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Flectranic spectra from transition metal fons and complexes are observed
in the visible and UV reglons, Absorption spectra show the particular
wivelengths of light absorbed, that is the particular amount of energy
required to promote an electron from one energy level to a higher level,
whilst emission spectra show the energy emitted when the electron falls
back from the excited level 1o o lower level, Transitions involving the |
outer shell of electrons are generally observed in the wavenumbar region
100000em ' 10 10000em™, but most spectra are measured in the
SO000-10000em ™" region (200-1000nm), The interpretation of spectra
provides a most useful ool for the description and understandirg of the
energy levels present, _ ¥y

ENERGY LEVELS IN AN ATOM .

The energy levels in an atom are described in Chapter 1 in terms of four
quantum numbers:

1. n the principal quantum number which may have values 1, 2,3,4...
corresponding to the first, second, third or fourth shell of electrons -
around the nucleus,

2. [ the subsidiary quantum number, which may have values 0, 1, 2...
(n = 1), and describes the orbital angular momentum or shape of the
orbital. Thus '
s’

noe ] I'= 0  spherical s orbital

n=32 =0 spherical s orbital
| =] dumb-bell shaped p orbital

noe 3 { =0 s orbital
=1  porbiul
[=2 d orbital

3. m the magnetic quantum number may have values from -+, (I=1).
l,l R _,l '

4. m, the electron spin quantum number which hos a value of either +2
or =4,

--F-M l
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SPECTRA
. s oo wods to an clectronx a‘m%e.'}m L ,
Fach of these arrangements COMTEsIy o = desmibed by a foll e |

e 2 Tpeciroscopic Siate, W _ iy
e ones D mdicates hat the [ quasiam =g c’,“: :};f;‘f_‘g
owo, P indicates that L = 1 324 § wiiriy .‘m;-mthf\:ﬂue of the total
prc';iouslv. The lower right hand subscript denotes te e 5% multipl-
quamum‘numbef J, and the upper left superscript md:zn is s o
dtfﬁ'ﬁiﬁh’fiﬁml&cof25+l(wi}:re$ui{mm1: :lP 'qns e
number). The relation between the number o,_qu_ax@ .‘::?n g
resultant spin quantum pumber S, and the multipliaty is &

32.1.

Table 32.1
Unpaired electrons A Multiplicity Name of state
0 0 1 Singlet
1 : 2 Doublet
‘P 2 1 3 Triplet
! 3 i 4 Quartet
4 2 5 Quintet

Thus the symbol °D, (pronounced triplet D two) indicates a D stat) -
hence L = 2: the multiplicity is three, hence S = 1 and the number of -

o ™ unpaired electrons is 2; and the total quantum number J = 2,

All of the spectroscopic terms derived above for a p? configuration’
\*—‘—*\_ . 3 3 - ry
would occur foran ¢xcited state of carbon 1s*, 25", 2p* . 3p*. However. in

the groundstate of the 2 € number

y 28 5 515 imited by
the Pauli exclusion principle since 1o two electrons in t € same atom can

> C7 P -
have all four " quantum num € same. In the ground state conﬁg:ra-
gg_rL, the two p electrons both have the same values of n=2and!=1s0

they must differ in at least one of the remaiming quantum numbers m or ..
is restriction redu

ces the number of terms from 2D, *P,°S. ™D TP and 'S
t0'D,3Pand 15— o

. Nl J
\/l"hls can be shown by writing down only those electronic arrangements

2L m and m, which do not violate the Pagl: Xclusion_principle. For p &
electro;mmymmmagmﬁc- P
quantum number m may have values from + | — 0— -y, giving in this case. . ]
values of m = +1 ) and —1. There are 15 possible combinations (Table
32.2). The values of M, and 4 (the total spin and total orbjta] quantum

numbers in the 2 direction are obtained b i R
addin
m values: ) & the appropriate m, and

MJ’ = st

M) =Tm il
M, has values from +L...0 : . : T
. ' L 05 =L (atotal of 21 + 1 values) and ok
Q'!, has values from +5..:0..,58 (a total of 2§ + 1 values) ) e
| J
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TthandSquanmmnumhcxsamﬁxmdviﬁ:m&muﬁi:

§ ©ndguratior (and hence the spectroscapic term symbal) can be worked

& outfrom the M; and Mg quantum numbers in Table 22 Fre choose the

‘maximum M. value, and seloct the maximum M, sssocizied wits o 1)

g 5 Ms = 1 2nd My =T (number 100 ohe)- 2nd corresponds 10 2 growp

§ ofrermswhere L = 1 and S = LSimce L = Lﬁﬁsmmhtaf‘mfr; and
Snce S = 1, the multiplicity (25 + 1) = 3 .

7= 3,501t i in fact @ triplles P sepae 3
ng the equations above: ’ : g
| L =1 M, m\hwcthcmucs*l.ﬁnd—l
;:md
‘ ifSnl,M;mxyha\-cth:nlucsiLLGand-—l
‘.' .- There are nine combinations of thege oD termse \
« ‘ ML = +1 Ms = 21, Q. -1 . -
o r ML ={ A'S“‘ 'i:. Q‘ _.3“,,/«.4‘
'Era == Ms = 41, Q, -1
] aminztion of Table 322 showx 3 o P
§ v 2 tem symbol 1 4 e Shoved vabuey et
From the una&qg‘nﬁ‘ﬁ?mbimﬁom We 3 .
- ad M, | In this case Ms=0and M, = > nm w&im‘ the
.3“d~7=0.5inch=2 i - " ‘

- Multiplicity of 25 4 3
S My = 0. T

=loRtkag
’ S A Snglet D g
may have vates < > o

gives five combinations ot hy lanaa
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4 values conld T amipnesd

Tablo 32.2 shows that wing ol fhe allash v ol i Bl |
w“};‘“au;}\gil\.(l '\li states aveonat tag ¥ iw HS‘}‘um‘ﬂﬂ?‘"::l:i’;i:?'__""hf::;.i
jmz\it(r ane whigh correspands @ My = AR M""H ‘:Illmln e sl
:;!‘L - ‘(f;ncliﬁ‘ = (. This gives a sl A ‘»*.!‘_\“_P ‘: ‘;\:n b \IN\ 1‘3 phie
Y = : L d a0 . E -‘, “: ‘ KL LA b
Stronic arrangements ag aeenuutssl ine by L hava tha s vl
:{ﬁ:E;gl:::'o;a\x“tl\ai'tl allowed aleetramie GOt iy ¢ “wf‘ **;!:ll;.' Y ;;:‘H’::
fou Mo, and My (o example confignaiian: 1, 4l 2 “-“,('*"\5;5‘; o i
e torm symbl wil seseribs h gt 1 BEES EREE
Combination of the funetions showll ke taken, ad1E s IEIRERL T AL

tribute any one e 4 partiewlay ArcangeEnient

DETERMINING THE GROUND §TATE TERM = Hl INIVE BEIEER

Once the torms are known, they g he wanped in aides af enery. il
the ground state term icentitied by wsing Hynd's e

¢ The terms ave placed in arder depending an HM( “","”l}",‘i':“","' m":
%euvc their § values. ‘The most stable stite has the ".‘.‘{}fﬁ?‘, ) Vi "»-!"i‘:'m";. :
' stability decreases as ¥ decrenses. The grownd siie ﬂi!j!‘4“‘“-‘5"5?"‘*“' IEN
the most unpaired spins because (his gives the I gleciimiatie

epulsion. , _— i the ma
\/'-’Am a given value of &, the state with the highesl ovidie Bs the sl

stable, :

3_If there is still ambiguity, for given values of & and £, (he winillest /

l/ value is the most stable if the subshell is less thin halt filled, and e
biggest J is most stable if the subshell is more than half Alled.

(Hund’s rules should not be used (o predict the order of exeited
configurations such as C 1, 2¢, 2p!, 3p'.)

Applying the first rule to the tevms avising from g in the ground stale ol
carbon the *P state must be the ground state sinee there is only one triplel 8
state, 'D and 'S being singlets. Using the second rule, (he '0 state
corresponds to a value of L = 2 and is more stable than the 'S state where
L = 0. Finally (the triplet P state has (hree terms Py U8 and By, so from

. 3 Y :"‘43‘5——- .,.,.-_‘.‘ﬂ ¥ OB 4 S
the third rule “Py < 7Py < “Pa, The experimentally measured energies for i
the terms arising from the ground state of carbon are shown in Figure 129, '8
It can be seen that for a light atom like carbon, the splitting of (he */* 1erma 5 4
because of the J terms from spin orbit coupling is wach smaller than (he
splitting into 'S, 'D and *P terms resulting from conpling of / quantin)
numbers. For the lighter elements below atomie number 30, the splitting of
levels of different J is small compared with the splitting of levels of
different L (see Figure 32.9); hence Russell-Saunders coupling gives 1he
correct result for the sequence of energy levels or terms for the first row of
transition elements/For the heavier elements, the J splitting is grenter (a0
Jhe L splitting and Russell=Saunders coupling ean no longer be ysed and
Aan alternative form of j-j coupling is used instead, °
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S HRCTRONIC SHECTRA OF TRANSITION META!
FCTRONIC SPECTRA QOF "I"R!\NSI’HON_ METAL COMPLEXES
sectra drise because electrons may be ;a:(\|||¢\}"~ci from one energy '."’""" "
sther. Such electroniv transitions are of high "‘}“'R.\."» :m}l in mltli‘li‘nn
vuch lower energy vibrational and rotational transitions always oceur. The
L ibrational and rotational levels are oo close in encrgy to be resolved into
" separate absorption bands, but they result in considerable hroadening of
i (he clectronic absorption bands in d-d spectra. Band widths are commonly
found 10 be of the arder of 1000-3XKem g .
| The spectrum of i coloured solufion may be measured quite easily using
#o4 spectrophotometer. A beam of monochromatic light obtained using o
‘pism and a narrow shit is passed through the solution and on o a
Cphotoelectric cell. The amount of light absorbed at any particular
{requency can be read off, or a whole frequency range can be scanned, and
the absorbance A plotted as a graph on a paper chart recorder. The
‘ahsorbance was formerly called the optical density. If / is the intensity of
the original beam of light, and / the intensity after passing through the

solution, then
lo)
log ( 1) A

The molar absorption coefficient & is usually calgulated from the
‘absorbance -

a
b

;:g:f; :nl::: lzgicsnt(r(a‘:ﬁ?;;i t::f wlulilo'n ifn mol ™!, and 1 is the path
AP - (C : ommonly lux'\ lung.)h .

B oLallof si:‘om"ml ly p‘o:.mblc‘ clectronic transitions are actually
i tinguis.h bc‘“!)c:)n ‘IC;;‘I 'f d(rr'mala'zcd into a set of selection rules which
v mmmon;:’o:;:c 'i"’d {?:hnddgu}' transitions, ‘Allowed' transi-
Equcntlv krpre: y- ‘Forbidden® transitions do occur, but much less
b Y, and they are consequently of much lower intensity,

";'.L'POﬂc ‘orbital’ selection rule / Y (b fe ,

Ky, A . CHpCA e adllleiases

Rac.. / 7\ » { o g

- Transit; L ~—’ ~ kT 2. L iy _

ons w olve = ) Jrials Jwiy by d

Al = 41 are QE"::O';; a chfvngc in the subsidiary qualnl(um numbc{ b

b.Thus for Ca, & p_(. ::1 1 (’;\'ch and therefore have a high ahsorbanccr

: Coefficient ¢ i 5000-10’(;(;0 l.ch“‘"SCS by +1 and the molar ahsorp:im;

insitions are ‘Laponc' n b‘:;rcs ‘pcr. mol per centimetre, In contrast o =f

. Much lower absorba rbidden’, since the change in/ = (, but sp ‘

i nce are observed (¢ = §-101mo|~? cni’”‘x) bcx ectra of
cause of

bV
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