
, in

 th
re

e
 p

a
p

e
rs

 b
e

fo
re

 th
e

 R
o

y
a

l S
o

c
ie

ty
 o

f L
o

n
d

o
n

, h
e

 d
is

-
cu

sse
d
 th

e
 p

o
ssib

ility o
f q

u
a
n
tita

tive
 a

n
a
lysis w

ith
 th

e
 isp

e
ctre

e
se

.o
p
e
, a

n
d
 

in
 a

n
o

th
e

r p
a

p
e

r, w
ith

 W
. C

. R
o

b
e

rts, C
h

e
m

ist o
f th

e
 M

in
t, h

a
 d

m
e

rib
e

d
 

s
o

m
e

 o
b
se

rva
tio

n
s o

n
 a

llo
ys o

f co
p
p
e
r a

n
d
 g

o
ld

, a
n
d
 o

f sin
e
 a

n
d
 ca

d
m

iu
m

. 
L
o
c
k
y
e
r s

ta
te

d
, "A

 c
h
a
n
g
e
 in

 th
e
 p

e
rc

e
n
ta

g
e
 o

f a
n
y
 c

o
n
s
titu

e
n
t o

f a
 

m
e
ta

llic
 a

llo
y
 o

rd
in

a
rily

 c
a
u
s
e
s
 a

 c
h
a
n
g
e
 in

 th
e
 c

h
a
ra

c
te

r o
f th

e
 lin

e
s
 

e
x
h
ib

ite
d
 in

 th
e
 re

s
u
ltin

g
 s

p
e
c
tru

m
, in

 le
n
g
th

, b
rig

h
tn

e
s
s
 o

r th
ic

k
n
e
s
s
; 

a
n
d
 th

e
 p

e
rc

e
n
ta

g
e
 o

f th
e
 c

o
n
s
titu

e
n
ts

 m
ig

h
t b

e
 d

e
te

rm
in

e
d
 b

y
 c

o
m

-
p

a
riso

n
 w

ith
 th

e
 sp

e
ctra

 o
f p

e
rce

n
ta

g
e

s o
f kn

o
w

n
 co

m
p

o
sitio

n
." T

h
e

 first 
syste

m
a
tic stu

d
y o

f q
u
a
n
tita

tive
 a

n
a
lysis w

a
s m

a
d
e
 in

 1
8
8
2
, b

y H
a
rtle

y,' 
a

t D
u

b
lin

, a
n

d
 h

o
 a

p
p

e
a

rs to
 h

a
ve

 m
a

d
e

 th
e

 first su
cce

ssfu
l q

u
a

n
tita

tive
 

a
n
a
lyse

s: th
o
se

 o
f b

e
rylliu

m
 in

 ce
riu

m
 co

m
p
o
u
n
d
s, a

n
d
 m

a
g
n
e
siu

m
 a

n
d
 

ca
lciu

m
 in

 lim
e

sto
n

e
. 

H
a
rtle

y
, a

n
d
 h

is
 im

m
e
d
ia

te
 s

u
c
c
e
s
s
o
rs

, s
u
c
h
 a

s
 P

o
llo

c
k
, a

t D
u
b
lin

, 
a

n
d

 d
e

 G
ra

m
o

n
t, a

t P
a

ris
, m

a
d

e
 th

e
ir a

n
a

ly
s
e

s
 b

y
 c

o
m

p
a

rin
g

 v
is

u
a

lly
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h
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h
il. Trans., 184, 4135, 1874. 

W
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a
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A
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n
s., 1T6, 325, 11184. 



111 3.41 	
S

F
E

C
T

R
O

C
H

E
M

IC
A

L
 A

N
A

L
Y

S
IS

 	
3
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7
 

F
o
r each

 o
f sev

eral k
n
o
w

n
 co

n
cen

tratio
n
s o

f th
e clem

en
t u

n
d
er an

aly
-

sis, G
erlach

's m
eth

o
d

 is to
 ch

o
o

se a referen
ce p

air co
n

sistin
g

 o
f u

 lin
e 

o
f th

e an
aly

sis elem
en

t an
d
 a lin

e o
f th

e referen
ce elem

en
t o

f eq
u
al 

in
ten

sity
 at th

at co
n
cen

tratio
n
. It is aasu

m
rd

 th
at if th

e tw
o
 lin

es o
f a 

referen
ce p

air ap
p
ear w

ith
 eq

u
al in

ten
sity

 in
 th

e sp
ectru

m
 o

f an
y
 sam

p
le, 

th
e
 c

o
n
c
e
n
tra

tio
n
 o

f th
e
 a

n
a
ly

sis e
le

m
e
n
t w

ill b
e
 th

e
 sa

m
e
 a

s in
 th

e
 

referen
ce sam

p
le w

h
o
se sp

ectru
m

 h
ad

 b
een

 p
rev

io
u
sly

 stu
d
ied

. 
A

n
a
ly

sis 
o
f an

 u
n
k
n
o
w

n
 sam

p
le can

 th
en

 b
e carried

 o
u
t b

y
 selectin

g
 v

isu
ally

 th
e 

o
n
e o

f th
ese referen

ce p
airs in

 th
e sp

ectru
m

 fo
r w

h
ich

 th
e tw

o
 lin

es a
re of 

2 

0
 

0
 

z 4
 

•
 

.5 	
..11 	

T 	
.5 	

.9 	
I 0
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R

G
E

X
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A
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G
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F
ig

. 1
0
7
. A

n
a
ly

tic
a
l c

u
rv

e
. T

h
e
 re

la
tio

n
sh

ip
 is 

sh
o

w
n

 b
etw

een
 p

ercen
tag

e co
n

tu
n

t o
f m

an
g

an
ese in

 th
e 

sam
p
le an

d
 th

e relativ
e in

ten
sities o

f th
e an

aly
sis lin

e-
p
air. 

eq
u
al in

ten
sity

. M
o
st o

f th
e m

o
d
ern

 p
ro

ced
u
res u

se o
n
ly

 o
n
e su

ch
 p

air 
o
f lin

es. T
h
eir relativ

e in
ten

sities are d
eterm

in
ed

 b
y
 so

m
e p

h
o
to

m
etric 

p
ro

c
e
d
u
re

 a
n
d
 p

lo
tte

d
 a

s a
 fu

n
c
tio

n
 o

f c
o
n
c
e
n
tra

tio
n
. T

h
e
 re

su
ltin

g
 

g
rap

h
 serv

es as th
e b

asis fo
r th

e d
eterm

in
atio

n
 o

f th
e co

n
cen

tratio
n
 o

f 
an

y
 u

n
k
n
o
w

n
 sam

p
le. If th

e tw
o
 v

ariab
les are p

lo
tted

 o
n
 lo

g
arith

m
ic 

scales, th
e resu

ltin
g

 analytical curve, or w
orking curve, o

v
er a considerable 

range is u
su

a
lly

 v
e
ry

 c
lo

se
 to

 a
 stra

ig
h
t lin

e
. A

n
 e

x
a
m

p
le

 fro
m

 
th

e 
determ

ination o
f m

an
g

an
ese in

 iro
n

 is g
iv

en
 in

 F
ig

. 1
0

7
. 

In
 p

ractically
 all cases, it is im

p
o
ssib

le to
 select a referen

ce elem
en

t 
th

at h
as sp

ectral lin
es w

h
o
se resp

o
n
se to

 so
u
rce flu

ctu
atio

n
s is ex

actly
 

the sam
e as th

at o
f n

eig
h
b
o
rin

g
 lin

es in
 th

e sp
ectru

m
 o

f th
e unknow

n 
elem

ent. 
It is th

erefo
re essen

tial to
 select a p

air o
f lin

es th
at behave 

a
s
 sim

ilarly
 as possible under v

ary
in

g
 co

n
d
itio

n
s; su

ch
 lin

e-p
airs w

ere 
called by G

erlach 
hom

ologous pairs. 
S

in
ce p

ro
x
im

ity
 in

 w
av

e len
g
th

 
avoids v

ariatio
n
 in

 p
late co

n
trast, an

d
 p

ro
x
im

ity
 o

n
 th

e p
late m

in
im

ises 
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th
e sp

ectra o
f th

eir sam
p

le:a w
ith

 th
o

se o
f a

 graded series o
f sam

p
les o

f 
sim

ilar an
d
 k

n
o
w

n
 co

m
p
o
sitio

n
, an

d
 b

y
 ch

o
o
sin

g
 th

e k
n
o
w

n
 sp

ectru
m

 
w

h
ich

 b
eat m

atch
ed

 th
at o

f th
e u

n
k
n
o
w

n
 sam

p
le. S

u
ch

 m
eth

o
d
s o

f 
m

atch
in

g
 sp

ectra, esp
ecially

 if th
ere is n

o
t carefu

l selectio
n
 an

d
 co

n
tro

l o
f 

th
e so

u
rce, can

 b
e ex

p
ected

 to
 g

iv
e o

n
ly

 th
e ro

u
g
h
est accu

racy
, p

erh
ap

s 
1
0
-2

5
 p

er cen
t at b

est, b
ecau

se th
e in

ten
sity

 o
f th

e sp
ectral lin

es o
f a 

m
in

o
r o

r seco
n
d
ary

 co
m

p
o
n
en

t in
n
 so

u
rce is in

flu
en

ced
, n

o
t o

n
ly

 b
y
 th

e
 

ch
aracteristics o

f th
e sp

ectro
g
rap

h
ic ap

p
aratu

s an
d
 b

y
 th

e p
h
o
to

g
rap

h
ic 

tech
n
iq

u
e, b

u
t also

 b
y
 th

e n
atu

re an
d
 am

o
u
n
t o

f o
th

er elem
en

ts in
 th

e 
electro

d
es an

d
 b

y
 ran

d
o
m

 flu
ctu

atio
n
s in 

th
e o

p
eratio

n
 o

f th
e so

u
rce. 

T
h

e d
ev

elo
p

m
en

t o
f q

u
an

titativ
e sp

ectro
ch

ezn
ical an

aly
sis in

 recen
t 

y
ears, w

h
ich

 h
as fo

llo
w

ed
 fro

m
 carefu

l stu
d
y
 o

f each
 step

 o
f th

e p
ro

cess, 
h
as resu

lted
 in

 m
o
re co

n
sisten

t an
d
 co

n
tro

llab
le lig

h
t so

u
rces, b

etter 
p
h
o
to

g
rap

h
ic m

aterials, m
o
re d

irect co
m

p
ariso

n
 m

eth
o
d
s, an

d
, ab

o
v
e all, 

p
recise p

h
o
to

m
etry

 o
f sp

ectral-lin
e in

ten
sities. It n

o
w

 attain
s an

 accu
-

racy
 co

m
p
arab

le to
 th

at o
f ch

em
ical an

aly
sis, an

d
 a sp

eed
 m

u
ch

 g
reater. 

13.4. T
he Internal-Standard Principle 

In
 sp

ite o
f all th

ese im
p
ro

v
em

en
ts in

 tech
n
iq

u
e, p

recise an
d
 rap

id
 

sp
eetro

ch
em

icsi an
aly

sis w
o
u
ld

 b
e d

ifficu
lt, if n

o
t im

p
o
ssib

le, if it w
ere 

still b
ased

 o
n
 th

e u
se o

f ex
tern

al referen
ce stan

d
ard

s, i.e., o
n
 th

e co
m

-
p
ariso

n
 o

f th
e relativ

e in
ten

sities o
f sp

ectral lin
es fro

m
 th

e an
aly

sis sam
p
le 

w
ith

 th
o
se fro

m
 referen

ce stan
d
ard

 sam
p
les tak

en
 sep

arately
 an

d
, p

o
s-

sib
ly

, at a d
ifferen

t tim
e an

d
 o

n
 a d

ifferen
t p

late. T
h

ere are u
n

av
o

id
ab

le 
sm

all flu
ctu

atio
n
s in

 em
u
lsio

n
 sen

sitiv
ity

, in
 em

u
lsio

n
 p

ro
cessin

g
, an

d
, 

ev
en

 in
 th

e b
est o

f so
u
rces, in

 ex
citatio

n
 co

n
d
itio

n
; an

d
 th

ey
 w

o
u
ld

 b
e 

m
ajo

r an
d
 u

n
co

n
tro

llab
le ca

u
ses o

f erro
r. P

resen
t-d

ay
 p

recisio
n
 analysis 

w
as [m

u
le p

o
ssib

le b
y
 th

e d
ev

elo
p
m

en
t, b

y
 G

erlach
," in

 
19'25, 

o
f th

e 
in

tern
al-stan

d
ard

 m
eth

o
d
, an

d
 at p

resen
t, alm

o
st w

ith
o
u
t ex

cep
tio

n
, all 

p
recisio

n
 q

u
an

titativ
e an

aly
sis u

tilisin
g

 em
issio

n
 sp

ectra is b
ased

 o
n

 so
m

e 
v
a
ria

n
t o

f th
is p

rin
c
ip

le
. A

s n
o
te

d
 e

a
rlie

r, a
 m

a
jo

r d
iffic

u
lty

 in
 a

ll 
m

eth
o
d
s o

f m
atch

in
g
 sp

ectra arises fro
m

 lig
h
t-so

u
rce flu

ctu
atio

n
s, w

h
ich

 
can

 resu
lt in

 sp
ectra of u

n
eq

u
al o

v
er-all intensity an

d
 in

ten
sity

 d
istrib

u
-

tio
n
 fro

m
 sa

m
p
le

s o
f id

e
n
tic

a
l c

o
m

p
o
sitio

n
. G

e
rla

c
h
 o

b
se

rv
e
d
 th

a
t 

m
an

y
 o

f th
ese d

ifficu
lties o

f "ex
tern

al referen
ce stan

d
ard

s" are av
o
id

ed
 

w
h
en

 a ch
o
sen

 lin
e o

f th
e elem

en
t u

n
d
er an

aly
sis is co

m
p
ared

 w
ith

 a lin
e 

o
f so

m
e referen

ce elem
en

t in
 th

e sam
e sp

ectru
m

. Q
u

alitativ
ely

, at least, 
th

e tw
o
 lin

es w
ill resp

o
n
d
 in

 th
e sam

e w
ay

 to
 ran

d
o
m

 so
u
rce flu

ctu
atio

n
s 

—
th

ey
 can

n
o
t d

o
 so

 ex
actly

 u
n
less b

o
th

 lin
es h

av
e id

en
tical ex

citatio
n
 

fu
n
ctio

n
s an

d
 u

n
less b

o
th

 elem
en

ts h
av

e id
en

tical v
ap

o
r ten

sio
n
-tem

p
era-

tu
re relatio

n
s. 

 

 

 

 

G
erlach

, 
P

ourolotuan, and 14 W
hoa, of C

lunticul 
A

 n
ety

ris 6
y
 th

e 
E

R
R

IL
 la

rl 
S

p
ectru

m
, C

h
ap

. V
. L

o
n
d
o
n
: A

d
am

 flilg
er, L

td
., 1

9
2
0
. 
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erro
rs d

u
e to

 v
ariatio

n
 in

 em
u
lsio

n
 sen

sitiv
ity

 fro
m

 p
o
in

t to
 p

o
in

t, a 
ro

u
g
h
 selectio

n
 o

f lin
e-p

airs m
ay

 b
e m

ad
e b

y
 ch

o
o
sin

g
 a referen

ce ele- 
m

en
t o

f ap
p
ro

x
im

ately
 th

e sam
e io

n
izatio

n
 p

o
ten

tial an
d
 v

ap
o
r p

ressu
re 

as th
e an

aly
sis elem

en
t, an

d
 th

en
 ch

o
o
sin

g
 fro

m
 th

e tw
o
 elem

en
ts a 

p
air o

f lin
es w

h
ich

, fo
r th

e m
ed

ian
 co

n
cen

tratio
n
 to

 b
e d

eterm
in

ed
, h

av
e 

ab
o
u
t eq

u
al in

ten
sities, are n

ear to
g
eth

er, an
d
, if p

o
ssib

le, arise fro
m

 
tran

sitio
n
s b

etw
een

 ato
m

ic lev
els o

f ab
o
u
t th

e sam
e en

erg
y
 v

alu
es. In

 
any case, th

e d
en

sity
 o

f th
e referen

ce lin
e sh

o
u
ld

 fall w
ith

in
 th

e w
o
rk

in
g
 

ran
g
e o

f d
en

sity
 o

f th
e an

aly
sis lin

e—
in

 g
en

eral, in
 th

e d
en

sity
 ran

g
e fro

m
 

0.3 to 1.0. 
In

 th
e case o

f liq
u
id

 o
r p

o
w

d
ered

 sam
p
les, th

e in
tern

al-stan
d
ard

 
m

a
te

ria
l c

a
n
 re

a
d
ily

 b
e
 a

d
d
e
d
. F

ro
m

 th
e
 w

id
e
 ra

n
g
e
 o

f c
h
o
ic

e
s, a

n
 

elem
en

t o
f p

ro
p
er ex

citatio
n
 p

ro
p
erties can

 o
ften

 b
e fo

u
n
d
. F

u
rth

er-
m

o
re, th

e am
o
u
n
t o

f referen
ce m

aterial ad
d
ed

 w
ill d

eterm
in

e, w
ith

in
 a 

co
n
sid

erab
le ran

g
e, th

e relativ
e in

ten
sities o

f th
e d

esired
 referen

ce lin
e 

an
d
 th

e an
aly

sis lin
e. In

 th
e case o

f so
lid

 sam
p
les, it is d

esirab
le to

 fin
d
 

a referen
ce lin

e fro
m

 th
e sp

ectra o
f th

o
se m

atrix
 co

n
stitu

en
ts th

at are 
p
resen

t in
 am

o
u
n
ts su

fficien
tly

 larg
e to

 in
su

re th
at th

eir lin
e in

ten
sities 

w
ill b

e u
n
affected

 b
y
 an

y
 lik

ely
 v

ariatio
n
 in

 th
e m

in
o
r co

n
stitu

en
ts, 

M
an

y
 su

itab
le lin

e-p
airs w

ill b
e fo

u
n
d
 m

en
tion

ed
 in

 th
e literatu

re o
f 

sp
eetro

ch
em

ical an
aly

sis. T
h
e ch

o
ice Is in

flu
en

ced
 b

y
 th

e so
u
rce co

n
-

d
itio

n
s u

sed
, as w

ell as b
y
 th

e p
ercen

tag
e ran

g
e o

f co
n
ten

t to
 b

e co
v
ered

. 
O

rd
in

arily
, n

o
t all th

e co
n
d
itio

n
s o

u
tlin

ed
 ab

o
v
e can

 b
e fu

lfilled
. E

v
ery

 
effo

rt sh
o
u
ld

 b
e m

ad
e, h

o
w

ev
er, to

 ch
o
o
se th

e b
eat av

ailab
le p

air, b
ecau

se 
th

e fin
al accu

racy
 o

f th
e an

aly
sis is larg

ely
 d

ep
en

d
en

t o
n
 a p

ro
p
er ch

o
ice. 

ft is alw
ay

s ad
v
isab

le, in
 u

n
d
ertak

in
g
 a n

ew
 an

aly
sis p

ro
b
lem

, to
 w

et 
sev

eral p
o
ssib

le altern
ativ

e lin
e-p

airs. M
easu

rem
en

ts sh
o
u
ld

 b
e m

ad
e o

n
 

th
e sp

ectra o
f fo

u
r o

r m
o
re sam

p
les o

f k
n
o
w

n
 co

m
p
o
sitio

n
 co

v
erin

g
 th

e 
an

aly
sis ran

g
e. If th

e in
ten

sity
 ratio

s are p
lo

tted
 ag

ain
st co

n
cen

tratio
n
 

o
n
 lo

g
arith

m
ic scales, as in

 F
ig

. 1
0
7
, 'v

ariatio
n
s w

ill o
rd

in
arily

 b
e fo

u
n
d
 

fo
r th

e d
ifferen

t p
airs, b

o
th

 in
 th

e slo
p
e o

f th
e resu

ltin
g
 an

aly
tical lin

e, 
an

d
 in

 th
e ex

ten
t o

f scatter o
f th

e in
d
iv

id
u
al p

o
in

ts ab
o
u
t th

e lin
e. A

 
pair should be selected w

hich gives a good slope, to insure good sensitivity 
in 

th
e d

eterm
in

atio
n
, an

d
 as little scatter as p

o
ssib

le, to
 in

su
re good 

rep
eatab

ility
 o

r accu
racy

. T
h
e accu

racy
, h

o
w

ev
er, sh

o
u
ld

 b
e ch

eck
ed

 
b
y
 sev

eral teats o
n
 th

e sam
e sam

p
le. If p

o
ssib

le, v
ariatio

n
s in

 th
e o

p
erat-

in
g
 co

n
d
itio

n
s o

f th
e lig

h
t so

u
rce sh

o
u
ld

 b
e m

ad
e to

 ch
eck

 th
e co

n
stan

cy
 

o
f th

e relativ
e in

ten
sity

 o
f th

e p
airs an

d
, th

erefo
re, th

eir effectiv
en

ess in
 

m
in

im
isin

g
 erro

rs cau
sed

 b
y
 so

u
rce flu

ctu
atio

n
s. 

1
3
.5

. C
h
o
ice of L

ight S
ources 

T
h
e accu

racy
 attain

ab
le is g

reatly
 in

flu
en

ced
 b

y
 
th

e ch
o
ice o

f lig
h
t 

so
u
rc

e
, a

s a
m

 a
lso

 th
e
 se

n
sitiv

ity
 a

n
d
 th

e
 a

n
a
ly

tic
a
l ra

n
g
e
. In

 fa
c
t, 

u
n
d
er th

e b
est m

o
d
em

 p
ro

ced
u
res, th

e co
n
tro

llin
g
 erro

r is th
at in

tro
d
u
ced
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b
y
 th

e ran
d
o
m

 flu
ctu

atio
n
s o

f th
e lig

h
t so

u
rce." T

h
e id

eal ep
ectro

ch
em

-
ie.%

) lig
h
t so

u
rce w

ould be one in w
hich each elem

ent in the electrode w
ould 

b
e v

ap
o
rised

 in
to

 th
e d

isch
arg

e, reg
ard

less o
f w

h
at o

th
er elem

en
ts w

ere 
p
resen

t, at a fix
ed

 an
d
 u

n
v
ary

in
g
 rate, an

d
 in

 w
h
ich

 th
e ato

m
s o

f each
 

elem
en

t, o
n
ce v

ap
o
rised

, w
o
u
ld

 h
e ex

cited
 to

 rad
iate a sp

ectru
m

 in
 w

h
ich

 
th

e sp
ectral lin

es v
aried

 in
 in

ten
sity

 w
ith

 co
n
cen

tratio
n
, acco

rd
in

g
 to

 an
 

in
v
ariab

le an
d
 d

efin
ite law

." 
In

 all o
rd

in
ary

 lig
h
t so

u
rces, h

o
w

ev
er, th

e relativ
e in

ten
sities o

f th
e 

lin
es o

f an
y
 o

n
e elem

en
t an

d
 o

f lin
es o

f d
ifferen

t elem
en

ts v
ary

 fro
m

 
in

sta
n
t to

 in
sta

n
t, fo

r a
 v

a
rie

ty
 o

f re
a
so

n
s. In

 e
le

c
tric

a
l d

isc
h
a
rg

e
s, 

flu
ctu

atio
n
s in

 tem
p
eratu

re, cau
sed

 b
y
 cu

rren
t v

ariatio
n
 o

r v
en

tilatio
n
 

ch
an

g
es, resu

lt in
 flu

ctu
atio

n
s in

 th
e relativ

e in
ten

sities o
f 

lin
e
s w

ith
 

d
ifferen

t ex
citatio

n
 fu

n
ctio

n
s. T

h
e p

o
ten

tial g
rad

ien
t in

 a d
isch

arg
e is 

a
ffe

c
te

d
 b

y
 th

e
 io

n
iz

a
tio

n
 p

o
te

n
tia

l o
f a

ll th
e
 a

to
m

s p
re

se
n
t a

n
d
 so

 
depends on th

eir k
in

d
 an

d
 n

u
m

b
er. F

u
rth

er, th
e rate an

d
 o

rd
er in

 w
h
ich

 
d
ifferen

t elem
en

ts ev
ap

o
rate fro

m
 th

e electro
d
es in

to
 th

e d
isch

arg
e 

d
ep

en
d
s o

n
 th

e relativ
e v

ap
o
r p

ressu
res an

d
 b

o
ilin

g
 p

o
in

ts o
f th

e o
th

er 
elem

en
ts p

resen
t, as w

ell as o
n
 lo

cal v
ariatio

n
s in

 electro
d
e tem

p
eratu

re. 
W

h
ile th

e effects o
f th

e w
o
rst flu

ctu
atio

n
s arc elim

in
ated

 b
y
 th

e in
tern

al-
stan

d
ard

 m
eth

o
d
, th

ere are still w
id

e v
ariatio

n
s in

 th
e erro

rs in
tro

d
u
ced

 
b
y
 lig

h
t so

u
rces. A

cco
rd

in
g
ly

, it is im
p
o
rtan

t to
 select th

e lig
h
t so

u
rce 

c
a
re

fu
lly

 a
n
d
 to

 m
a
k
e
 c

e
rta

in
 o

f its b
e
st a

d
ju

stm
e
n
t. F

la
m

e
s, a

rc
h
, 

sp
ark

s, an
d
 g

aseo
u
s d

isch
arg

es all h
av

e th
eir field

s o
f u

sefu
ln

ess. 
T

h
e flam

e h
as b

een
 stro

n
g
ly

 ad
v
o
cated

 b
y
 b

u
n
d
eg

k
rd

h
. (S

ee p
ag

e 
2
1
.) Ills m

e
th

o
d
, sp

ra
y
in

g
 a

 so
lu

tio
n
 in

to
 a

n
 a

c
e
ty

le
n
e
-a

ir fla
m

e
, is 

esp
ecially

 su
itab

le fo
r b

io
lo

g
ical an

aly
ses, su

ch
 as th

o
se o

f so
il, p

lan
t, an

d
 

an
im

al sam
p
les, an

d
 fo

r th
e an

aly
sis o

f read
ily

 so
lu

b
le in

o
rg

an
ic m

aterial. 
L

u
n
d
eg

erd
li ap

p
lied

 it to
 3

4
 o

f th
e co

m
m

o
n
er m

etallic elem
en

ts an
d
 

fo
u
n
d
 th

e sen
sitiv

ity
 to

 b
e fro

m
 0

.0
0
1
 to

 0
.0

0
0
0
0
1
 m

o
l p

er liter. S
in

ce 
h
ig

h
 co

n
cen

tratio
n
s can

 b
e h

an
d
led

 b
y
 sim

p
le d

ilu
tio

n
 o

f th
e sam

p
le, th

e 
m

e
th

o
d
 is a

p
p
lic

a
b
le

 to
 a

lm
o
st a

n
y
 in

itia
l c

o
n
c
e
n
tra

tio
n
.. S

u
ita

b
le

 
referen

ce elem
en

ts are read
ily

 in
tro

d
u
ced

 in
to

 th
e so

lu
tio

n
s. T

h
e erro

r 
is rep

o
rted

 as n
ev

er in
 ex

cess o
f 5

 p
e
r c

e
n
t o

f th
e am

o
u
n
t p

resen
t, a

n
d
 

o
fte

n
 n

o
t m

o
re

 th
a
n
 1

 o
r 2

 p
er cen

t. T
h
is accu

racy
 is as g

o
o
d
 as th

at 
secu

red
 w

ith
 th

e b
est o

f o
th

er so
u
rces, b

u
t th

e m
eth

o
d
 h

as n
o
t b

een
 w

id
ely

 
ad

o
p
ted

 in
 th

is 
co

u
n
try

, 
n
o
 d

o
u
b
t b

ecau
se o

f th
e so

m
ew

h
at g

reater 
co

n
v
en

ien
ce o

f arcs an
d
 sp

ark
s fo

r m
o
at ty

p
es o

f sam
p
les. 

A
s h

as b
een

 n
o
ted

 earlier (S
ee. 2

.3
), th

e d
-c arc, in

 sp
ite o

f its sim
p
lic-

ity
 an

d
 its h

ig
h
 sen

sitiv
ity

 in
 th

e d
etectio

n
 o

f tru
ces o

f im
p
u
rities, is su

b
-

ject to
 erratic flu

ctu
atio

n
s th

at lim
it it, in

 q
u
an

titativ
e w

o
rk

, to
 p

ro
b
lem

s 
tf, H

. C
rew

m
an, H

. A
. S

aw
yer, and H

. B
. V

incent, J. O
pt. S

u
e. 	

U
. 155. 

1943. P
er a recent discussion of epectroclrem

ieal light m
ourner, ace A

. S
, T

, M
. T

s.h
. 

P
ubl., N

o. 76, 1948. 
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S

e
ve

ra
l a

u
to

m
a
tic co

n
tro

lle
rs h

a
ve

 b
e
e
n
 d

e
scrib

e
d
 th

a
t e

lim
in

a
te

 th
e
 

m
a
jo

r flu
ctu

a
tio

n
s in

 a
rc e

u
rre

n
t.'s 

A
 b

e
tte

r fo
rm

 o
f a

rc fo
r q u

a
n
tita

tive
 w

u
rk a

n
d
 o

n
e
 w

h
ich

 is n
e
a
rly, if 

n
o
t qu

ite
, a

s se
n
sitive

 is th
e
 a

-c a
rc (p

a
g e

 2
2
). It ca

n
 b

e
 u

se
d
 in

 p
ra

c-
tica

lly e
ve

ry p
ro

b
le

m
 to

 w
h
ich

 th
e
 d

-c a
rc is a

p
p
lica

b
le

, a
n
d
, in

d
e
e
d
, 

because of the low
er resulting electrode tem

perature, w
ith som

e electrode 
m

a
te

ria
ls th

a
t w

o
u
ld

 m
e
lt o

r b
u
rn

 a
t d

-c a
rc e

le
ctro

d
e
 te

m
p
e
ra

tu
re

s. 
F

o
r a

n
a
lysis in

 w
e
lch

 h
ig

h
 se

n
sitivity is n

e
e
d
e
d
, a

s in
 tra

ce
 a

n
a
lysis 

o
r th

e
 a

n
a
lysis o

f lo
w

 co
n
ce

n
tra

tio
n
s o

f a
n
y kin

d
, it is p

ro
b
a
b
ly th

e
 

m
o
a
t u

se
fu

l so
u
rce

. O
ri g in

a
lly d

e
ve

lo
p
e
d
 b

y D
u
ffcn

d
a
ck a

n
d
 T

h
o
m

p
so

n
 

fo
r L

im
 a

n
a
lysis o

f so
lu

tio
n
s, it h

a
s b

e
e
n
 a

d
a
p
te

d
 to

 sh
e
e
t a

n
d
 e

a
s
t-s

te
e
l 

sa
m

p
le

s b
y S

a
w

ye
r a

n
d
 V

in
ce

n
t, to

 a
lu

m
in

u
m

 a
n
d
 m

a gn
e
siu

m
 a

n
a
lysis 

a
t th

e
 D

o
w

 C
h
e
m

ica
l C

o
m

p
a
n
y la

b
o
ra

to
rie

s, a
n
d
 to

 m
a
n
y sim

ila
r p

ro
b
-

le
m

s. In
 m

o
st a

p
p
lica

tio
n
s, th

e
 e

rro
rs ca

n
, w

ith
 ca

re
, b

e
 ke

p
t u

n
d
e
r 1

0
 

per cent and often to about 5 per cent, or leas, of the am
ount determ

ined. 
A

n
 a

rc o
f so

m
e
w

h
a
t sim

ila
r p

ro
p
e
rtie

s is th
e
 P

fe
ilsticke

r" in
te

rru
p
te

d
 

arc, w
hich has been w

idely adopted in industrial applications in G
erm

any: 
it low

-voltage condenser sets up a
 repeated, arc-like discharge betw

een the 
e
le

ctro
d
e
s. A

s in
 th

e
 ca

se
 o

f th
e
 a

-a
 a

rc
, th

e
 e

le
ctro

d
e
s re

m
a
in

 co
o
le

r 
th

a
n
 th

e
y d

o
 in

s d
-c a

rc; th
e
 re

p
e
a
te

d
 strikin g

  o
f th

e
 a

rc te
n
d
s to

 in
itia

te
 

d
isch

a
rg

e
s fro

m
 a

ll p
a
rts o

f th
e
 e

le
ctro

d
e
 tip

, a
n
d
 th

e
 like

lih
o
o
d
 o

f lo
ca

l 
h
o
t sp

o
ts a

n
d
 e

xtre
m

e
s o

f d
iffe

re
n
tia

l e
va

p
o
ra

tio
n
 a

re
 th

u
s re

d
u
ce

d
. 

T
h
e
se

 in
te

rm
itte

n
t a

re
 fo

rm
s a

re
 n

e
a
rly a

s se
n
sitive

 a
s th

e
 d

-c a
rc a

n
d
 

a
re

 u
se

fu
l fo

r q
u
a
n
tita

tive
 d

e
te

rm
in

a
tio

n
 o

f lo
w

 co
n
ce

n
tra

tio
n
s. 

W
h
e
re

 g
re

a
te

r a
ccu

ra
cy is re

q
u
ire

d
 w

ith
o
u
t th

e
 h

i gh
e
st se

n
sitivity, 

so
m

e
 fo

rm
 o

f co
n
d
e
n
se

d
 sp

a
rk so

u
rce

 is a
lm

o
st e

sse
n
tia

l. T
h
e
 a

ctu
a
l 

se
n
sitivity a

tta
in

a
b
le

 b
y th

e
 sp

a
rk d

e
p
e
n
d
s o

n
 sa

m
p
le

 co
m

p
o
sitio

n
 a

n
d
 

fo
rm

 a
n
d
 o

n
 eq

u
ip

m
e
n
t, a

s w
e
ll a

s o
n
 th

e
 sp

a
rk ch

a
ra

cte
ristics, b

u
t it is 

probably alw
ays leas than the sensitivity attainable by an arc w

ith the sam
e 

sam
ple and apparatus. 

T
h
e
 a

n
a
lytica

l ra
n

g e, how
ever, in gre

a
te

r a
n
d
, 

by a choice of tw
o or three line-pairs to cover successive ran g es, m

ay often 
be from

 a few
 hundredths of a per cent to 20 per c

e
n
t, o

r m
o
re

. T
h
e
 !sp

a
rk 

is th
u
s b

e
tte

r su
ite

d
 to

 co
m

p
o
sitio

n
 a

n
a
lysis th

a
n
 to

 tra
ce

 a
n
a
lysis o

r 
inspection. 

T
h
e
 sim

p
le

 co
n
d
e
n
se

d
 sp

a
rk h

a
s b

e
e
n
 u

se
d
 in

 n
u
m

e
ro

u
s sp

e
ctra

-
ch

e
m

ica
l in

sta
lla

tio
n
s. F

o
r ce

rta
in

 typ
e
d
 o

f sa
m

p
le

d
, it h

a
s p

ro
ve

d
 h

ig
h
ly 

sa
tisfa

cto
ry. T

h
e
 sim

p
le

 sp
a
rk, like

 th
e
 a

rc, h
o
w

e
ve

r, in su
b
je

ct to
 e

rra
tic 

flu
ctu

a
tio

n
s. T

h
e
se

 flu
ctu

a
tio

n
s se

e
m

 to
 b

e
 d

u
o
 la

r ge
ly to

 va
ria

tio
n
 in

 
th

e
 n

u
m

b
e
r o

f o
scilla

tin
g
 a

rc d
isch

a
r ge

s in
 th

e
 tra

in
 w

h
ich

 fo
llo

w
s e

a
ch

 
sp

a
rk b

re
a
kd

o
w

n
 (p

a
g e

 2
5
). In

 so
m

e
 ca

se
s, p

ro
p
e
r ch

o
ice

 o
f th

e
 fre

- 

E
. V

. P
o
tte

r a
n
d
 A

. S
e
e
n
, R

e
v. &

I. lo
a
lc., IS

, 722, 1947, 0. H
. F

e
lle

r/e
y e

n
d
 

W
. M

. H
a
u
l, J. O

p
. S

o
c. A

m
 , 40, 70, 1950. 

•.11
t. P

le
ila

tie
ke

r, Z
. A

ldo/lkundr, 30, 211, 13514 
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req
u
irin

g
  o

n
ly m

o
d
e
ra

te
 p

re
cisio

n
. T

o
 a

 la
rge extent, the difficulties are 

d
u
e
 (p

a
g
e
 2

2
) to

 th
e
 w

a
n
d
e
rin

g  o
f th

e
 ca

th
o
d
e
 sp

o
t, w

ith
 re

su
lta

n
t 

va
ria

tio
n
s, n

o
t o

n
ly in

 th
e
 te

m
p
e
ra

tu
re

 o
f th

e
 d

isch
a
rg

e
, b

u
t a

lso
 in

 th
e
 

lo
ca

tio
n
 o

f th
e
 d

ise
n
g
a
g
in

g
  sp

o
t o

n
 th

e
 ca

th
o
d
e
 a

n
d
 in

 th
e
 d

u
ra

tio
n
 o

f 
d
ise

n
g
a
g
e
m

e
n
t fro

m
 a

n
y o

n
e
 sp

o
t. E

le
m

e
n
ts o

f lo
w

 b
o
ilin

g
 p

o
in

t e
n
te

r 
th

e
 d

isch
a
rge

 m
o
re

 ra
p
id

ly a
n
d
 a

rt d
e
p
le

te
d
 fro

m
 th

e
 d

ise
n
g
a

gin
g
  area 

m
o
re

 ra
p
id

ly th
a
n
 e

le
m

e
n
ts o

f h
igh

e
r b

o
ilin

g  p
o
in

ts
." flu

c
tu

a
tio

n
s
 

fo
llo

w
 in

 b
o
th

 th
e
 re

la
tive

 a
n
d
 th

e
 to

ta
l n

u
m

b
e
r o

f th
e
 d

iffe
re

n
t kin

d
s o

f 
a
to

m
s e

n
te

ring
  th

e
 d

isch
a
rg

e
. T

h
e
 a

rc, th
e
n
, va

rie
s b

o
th

 in
 in

trin
sic 

b
rillia

n
ce

 a
n
d
 in

 to
ta

l in
te

n
sity a

n
d
 vo

lu
m

e
, a

s w
e
ll a

s in
 th

e
 re

la
tive

 
d
istrib

u
tio

n
 o

f in
te

n
sity a

m
o
n
g
 th

e
 d

iffe
re

n
t sp

e
ctra

l lin
e
s. 

W
ith

 th
e
se

 va
ria

tio
n
s in

 th
e
 te

m
p
e
ra

tu
re

, vo
lu

m
e
, a

n
d
 d

e
n
sity o

f th
e
 

d
isch

a
rg

e
, th

e
re

 is
, o

f co
u
rse

, a
 re

la
te

d
 va

ria
tio

n
 in

 th
e
 e

xte
n
t o

f th
e
 

a
b
so

rp
tio

n
, b

y th
e
 o

u
te

r la
ye

rs, o
f th

e
 ra

d
ia

tio
n
 fro

m
 d

e
e
p
e
r w

ith
in

 th
e
 

d
isch

a
rge

. B
y K

irch
h
o
ff's L

a
w

 (p
a
g
e
 8

), th
e
 a

to
m

s o
f th

e
 m

ite
r la

ye
rs 

a
b
so

rb
 th

o
se

 w
a
ve

 le
n
g
th

s w
h
ich

 th
e
y a

re
 th

e
m

se
lve

s a
b
le

 to
 ra

d
ia

te
. 

T
h
e
 re

su
lt is a

 va
ryin

g
  self-absorption, especially of the lines involving the 

lo
w

e
r e

n
e
rg

y sta
te

s o
f th

e
 a

to
m

, w
h
ich

 p
ro

d
u
ce

s a
 gre

a
te

r u
r tin

s " se
lf-

re
ve

rsa
l " o

f th
e
 lin

e
s. E

xce
p
t fo

r th
e
 m

o
st stro

n
gly reversed lin

e
s, w

hich 
m

ay appear as tw
o lines or w

in
gs w

ith a m
ore or less com

pletely absorbed 
ce

n
te

r, th
e
 e

ffe
ct o

f p
a
rtia

l se
lf-re

ve
rsa

l is a
 va

ria
tio

n
 in

 th
e
 a

p
p
a
re

n
t 

in
te

n
sity o

f th
e
 lin

e
s a

ffe
cte

d
. F

o
r lig

h
t so

u
rce

s w
h
ich

 d
o
 n

o
t o

p
e
ra

te
 

at very low
 pressure, w

here absorption is sm
all, varying self-reversal is a 

serious ca
u
se

 o
f flu

ctu
a
tiu

n
 in

 th
e
 re

la
tive

 in
te

n
sitie

s o
f d

iffe
re

n
t lin

e
s 

in
 th

e
 sp

e
ctru

m
)' 

T
o
 so

m
e
 e

xte
n
t th

e
se

 va
ria

tio
n
s w

ill a
ve

ra
ge

 o
u
t o

ve
r th

e
 w

h
o
le

 
e
xp

o
su

re
. T

h
is a

ve
ra

gin
g
 p

ro
ce

ss ca
n
 b

e
 fu

rth
e
re

d
 b

y in
clu

d
in

g  th
e
 

re
su

lts o
f tw

o
 o

r m
o
re

 e
xp

o
su

re
s. A

ctu
a
lly, n

o
 a

m
o
u
n
t o

f a
ve

ra
g
in

g
 

can rem
ove the difficulty entirely, since the relative and absolute intensity 

va
ria

tio
n
s a

re
 n

o
t lin

e
a
r in

 th
e
 va

ria
b
le

s a
n
d
 o

fte
n
 n

o
t e

ve
n
 syste

m
a
tic. 

It is u
su

a
lly d

ifficu
lt to

 re
d
u
ce

 th
e
 so

u
rce

 e
rro

rs b
e
lo

w
 1

0
 p

e
r ce

n
t. 

T
h
e
se

 d
ifficu

ltie
s a

re
 p

a
rticu

la
rly m

a
rke

d
 w

ith
 d

-c a
rcs b

e
tw

e
e
n
 

m
e
ta

llic e
le

ctro
d
e
s, e

sp
e
cia

lly th
o
se

, su
ch

 a
s iro

n
, th

a
t a

re
 su

b
je

ct to
 

o
xid

a
tio

n
 in

 th
e
 a

rc. H
o
w

e
ve

r, w
ith

 g
ra

p
h
ite

 e
le

ctro
d
e
s a

n
d
 p

ro
p
e
r 

electrode shape and current size, reasonable control is possible. In usin
g  

th
e
 g

ra
p
h
ite

 e
le

ctro
d
e
s, th

e
 p

re
ca

u
tio

n
s d

e
scrib

e
d
 in

 S
e
e
. 1

3
.1

 m
u
st b

e
 

o
b
se

rve
d
. T

h
e
 sa

m
p
le

 is o
fte

n
 b

u
rn

e
d
 to

 co
m

p
le

te
 co

n
su

m
p
tio

n
 to

 a
vo

id
 

difficulties from
 differential evaporation of the various elem

ents in the arc. 
U

se
d
 in

 th
is w

a
y, th

e
 d

-c a
rc is a

 va
lu

a
b
le

 so
u
rce

 fo
r irre

g
u
la

r, p
o
o
rly-

co
n
d
u
ctin

g, o
r sm

a
ll sa

m
p
le

s. F
o
r h

igh
ly re

fra
cto

ry m
a
te

ria
ls, su

ch
 a

s 
o
re

s, ce
ra

m
ics, a

n
d
 a

b
ra

sive
s, it is, in

 m
a
n
y ca

e
ca

, th
e
 m

o
st p

ra
ctica

l. 
D

. R
ich

a
rd

so
n
, P

roc. F1yiA
 S

um
m

er C
orti. on S

prvirm
scapy, 1937, page 64. N

ew
 

Y
o
rk

; S
ohn W

iley and B
ona, Inc., 1938. 

"G
. R

. D
is

k
s
 a

n
d
 H

. M
. C

re
a
m

tu
te

, J. O
M

. S
u
r. A

m
., 33, 425, 1943. 
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q
u
e
n
c
y
 o

f th
e
 s

p
a
rk

 c
irc

u
it o

r th
e
 u

s
e
 o

f a
 d

e
-io

n
iz

in
g
 a

ir b
la

s
t o

n
 th

e
 

sp
a
rk g

a
p
 m

a
y g

ive
 su

fficie
n
t co

n
tro

l o
ve

r th
e
 sp

a
rk. 

In
 m

a
n

y
 c

a
s
e

s
 o

f m
e

ta
llic

 a
n

a
ly

s
is

, p
a

rtic
u

la
rly

 in
 th

e
 c

a
s
e

 o
f s

te
e

l, 
a
d
e
q
u
a
te

 c
o
n
tro

l is
 d

iffic
u
lt to

 a
tta

in
, a

n
d
 a

n
 a

u
x
ilia

ry
 s

y
n
c
h
ro

n
o
u
s
 

ro
ta

ry g
a
p
 is u

se
fu

l (F
ig

. 4
, p

a
g
e
 2

.5
). It p

e
rm

its th
e
 sp

a
rk d

isch
a
rg

e
 to

 
pass o

n
ly fo

r a
 b

rie
f in

te
rva

l a
t th

e
 p

e
a
k o

f e
a
ch

 vo
lta

g
e
 cycle

, w
h
ile

 a
n
 a

ir 
b
la

s
t o

n
 th

e
 s

a
m

p
le

 g
a
p
 h

e
lp

s
 d

a
m

p
 th

e
 d

is
c
h
a
rg

e
 tra

in
. O

r th
e
 ro

ta
ry

 
g
a

p
 ca

n
 b

e
 re

p
la

ce
d
 b

y a
 fixe

d
 g

a
p
 q

u
e
n
ch

e
d
 b

y a
 tu

rb
u
le

n
t a

ir b
la

st, 
W

ith
 a

 source o
f th

is
 ty

p
e

, th
e

 in
s
ta

lla
tio

n
 a

t th
e

 fo
u

n
d

ry
 o

f th
e

 F
o

rd
 

M
o
to

r C
o
m

p
a
n
y
, d

e
s
c
rib

e
d
 b

y
 V

in
c
e
n
t a

n
d
 S

a
w

y
e
r," c

a
rrie

s
 o

u
t ra

p
id

 
ro

u
tin

e
 a

n
a
ly

s
e
s
 o

f iro
n
 a

n
d
 s

te
e
l, w

ith
 a

 p
ro

b
a
b
le

 e
rro

r in
 a

 s
in

g
le

 
d

e
te

rm
in

a
tio

n
 o

f th
e

 o
rd

e
r o

f 1
.5

-2
.0

 p
e

r c
e

n
t, A

n
a

ly
s
is

 is
 m

a
d

e
 fu

r 
c
o

p
p

e
r, c

h
ro

m
iu

m
, m

a
n

g
a

n
e

s
e

, m
o

ly
b

d
e

n
u

m
, n

ic
k
e

l, a
n

d
 s

ilic
o

n
, fo

r 
p
e
rc

e
n
ta

g
e
s
 ra

n
g
in

g
 fro

m
 0

.1
 p

e
r c

e
n
t to

 5
 p

e
r c

e
n
t, o

r m
o
re

. T
h
e
 

ra
n
g
e
s a

re
 se

t b
y th

e
 d

e
m

a
n
d
s o

f th
e
 p

ro
b
le

m
; th

e
y co

u
ld

 b
e
 e

xte
n
d
e
d
 

b
y
 s

u
ita

b
le

 c
h
o
ic

e
 o

f lin
e
s
 a

n
d
 e

x
p
o
s
u
re

 c
o
n
d
itio

n
s
. T

h
e
 e

rro
rs

, o
f 

c
o

u
rs

e
, a

ris
e

 o
n

ly
 in

 p
a

rt fro
m

 s
o

u
rc

e
 flu

c
tu

a
tio

n
s
; in

 fa
c
t, th

e
 s

o
u

rc
e

 
e

rro
rs h

e
re

 a
re

 n
e

a
r th

e
ir lo

w
e

r a
tta

in
a

b
le

 lim
it. 

U
n
le

ss th
e
ir re

q
u
ire

m
e
n
ts d

e
m

a
n
d
 th

e
 u

se
 o

f liq
u
id

 sa
m

p
le

s o
r sa

m
p
le

s 
th

a
t ca

n
 b

e
 e

xcite
d

 o
n

ly in
 a

 d
-e

 a
rc, a

lm
o

st a
ll sp

e
ctro

ch
e

rn
ica

l la
b

o
ra

-
to

rie
s n

o
w

 u
se

 so
m

e
 fo

rm
 o

f co
n

tro
lle

d
 sp

a
rk fo

r sa
m

p
le

s o
f m

e
d

iu
m

 to
 

h
ig

h
 co

n
ce

n
tra

tio
n
, a

n
d
 so

m
e
 fo

rm
 o

f in
te

rru
p
te

d
 o

r a
-c a

rc fo
r sa

m
p
le

s 
o
f lo

w
 c

o
n
c
e
n
tra

tio
n
 a

n
d
 fo

r tra
c
e
 o

r p
u
rity

 d
e
te

rm
in

a
tio

n
. N

u
m

e
ro

u
s
 

m
a

n
u

fa
c
tu

re
rs

 s
u

p
p

ly
 u

n
its

 th
a

t in
c
lu

d
e

 o
n

e
 o

r b
o

th
 ty

p
e

s
. T

h
e

s
e

 tw
o

 
s
o

u
rc

e
s
 m

e
e

t a
lm

o
s
t a

ll n
e

e
d

s
 a

n
d

 w
ill p

ro
b

a
b

ly
 te

n
d

 to
 b

e
c
o

m
e

 m
o

re
 

sta
n
d

a
rd

ize
d

 in
 th

e
ir sp

e
cifica

tio
n

s. 
In

 th
e
 u

se
 o

f a
n
y o

f th
e
se

 so
u
rce

s, it is im
p
o
rta

n
t to

 stu
d
y th

e
ir tim

e
-

e
m

issio
n
 ch

a
ra

cte
ristics. 

h
i a

rc
a

, th
e

 m
o

re
 v

o
la

tile
 e

le
m

e
n

ts
 e

n
te

r th
e

 
d

isch
a

rg
e

 e
a

rlie
r th

a
n

 th
e

 le
a

s vo
la

tile
 o

n
e

s, a
n

d
 th

e
 m

o
re

 vo
la

tile
 p

a
ss 

th
ro

u
g

h
 th

e
ir p

e
a

k
 ra

te
 o

f e
m

is
s
io

n
 e

a
rlie

r th
a

n
 th

e
 le

s
s
 v

o
la

tile
. If th

e
 

s
a

m
p

le
 is

 n
o

t in
 p

e
lle

t fo
rm

 o
r in

 a
 g

ra
p

h
ite

 e
le

c
tro

d
e

 s
o

 th
a

t it c
a

n
 b

e
 

c
o
m

p
le

te
ly

 b
u
rn

e
d
, th

e
 in

te
rv

a
l d

u
rin

g
 w

h
ic

h
 th

e
 s

p
e
c
tru

m
 is

 re
c
o
rd

e
d
 

m
u
s
t b

e
 e

a
re

fu
lly

 c
h
o
s
e
n
. W

ith
 s

p
a
rk

 d
is

c
h
a
rg

e
s
, s

o
m

e
 p

re
lim

in
a
ry

 
p
re

-sp
a
rkin

g
 rim

e
, o

r lim
e
-o

f-w
a
il, is n

e
ce

ssa
ry b

e
fo

re
 th

e
 sp

a
rk co

n
d
itio

n
s 

b
e

c
o

m
e

 s
ta

b
iliz

e
d

 a
n

d
 b

e
fo

re
 ra

d
ia

tio
n

s
 fro

m
 th

e
 d

iffe
re

n
t c

o
n

s
titu

e
n

ts
 

o
f th

e
 sa

m
p
le

 a
re

 e
m

itte
d
 in

 a
 co

n
sta

n
t a

n
d
 u

n
ifo

rm
 ra

tio
 to

 o
n
e
 a

n
o
th

e
r. 

T
h
is tim

e
 w

ill d
e
p
e
n
d
 n

o
t o

n
ly o

n
 th

e
 co

n
stitu

e
n
ts o

f th
e
 sa

m
p
le

, b
u
t a

lso
 

o
n
 its

 s
iz

e
 a

n
d
 s

h
a
p
e
, a

n
d
 o

n
 th

e
 p

o
w

e
r in

p
u
t to

 th
e
 s

p
a
rk

. T
h
e
 la

rg
e
r 

th
e
 cro

ss se
ctio

n
 o

f th
e
 sa

m
p
le

 a
n
d
 th

e
 sm

a
lle

r th
e
 p

o
w

e
r, th

e
 lo

n
g
e
r th

e
 

p
re

-sp
a

rkin
g

 tim
e

 w
ill b

e
. T

h
e

 p
re

-sp
a

rkin
g

 tim
e

 fo
r th

e
 co

n
tro

lle
d

 sp
a

rk 
m

a
y va

ry fro
m

 a
 fe

w
 se

co
n

d
s to

 a
s m

u
ch

 a
s a

 m
in

u
te

, d
e

p
e

n
d

in
g

 o
n

 th
e

 

"H
. B

. V
in

ce
n
t a

n
d
 ft. A

_
 S

a
n
yo

, 
A

lg
o
l P

ru
ip

tiA
, 35, 35, 1030.  

c
o
n
d
itio

n
s
. T

h
e
 a

c
c
u
ra

c
y
 o

f th
e
 a

n
a
ly

s
is

 w
ill b

e
 g

re
a
tly

 a
ffe

c
te

d
 b

y
 th

e
 

p
ro

p
e
r c

h
o
ic

e
 o

f th
e
s
e
 e

x
p
o
s
u
re

 in
te

rv
a
ls

. T
h
e
y
 m

u
s
t b

e
 d

e
te

rm
in

e
d
 in

 
e
a
ch

 ca
se

 b
y ca

re
fu

l te
sts. 

13.6. S
am

ple F011111 and S
tandard S

am
ples 

T
h
e
 a

ccu
ra

cy o
f re

su
lts m

a
y b

e
 sig

n
ifica

n
tly a

ffe
cte

d
 b

y th
e
 size

 a
n
d
 

s
h

a
p

e
 o

f th
e

 e
le

c
tro

d
e

s
. W

ith
 th

e
 s

p
a

rk
, fo

r e
x
a

m
p

le
, it. is

 d
e

s
ira

b
le

 
to

 u
s
e
 a

 s
iz

e
 a

n
d
 tip

 fo
rm

 s
u
c
h
 th

a
t th

e
 d

is
c
h
a
rg

e
 w

ill p
la

y
 o

v
e
r it in

 a
 

u
n
ifo

rm
 m

a
n
n
e
r. T

h
is

 e
ffe

c
t m

a
y
 b

e
 a

tta
in

e
d
 b

y
 u

s
in

g
 o

n
e
 fla

t a
n
d
 o

n
e
 

p
o
in

te
d
 e

le
c
tro

d
e
, o

r tw
o
 e

le
c
tro

d
e
s
 w

ith
 b

lu
n
t, c

o
n
ic

a
l tip

s
. T

h
e
 s

iz
e
 

• fie
 • : 7!..- 

F
ig

 1
0

8
. C

h
ill-e

a
st !a

m
p

le
 fro

m
 fo

u
n

d
ry 

m
elt. T

he sam
ple pins are broken from

 the sink 
head for m

ating. 

o
f th

e
 e

le
ctro

d
e
s a

n
d
 th

e
 a

n
g
le

 o
f th

e
 co

n
e
 a

re
 fixe

d
 la

rg
e
ly b

y. th
e
 p

o
w

e
r 

o
f th

e
 s

p
a
rk

 c
irc

u
it. L

a
rg

e
r e

le
c
tro

d
e
s
 a

re
 p

o
s
s
ib

le
 fo

r m
o
re

 p
o
w

e
rfu

l 
o

u
tfits

. In
 s

te
e

l a
n

a
ly

s
is

, fo
r a

 la
rg

e
 o

u
tfit d

ra
w

in
g

 a
b

o
u

t 2
.5

 K
V

A
, 

e
le

c
tro

d
e
s
 ih

r in
. in

 d
ia

m
e
te

r, w
ith

 c
o
n
ic

a
l tip

s
 o

f 1
4
8°  in

c
lu

d
e
d
 a

n
g
le

, 
h
a
v
e
 b

e
e
n
 u

s
e
d
. T

o
 s

e
c
u
re

 u
n
ifo

rm
ity

 o
f e

le
c
tro

d
e
 s

iz
e
 a

n
d
 s

h
a
p
e
 ra

p
-

id
ly

, m
o

s
t ro

u
tin

e
 in

d
u

s
tria

l la
b

o
ra

to
rie

s
 u

s
e

 jig
s
 a

n
d

 g
rin

d
e

rs
. In

 
fo

u
n
d
ry

 in
s
ta

lla
tio

n
s
, s

a
m

p
le

s
 a

re
 u

s
u
a
lly

 c
a
s
t fro

m
 th

e
 m

o
lte

n
 a

llo
y
. 

T
h
e
y sh

o
u
ld

 be s
im

ila
r in

 g
ra

in
 s

tru
c
tu

re
 to

 th
e
 fo

u
n
d
ry

 e
n
d
-p

ro
d
u
c
ts

, 
a
n
d
 th

e
y
 s

h
o
u
ld

 a
e
t q

u
ic

k
ly

, to
 a

v
o
id

 d
iffe

re
n
tia

l s
e
g
re

g
a
tio

n
 o

r lo
s
s
 o

f 
th

e
 m

o
re

 v
o
la

tile
 c

o
n
s
titu

e
n
ts

. It h
a
s
 b

e
e
n
 fo

u
n
d
 s

a
tis

fa
c
to

ry
 to

 c
a
s
t 

th
e
m

 in
 p

e
rm

a
n
e
n
t s

te
e
l m

o
ld

s
, w

h
ic

h
 c

h
ill im

m
e
d
ia

te
ly

 a
n
d
 c

a
n
 b

e
 

re
m

o
v
e
d
 a

t o
n
c
e
 (F

ig
. 1

0
8
). F

ro
m

 o
th

e
r g

e
lid

 m
a
te

ria
ls

, a
p
p
ro

p
ria

te
 

e
le

c
tro

d
e
s
 c

a
n
 b

e
 c

u
t, s

a
w

e
d
, o

r s
ta

m
p
e
d
. S

o
lid

 e
le

c
tro

d
e
s
 fo

r th
e
 a

re
 

lim
y
 b

e
 s

im
ila

rly
 p

re
p
a
re

d
. If th

e
 m

a
te

ria
l is

 in
 th

e
 fo

rm
 o

f c
h
ip

s
 o

r 
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o
th

er irreg
u

lar p
ieces, o

r h
as in

h
o

m
eg

en
eities th

at are sig
n

ifican
t in

 rela-
tio

n
 to

 th
e size o

f th
e sam

p
le to

 b
e u

sed
, o

r if it is n
o
n
-co

n
d
u
ctin

g
, th

e 
sam

p
le m

ay
 b

e cru
sh

ed
 o

r g
ro

u
n

d
 an

d
 p

ack
ed

 in
 a h

o
llo

w
 g

rap
h

ite elet-
tro

d
e. P

o
w

d
ered

 g
rap

h
ite m

ay
 b

e ad
d

ed
 to

 im
p

ro
v

e th
e co

n
d

u
ctiv

ity
 

o
r th

e b
u

rn
in

g
. P

ellets o
f th

e p
o

w
d

ered
 m

aterial, w
ith

 o
r w

ith
o

u
t ad

d
ed

 
g
rap

h
ite, m

ay
 b

e fo
rm

ed
 in h

y
d
rau

lic p
resses o

r b
riq

u
ettin

g
 m

ach
in

es. 
O

rg
an

ic sam
p
les can

 b
e ash

ed
 d

ry
 o

r in
 acid

 an
d
 p

laced
 o

n
 g

rap
h
ite 

electro
d

es. L
iq

u
id

 so
lu

tio
n

s can
 b

e co
n

cen
trated

, if n
ecessary

, an
d

 d
ried

 
o

n
 g

rap
h

ite electro
d

es; th
ey

 can
 b

e sp
ray

ed
 in

to
 flam

es, acco
rd

in
g

 to
 th

e 
L

u
n

d
eg

ard
h

 m
eth

o
d

; o
r th

ey
 can

 b
e sp

ark
ed

 in
 liq

u
id

 g
ap

s. If th
ere 

are no lines in a liquid or pow
dered sam

ple that w
ill give suitable reference 

lin
es fo

r th
e an

aly
tical lin

e p
airs, so

m
e ap

p
ro

p
riate su

b
stan

ce can
 h

e 
ad

d
ed

, in
 so

lu
tio

n
 o

r o
th

erw
ise. 

It is so
m

etim
es h

elp
fu

l, to
o
, in

 arc 
sam

p
les, to

 ad
d
 a "b

u
ffer," su

ch
 as an

 alk
ali salt, w

h
ich

 lo
w

ers th
e arc 

tem
p
eratu

re, red
u
ces th

e b
ack

g
ro

u
n
d
, an

d
 im

p
ro

v
es th

e sen
sitiv

ity
." 

T
here is clearly a w

ide variety of m
ethods for preparing arid using sam

ples. 
T

he im
portant considerations in selecting sam

ple size and form
 are: 

I. T
h
at th

e sam
p
le rep

resen
ts th

e test m
aterial ad

eq
u
ately

 in
 co

m
p
o
sitio

n
 

an
d
 stru

ctu
re. 

2
. T

h
at th

e sam
p

le w
ill b

u
rn

 satisfacto
rily

 in
 th

e lig
h

t so
u

rce ch
o

sen
, 

co
n
su

m
in

g
 en

o
u
g
h
 m

aterial to
 av

erag
e o

u
t m

in
o
r in

h
o
m

o
g
en

eitics in
 

sam
p

le o
r teat m

aterial. 
3
. 

T
h

at th
e sam

p
le can

 b
e calib

rated
 b

y
 sp

ectro
sco

p
ically

 sim
ilar sam

p
les 

of know
n com

position. 

P
ro

v
id

in
g
 stan

d
ard

 sam
p
les o

f k
n
o
w

n
 co

m
p
o
sitio

n
 an

d
 ap

ectro
sco

p
ie 

sim
ila

rity
 is o

f g
re

a
t im

p
o

rta
n

c
e
. T

w
o

 sa
m

p
le

s m
a
y

 b
e
 c

o
n

sid
e
re

d
 

sp
ectro

sco
p
ically

 sim
ilar if, fo

r th
e sam

e co
m

p
o
sitio

n
, th

ey
 g

iv
e th

e sam
e 

relativ
e lin

e in
ten

sities fo
r th

e lin
es o

f all th
eir co

n
stitu

en
ts. F

o
r m

etal 
aru

n
p

let, th
e g

rain
 size an

d
 h

ard
n

ess m
u

st u
su

ally
 b

e th
e sam

e; fo
r salts 

o
r so

lu
tio

n
s, th

e acid
 rad

ical u
su

ally
 m

u
st b

e id
en

tical. T
h

e p
resen

ce o
f a 

fo
reig

n
 elem

en
t in

 o
n

e o
f th

e sam
p

les m
ay

 m
ak

e larg
e d

ifferen
ces in

 th
e 

relativ
e lin

e in
ten

sities. T
h
ere are m

an
y
 in

stan
ces o

f th
ese effects cited

 
in

 th
e literatu

re." 
It is u

su
ally

 m
o
st satisfacto

ry
 to

 p
rep

are th
e stan

d
ard

 
sam

p
les in

 th
e sam

e m
an

n
er as th

e test m
aterial, itself, o

r to
 m

ak
e k

n
o
w

n
 

ad
d
itio

n
s to

 th
e test m

aterial in
 o

rd
er to

 secu
re a series o

f g
rad

ed
 stan

d
-

ard
s an

d
 th

en
 to

 h
av

e carefu
l ch

em
ical an

aly
ses m

ad
e. S

in
ce th

e h
eat 

sp
ectro

ch
em

ical p
ro

ced
u
res are n

o
w

 m
o
re p

recise th
an

 w
et ch

em
ical 

an
aly

sis, u
n
less th

e ch
em

ical resu
lts are to

 lim
it th

e accu
racy

, sev
eral 

carefu
l an

aly
ses m

u
st b

e m
ad

e an
d
 av

erag
ed

. 
T

h
e p

ractical effect o
f th

e req
u

irem
en

t o
f sp

ectro
sco

p
ic sim

ilarity
 

is th
at stan

d
ard

 sam
p

les o
f k

n
o

w
n

 co
m

p
o

sitio
n

 are n
o

t v
ery

 u
sefu

l an
d

 
". F

ar exam
ple, R

. M
srinkold and C

. P
eters, Z

ed.. I. P
ligeik, T

O
, 444, 1931. 

.1  E
xam

ples and bibliography are given by IL
 K

aiser, Z
eit,. 1. aspen&

 PA
psht, 1, I, 

1947. 

few
 are av

ailab
le. T

h
e N

atio
n
al B

u
reau

 o
f S

tan
d
ard

s h
as assem

b
led

 a 
• 

g
o

o
d

 asso
rtm

en
t o

f steel sam
p

les o
f v

aried
 co

m
p

o
sitio

n
; th

e A
lu

m
in

u
m

 
C

o
m

p
an

y
 o

f A
m

erica h
as p

ro
v
id

ed
 so

m
e alu

m
in

u
m

 allo
y
 sam

p
les; a few

 
o

th
er sets o

f m
etal sam

p
les h

av
e b

een
 listed

." T
h

ese sam
p

les are v
alu

-
ab

le fo
r ch

eck
in

g
 p

ro
ced

u
res an

d
 eq

u
ip

m
en

t, sin
ce th

eir ch
em

ical an
aly

ses 
are o

f h
ig

h
 q

u
ality

, b
u

t th
ey

 can
 b

e u
sed

 to
 set u

p
 an

aly
tical cu

rv
es o

n
ly

 
if th

eir sp
ectro

sco
p

ic sim
ilarity

 to
 th

e test m
aterial h

as b
een

 ascertain
ed

. 
13.7. S

election of S
pectrograph 

Q
u
an

titativ
e sp

eetro
ch

em
ical an

aly
sis can

 b
e carried

 o
u
t w

ith
 an

y
 

sp
ectro

g
rap

h
 o

f g
o
o
d
 d

esig
n
 th

at h
as lo

w
 scattered

 an
d
 reflected

 lig
h
t an

d
 

affo
rd

s su
fficien

t d
isp

ersio
n

 to
 sep

arate th
e sp

ectral lin
es o

f th
e sam

p
les. 

It is d
esirab

le to
 attain

 th
e sep

aratio
n
 w

ith
 a alit w

id
th

 o
f 2

0
-6

0
 m

icro
n
s, 

sin
ce th

e resu
ltin

g
 lin

e w
id

th
s lead

 to
 sm

aller m
iero

p
h

o
to

m
eter e

rro
rs. 

A
s larg

e a d
isp

ersio
n
 as p

o
ssib

le is also
 d

esirab
le in

 lin
e sp

ectru
m

 w
o
rk

, 
sin

ce th
e co

n
tin

u
o

u
s o

r u
n

re s
o

lv
ed

 b
an

d
-sp

ectru
m

 b
ack

g
ro

u
n

d
 is th

ereb
y

 
d
ilu

ted
 in

 relatio
n
 to

 th
e lin

e sp
ectru

m
, an

d
 th

u
s b

ack
g
ro

u
n
d
, alw

ay
s 

tro
u

b
le

so
m

e
 in

 p
h

o
to

m
e
tric

 w
o

rk
, is re

d
u

c
e
d

. O
n

 th
e
 o

th
e
r h

a
n

d
, 

sp
ectro

g
rap

h
s o

f sm
aller d

isp
ersio

n
 are g

en
erally

 ch
eap

er an
d
 faster an

d
 

m
ay

 b
e ad

eq
u
ate fo

r sp
ectra w

h
ich

 are n
o
t to

o
 co

m
p
licatial. 

Q
u
artz-p

rism
 sp

ectro
g
rap

h
s are freq

u
en

tly
 u

sed
 b

ecau
se m

an
y
 o

f th
e 

elem
en

ts h
av

e th
eir sen

sitiv
e an

aly
sis lin

es in
 th

e u
ltrav

io
let reg

io
n
s. 

F
o

r q
u

an
titativ

e w
o

rk
, th

is fact is n
o

t o
ften

 im
p

o
rtan

t, b
ecau

se th
e m

o
st 

sen
sitiv

e lin
es are seld

o
m

 su
itab

le. Q
u
artz in

stru
m

en
ts, h

o
w

ev
er, h

av
e 

an
 ad

v
an

tag
e in

 in
d

u
strial lab

o
rato

ries, w
h

ere th
ere m

ay
 b

e d
u

st an
d

 
co

rro
siv

e v
ap

o
rs, in

 th
at q

u
arts o

p
tics resist co

rro
sio

n
 an

d
 w

ith
stan

d
 

c
le

a
n
in

g
 b

e
tte

r th
a
n
 g

ra
tin

g
s. In

 th
e
 p

a
st, a lim

itatio
n

 to
 th

e u
se o

f 
g
ratin

g
 sp

ectro
g
rap

h
s h

as b
een

 th
e lack

 o
f an

 ad
eq

u
ate co

m
m

ercial su
p
-

p
ly

. 
R

eplica gratings of adequate quality for som
e types of w

ork are now
 

av
ailab

le, h
o
w

ev
er, an

d
 sev

eral m
ak

ers are su
p
p
ly

in
g
 o

rig
in

al g
ratin

g
s o

f 
suitable size. T

he sim
plicity of grating spectrographs, their large dispersion 

and resolving pow
er in the visible region, and the cu

rren
t possibility of higher 

in
ten

sity
 b

y
 u

se o
f "b

lazed
" g

ratin
g
s h

as led
 to

 th
eir m

u
ch

 w
id

er u
se. 

N
um

erous com
m

ercial spectrographs are now
 availabte."A

 
1

3
.8

. P
h

o
to

g
rap

h
ic E

m
ulsion R

aquirem
enu 

M
any d

ifferen
t ty

p
es o

f em
u
lsio

n
s h

av
e b

een
 used. 

T
h

e id
eal m

ate-
rial sh

o
u

ld
 h

av
e: h

ig
h

 co
n

trast, to
 g

iv
e satisfactory sensitivity to concen-

tratio
n
al v

ariatio
n
; sm

all g
rain

 v
ise an

d
 lo

w
 ch

em
ical fo

g
, to

 red
u
ce 

p
h

o
to

m
eter erro

rs; u
n

ifo
rm

 sen
sitiv

ity
 an

d
 co

n
trast o

v
er a w

ide spectral 
range, to av

o
id

 th
e n

ecessity
 o

f m
o

re th
an

 o
n

e calib
ratio

n
 cu

rv
e. S

u
ch

 
"S

tandard S
am

ple., for S
pectroebem

ical A
nalysis, A

. II. T
. M

. T
ech

. P
u

b
l. N

o 
58-A

, 1947. 
"" Jarrell, R

. F
., in

 The E
ncyclopedia of Specereacepy, p. 179. B

altim
ore: R

einhold 
P

ublishing C
o., 1960. R

eview
 of available com

m
ercial grating spectrographs. S

. S
. 

B
erm

an, I'. T
ym

chok. and D
. S

. R
ussell, A

pplied Specirooeupy. 16,124,1961. D
iscussion 

of optim
um

 conditions for use of large E
bert epeetrogniph in spectroehom

ioal an
alytic 
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em
u
lsio

n
s are u

su
ally

 slo
w

, b
u
t lo

w
 sp

eed
 is o

ften
 d

esirab
le to

 p
erm

it lo
n
g
 

e
n
o
u
g
h
 e

x
p
o
su

re
s fo

r g
o
o
d
 sa

m
p
lin

g
 o

f th
e
 m

a
te

ria
l. C

o
n
tra

st a
n
d
 

p
ro

cess em
u
lsio

n
s satisfacto

rily
 fill m

o
st o

f th
ese req

u
irem

en
ts. T

h
e 

K
o
d
ak

 S
p
ectru

m
 A

n
aly

sis N
o
. 1

 E
m

u
lsio

n
, d

ev
elo

p
ed

 esp
ecially

 fo
r th

e 
ep

ectro
ch

em
istry

 o
f m

etals, co
m

b
in

es m
o
st o

f th
e p

ro
p
erties o

f co
n
trast 

em
u
lsio

n
s w

ith
 rap

id
 p

ro
cessin

g
, m

ad
e p

o
asib

le b
y
 a th

in
, h

ard
 g

elatin
e 

lay
er. T

h
in

 em
u
lsio

n
, h

o
w

ev
er, d

o
es n

o
t h

av
e so

 lo
n
g
 a reg

io
n
 o

f u
n
ifo

rm
 

co
n
trast as d

o
 so

m
e o

f th
e o

th
er em

u
lsio

n
s, It m

u
st th

erefo
re b

e u
sed

 w
ith

 
cau

tio
n
 ab

o
v
e 3

4
0
0
A

 o
r b

elo
w

 2
4
0
0
A

. K
o
d
ak

 S
p
ectru

m
 A

n
aly

sis N
o
. 2

 
E

m
u
lsio

n
 h

as a m
u
ch

 lo
n
g
er ran

g
e (2

4
0
0
A

-4
4
0
0
A

), o
f n

early
 u

n
ifo

rm
 

co
n
trast, b

u
t a lo

w
er co

n
trast th

an
 S

p
ectru

m
 A

n
aly

sis N
o
. 1

 E
m

u
lsio

n
. 

W
h
atev

er th
e em

u
lsio

n
 u

sed
, a sig

n
ifican

t so
u
rce o

f ex
p
erim

en
tal 

erro
r is g

rain
, w

h
ich

 lead
s to

 v
ariatio

n
 in

 m
icro

p
h
o
to

m
eter read

in
g
s in

 
su

ccessiv
e settin

g
s o

n
 th

e sam
e lin

e b
ecau

se o
f th

e d
ifferen

ce in
 th

e 
n
u
m

b
er o

f g
rain

s in
clu

d
ed

. T
h
e u

n
certain

ty
 can

 be red
u
ced

 b
y
 in

creas-
in

g
, as m

u
ch

 as p
o
ssib

le, th
e area o

f th
e sp

ectral lin
e p

h
o
to

rn
etcred

; 
th

e erro
r, in

 fact, is in
v
ersely

 p
ro

p
o
rtio

n
al to

 th
e sq

u
are ro

o
t o

f th
is arm

. 
S

aw
y
er an

d
 V

in
cen

t" h
av

e sh
o
w

n
 th

at b
y
 u

sin
g
 a p

h
o
to

rn
etered

 area as 
largo a

s five m
illim

eters lo
n
g
 an

d
 5

0
 m

icro
n
s w

id
e, th

e m
ean

 erro
r, u

n
d
er 

fav
o
rab

le co
n
d
itio

n
s, can

 b
e k

ep
t as lo

w
 as 1

 p
er cen

t. 
E

rro
rs also

 arise fro
m

 v
ariatio

n
s in

 em
u
lsio

n
 sen

sitiv
ity

 fro
m

 p
o
in

t to
 

p
o
in

t. S
in

ce th
ese erro

rs ten
d
 to

 in
crease w

ith
 d

istan
ce, it is h

ig
h
ly

 
d
esirab

le to
 h

av
e th

e referen
ce p

air o
f lin

es clo
se to

g
eth

er o
n
 th

e p
late—

w
ith

in
 a m

illim
eter o

r tw
o
 if p

o
ssib

le. 

13.9. P
hotom

etric P
rocedure 

A
lm

o
st an

y
 o

f th
e m

eth
o
d
s fo

r th
e p

h
o
to

m
etric d

eterm
in

atio
n
 o

f lin
e 

in
ten

sities d
escrib

ed
 in

 C
h
ap

. 1
2
 m

ay
 b

e u
sed

 in
 q

u
an

titati-e sp
ectra-

ch
em

ical an
aly

sis. S
in

ce th
e in

ten
sities o

r relativ
e in

ten
sities o

f co
m

-
p
arativ

ely
 few

 lin
es in

 th
e sp

ectru
m

 are n
eed

ed
, a sp

o
ttin

g
, o

r n
o
n
reco

rd
-

in
g
, m

ic
ro

p
h
o
to

m
e
te

r is u
su

a
lly

 m
o
re

 c
o
n
v
e
n
ie

n
t th

a
n
 a

 re
c
o
rd

in
g
 

in
stru

m
en

t. 

It is d
esirab

le to
 p

h
o
to

m
eter a co

n
sid

erab
le len

g
th

 o
f lin

e, say
 fro

m
 

th
ree to

 fiv
e m

illim
eters. S

u
ch

 is len
g
th

 can
 h

ard
ly

 b
e attain

ed
 w

ith
 a 

ro
tatin

g
-secto

r m
eth

o
d
 o

f lin
e w

eak
en

in
g
. T

h
e erro

rs resu
ltin

g
 fro

m
 

th
is m

eth
o
d
, th

en
, w

h
ich

 h
as b

een
 w

id
ely

 u
sed

 b
ecau

se o
f its sim

p
licity

, 
w

ill g
en

erally
 n

o
t b

e so
 sm

all as th
o
se fro

m
 o

th
er m

eth
o
d
s, an

d
, acco

rd
-

in
g
ly

, it sh
o
u
ld

 n
o
t b

e u
sed

 u
n
less so

u
rce an

d
 o

th
er erro

rs m
ak

e th
e 

p
h
o
to

m
eter erro

rs in
sig

n
ifican

t. S
aw

y
er an

d
 V

in
cen

t" h
av

e p
o
in

ted
 o

u
t 

th
at fo

r em
u
lsio

n
s th

at sh
o
w

 recip
ro

city
-law

 failu
re, th

e erro
rs in

tro
d
u
ced

 
b
y
 th

e use o
f th

e ro
tatin

g
 secto

r are o
ften

 b
y
 n

o
 m

ean
s n

eg
lig

ib
le, ev

en
 

R
. A

. S
aw

yer and H
. B

. V
inceet, J

. O
pt So,. A

 ra., 31, 47, 1041. 
R

. A
. S

aw
yer and It S

. V
iecent, J. O

pt. Sae. A
rk

, 13, 247, 1043. 

113.91 	
SPEC

TR
O

C
H

EM
IC

A
L A

N
A

LY
SIS 	

3
3
7
 - 

at h
ig

h
 secto

r sp
eed

s. L
ik

ew
ise, in

ten
sity

 m
ark

s estab
lish

ed
 b

y
 tim

e 
v
ariatio

n
 o

f ex
p
o
su

re to
 a fix

ed
 so

u
rce are u

n
d
er su

sp
icio

n
. 

If th
e calib

ratio
n
 m

ark
s can

 b
e th

e sp
ectral lin

es th
em

selv
es, o

r m
ark

s 
o
f sim

ilar sin
e, d

ifficu
lties fro

m
 th

e S
ch

w
artzsch

ild
-V

illig
er effect in

 th
e 

m
icro

p
h
o
to

m
eter an

d
 fro

m
 th

e E
b
erlu

trd
 effect in

 th
e em

u
lsio

n
 w

ill b
e 

re
d
u
c
e
d
. In

 m
o
st c

a
se

s of 
rap

id
 an

d
 ex

ten
siv

e ro
u
tin

e sp
ectro

p
h
o
to

-
m

etry
, tim

e arid
 em

u
lsio

n
 w

ill b
e sav

ed
 if calib

ratio
n
 is m

ad
e w

ith
 lin

es o
f 

k
n
o
w

n
 relativ

e in
ten

sity
 in

 th
e test sp

ectra. F
ro

m
 th

e lin
es o

f o
n
e o

f 
th

e m
ajo

r m
atrix

 elem
en

ts, lin
es o

f in
v
arian

t relativ
e in

ten
sity

 can
 b

e 
selected

 th
at are m

em
b
ers o

f th
e sam

e m
u
ltip

let o
r series o

r are fro
m

 th
e 

sam
e in

itial lev
el. T

h
e in

v
arian

ce o
f th

e lin
e in

ten
sity

 ratio
s sh

o
u
ld

 b
e 

ch
eck

ed
 ex

p
erim

en
tally

, o
f co

u
rse. A

ctu
ally

, o
n
ly

 o
n
e p

air o
f lin

es o
f 

su
itab

le in
ten

sity
 ratio

 is n
eed

ed
; ad

d
itio

n
al p

o
in

ts o
n
 th

e cu
rv

e can
 b

e 
o
b
tain

ed
 fro

m
 o

n
e o

r tw
o
 m

o
re sim

u
ltan

eo
u
s sp

ectra m
ad

e w
ith

 p
arts o

f 
th

e slit co
v
ered

 w
ith

 a n
eu

tral filter o
r a ro

ck
in

g
 screen

 o
f k

n
o
w

n
 tran

s- 
m

issio
n
. F

o
r all th

e p
lates in

 o
n
e b

o
x
 o

r in
 o

n
e em

u
lsio

n
 lo

t, th
e slim

e 
calib

ratio
n
 cu

rv
e w

ill u
su

ally
 su

ffice if u
n
ifo

rm
 an

d
 m

ech
an

ical p
late- 

p
ro

cessin
g
 tech

n
iq

u
es are em

p
lo

y
ed

. T
h
e cu

rv
e can

 h
e ch

eck
ed

 b
y
 read

- 
in

g
 th

e ratio
 o

f th
e in

v
arian

t p
air o

n
 each

 in
d
iv

id
u
al sp

ectru
m

 an
d
 sh

ift- 
in

g
 th

e cu
rv

e slig
h
tly

 o
r m

u
ltip

ly
in

g
 th

e an
aly

tical lo
g
 I ratio

s b
y
 th

e 
n
ttio

 o
f th

e
 sta

n
d
a
rd

 to
 th

e
 n

e
w

 in
v
a
ria

n
t lo

g
 I re

tie
. It sh

o
u
ld

 h
e
 

n
o
ted

 th
at sin

ce o
n
ly

 relativ
e lin

e in
ten

sities are req
u
ired

 fo
r th

e an
a- 

ly
tical cu

rv
e (F

ig
. 1

0
7
), it is n

o
t n

ecessary
 to

 fix
 accu

rately
 th

e sera 
eith

er o
f in

ten
sity

 o
r o

f g
alv

an
o
m

eter d
eflectio

n
 (d

en
sity

). O
n
ly

 d
iffer-

en
ces o

n
 th

ese scales are u
sed

 (see p
ag

e 2
7
4
). 

A
s w

as p
o

in
ted

 o
u

t in
 S

ec. 1
3

.4
, an

aly
tical d

eterm
in

atio
n

s are m
ad

e 
b
y
 ap

p
ly

in
g
 th

e lu
g
 I ratio

s o
f th

e an
aly

sis p
air, d

eterm
in

ed
 fro

m
 th

e 
em

u
lsio

n
 calib

ratio
n

 cu
rv

e, to
 th

e p
rev

io
u

sly
-d

eterm
in

ed
 an

aly
tical cu

rv
e. 

In
 larg

e-scale an
aly

sis, th
is red

u
ctio

n
 is m

ad
e b

y
 m

ean
s o

f so
m

e fo
rm

 o
f 

co
m

p
u
tin

g
 o

r tran
sp

o
sin

g
 h

o
ard

 th
at co

m
b
in

es a ch
art o

f th
e em

u
lsio

n
 

cu
rv

e w
ith

 a slid
e-ru

le scale em
b
o
d
y
in

g
 th

e an
aly

tical cu
rv

e, S
u
ch

 a 
h
o
a
rd

, d
e
sig

n
e
d
 b

y
 S

a
fry

e
r a

n
d
 V

in
c
e
n
t, is sh

o
w

n
 in

 F
ig

. 1
0
0
. T

h
e
 

calib
ratio

n
 cu

rv
e is m

o
u
n
ted

 o
n
 a d

raw
in

g
 b

o
ard

; th
e lo

g
 I scale fo

r th
e 

cu
rv

e is o
n
 th

e v
ertical cu

rso
r; o

n
 th

e slid
er b

elo
w

 th
e cu

rv
e, th

e v
alu

es 
o
f th

e v
ario

u
s an

aly
tical cu

rv
es are laid

 o
ff b

y
 p

ro
jectio

n
. S

ettin
g
 th

e 
cu

rso
r o

n
 th

e m
icro

p
h
o
to

m
eter read

in
g
 o

f o
n
e lin

e o
f th

e an
aly

tical p
air, 

ad
ju

stin
g

 th
e ap

p
ro

p
riate an

aly
tical scale, an

d
 slid

in
g

 th
e cu

rso
r to

 th
e 

read
in

g
 o

f th
e o

th
er lin

e o
f th

e p
air p

erm
its th

e co
n
cen

tratio
n
 to

 b
e read

 
fro

m
 th

e an
aly

tical scale. M
an

u
factu

rers su
p
p
ly

 v
ario

u
s fo

rm
s o

f th
ese 

tran
sp

o
sin

g
 b

o
ard

s. 
S

trictly
, a p

articu
lar calib

ratio
n
 cu

rv
e is v

alid
 o

n
ly

 fo
r a n

arro
w

 ran
g
e 

o
f w

av
e len

g
th

s. In
 p

ractice, h
o
w

ev
er, th

e co
n
trast cu

rv
e o

f th
e em

u
lsio

n
 

is o
ften

 q
u
ite flat over a w

id
e sp

ectral ran
g
e. an

d
 it is fo

u
n
d
 th

at o
v
er 

th
is ran

g
e, th

e sam
e calib

ratio
n
 cu

rv
e can

 b
e u

sed
 fo

r ro
u
tin

e an
aly

tical 



3
3
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S
P

E
C

T
R

O
C

H
E

M
IC

A
L A

N
A

LY
S

IS
 	

I1
1
3
.1

0
 

w
o

rk, w
ith

o
u

t sig
n

ifica
n

t e
rro

r. F
o

r e
xa

m
p

le
, o

n
e

 cu
rve

 is o
fte

n
 u

se
d

 fo
r 

K
o

d
a

k
 S

p
e

c
tru

m
 A

n
a

ly
s
is

 N
o

. I E
m

u
ls

io
n

, fro
m

 3
4

0
0

A
 to

 2
4

0
0

A
, a

n
d

 
so

m
e
tim

e
s e

ve
n
 a

 little
 b

e
yo

n
d
 th

is ra
n
g
e
. 

d
o

s
in

g
 b

o
a
rd

, s
h

o
w

in
g

 c
a
lib

ra
tio

n
 c

u
rv

e
 a

n
d

 a
n

a
-

ly
tic

a
l s

c
a
le

s
. 

1
3
.1

0
. M

a
g
n
itu

d
e
 o

f E
rro

rs 

T
h
e
 e

rro
rs

 w
h
ic

h
 e

n
te

r in
to

 s
p
e
c
tro

th
e
m

ic
a
l d

e
te

rm
in

a
tio

n
s
 h

a
v
e
 

been 
d
is

c
u
s
s
e
d
 in

 d
e
ta

il b
y
 s

e
v
e
ra

l a
u
tlio

ra
." A

s
 in

 a
ll e

x
p
e
rim

e
n
ta

l 
d
e
te

rm
in

a
tio

n
s
, th

e
 e

rro
rs

 a
re

 e
ith

e
r s

y
s
te

m
a
tic

 o
r ra

n
d
o
m

. T
h
e
 s

y
s
-

te
m

a
tic

 e
rro

rs a
re

 ca
u
se

d
 b

y su
ch

 d
ifficu

ltie
s a

s fa
u
lty a

n
a
lysis o

f sta
n
d
a
rd

 
sa

m
p
le

s, p
la

te
 b

a
ckg

ro
u
n
d
, stra

y lig
h
t o

r se
n
sitivity ch

a
n
g
e
s in

 th
e
 m

icro
-

p
h

o
to

m
e

te
r, a

n
d

 in
c
o

rre
c
t e

m
u

ls
io

n
 c

a
lib

ra
tio

n
. E

v
e

ry
 e

ffo
rt m

u
s
t h

e
 

m
a
d
e
 to

 lo
c
a
te

 a
n
d
 e

lim
in

a
te

, o
r c

o
rre

c
t fo

r, th
e
s
e
 e

rro
rs

. T
h
e
 ra

n
d
o
m

 
e
rro

rs
 a

re
 a

ll a
c
c
id

e
n
ta

l o
r in

d
e
te

rm
in

a
te

, a
n
d
 a

re
 m

a
in

ly
 o

f fo
u
r k

in
d
s
: 

1
, g

ra
in

 e
ffe

c
t a

n
d
 v

a
ria

tio
n
s
 in

 p
h
o
to

g
ra

p
h
ic

 e
m

u
ls

io
n
 s

e
n
s
itiv

ity
; 

2
, lig

h
t-so

u
rce

 flu
ctu

a
tio

n
s; 3

, sa
m

p
le

 in
h
o
m

o
g
e
n
e
itie

s; 4
, m

ie
ro

p
h
o
to

m
-

co
w

 re
a
d
in

g
 e

rro
rs. T

h
e
 re

fe
re

n
ce

s g
ive

n
 d

e
scrib

e
 m

e
th

o
d
s o

f se
g
re

g
a
tin

g
 

a
n
d
 e

v
a
lu

a
tin

g
 th

e
 d

iffe
re

n
t ra

n
d
o
m

 e
rro

rs
. S

u
c
h
 e

v
a
lu

a
tio

n
 is

 v
ita

l 
fo

r im
p
ro

v
in

g
 th

e
 a

c
c
u
ra

c
y
 o

f a
n
y
 s

p
e
c
tro

g
ra

p
h
ic

 p
ro

c
e
d
u
re

, W
ith

 
c
a
re

, th
e
 m

ic
ro

p
h
o
to

m
e
te

r a
n
d
 e

m
u
ls

io
n
 e

rro
rs

 c
a
n
 b

e
 re

d
u
c
e
d
 to
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o
r 0

.3
 p

e
r c

e
n
t, e

a
c
h
. T

h
e
 c

o
n
tro

llin
g
 e

rro
rs

 a
rc

 u
s
u
a
lly

 th
e
 s

a
m

p
le

 
in

h
o
m

o
g
e
n
citie

s a
n
d
 th

e
 e

xcita
tio

n
 flu

ctu
a
tio

n
s. W

ith
 p

ro
p
e
r p

ro
ce

d
u
re

, 
e
xce

p
t in

 ve
ry u

n
fa

vo
ra

b
le

 ca
se

s, th
e
 m

e
a
n
 e

rro
r o

f a
 sin

g
le

 o
b
se

rva
tio

n
 

s
h
o
u
ld

 n
o
t b

e
 o

v
e
r 1

0
 p

e
r c

e
n
t. M

u
c
h
 w

o
rk

 is
 d

o
n
e
 re

g
u
la

rly
 w

ith
 a

n
 

e
rro

r o
f 5

 p
e
r c

e
n
t o

r le
s
s
. W

ith
 th

e
 b

e
s
t e

q
u
ip

m
e
n
t a

n
d
 te

c
h
n
iq

u
e
, 

sta
n

d
a

rd
 d

e
via

tio
n
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