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Colour and magnetic properties of a complex provides valuable information, |

identification of stereochemistry of complexes.

MAGNETIC PROPERTIES
Definitions of some magnetic properties are listed below :
Pole strength : The strength of a magnet may be expressed in terms of unit poje

unit pole may be defined as a pole that repels or attracts another unit pole placed | .,
away with a force of 1 Dyne. Thus a unit intensity of magnetic field exists at the place

where the unit pole experiences a force of 1 Dyne.

Lines of force : If a magnetic pole is placed at any poin ‘
experience a force in the direction of the magnetic field and under the action of this forc.

it would move freely and follow a path, whose direction at every point is the direction f
the field. Such a path is known as a line of force.

Pole strength and lines of force : A field of unit intensity is taken to give unit lineg
of force per square centimeter. If a pole of strength m is placed inside a sphere of radiyg
one centimeter, then the surface area of the sphere is 4 and a total of 4wm lines of force
will emerge from the pole. At the surface, the number of lines of force, per square
centimeter will be given by 4nm/4n = m pole strength.

Magnetic field strength : Magnetic intensity at any point in a magnetic field can be
defined as the force experienced by a unit pole placed at that point. This force 1s also

known as strength of magnetic field.
m
F=—
7’2

t in a magnetic field. it wil]

The unit of magnetic intensity of field 1s oersted.

1 oersted = 1 dyne/unit pole.
Thus, if a unit pole placed at any point in the magnetic field experiences a force of H

dynes, the strength of the magnetic field will be H oersted. A smaller unit of field strength
is gamma(y) 1072 oersted = v. If a pole of strength mis placed at the point in the field, the
force experienced is given by F = mH dynes.
Intensity of magnetisation : Intensity of magnetisation induced 1n a body by an
applied field is expressed in terms of the pole strength induced per unit area of the body.
l=m/A s (9ed)
m = pole strength induced over a total area A
For a magnetic dipole of length / and pole area A, we can write
I mx [ _ magnetic moment 9
Axl volume

(486)
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Thus, the intensity of magnetisation can be defined alternatively as magnetic
moment per unit volume.

F
B - lux ¢
Area A
. Magnetic flux : The number of lines of force coming out from the pole of the magnet
is called magnetic flux and is denoted by ¢.

Magpetic induction : The lines of force per unit area is called magnetic induction or
flux density. The flux den§1ty 1s directly proportional to magnetic field. When a sample 1s
kept in a magnetic field of strength H (i.e., H lines of force acting per unit area) then the
total lines of force coming out of the sample will be given by the sum of H and that due to

tgz i;li\:ged magnetisation. Since / represents the pole strength induced per unit area, we
c

Magnetic induction

B:fin:}flcdpermsabi:lit{l : It is denoted by P. The permeability of the sample
meas e degree to which the lines of force can penetrat ]
fiald. For air P — 1. penetrate or permeate a magnetic

B=H +4nI ... (9.3)

P=B/H =1+4nl/H . (9.9)

Magnetic permeability is, therefore, the ratio of the density of lines of force within the
body to that under vacuum.

Magnetic susceptibility : The ratio I/H is known as volume susceptibility (x ,) of

the sample. This property is characteristic for a particular compound. This may be
expressed as a proportionately constant.

I<H=I=y,H ... (9.5)

Xo=1I/H .. (9.6)
The susceptibility may be looked upon theoretically as the response of a given sample
to induced magnetisation.
Permeability and susceptibility are both dimensionless quantities.
Gram susceptibility Xg =XuvX%xd

—

... (9.7
d = density of the sample
In practice, susceptibility is usually expressed per unit mass, L.e., specific weight
susceptibility rather than per unit volume.
Molar susceptibility : %, =XgXm m= molecular weight .. (9.8)
Magnetic moment p : In discussion of magneto
chemistry, the susceptibility x is hardly used because of ':- ----------------
cumbersome figures. A more convenient property is the !
magnetic moment. If a magnet is suspended freely, it comes to |
rest with its north pole pointing towards north and sou'Fh pole
towards south due to earth field. Suppose H is the horizontal .
component of earth’s field and m is the pole strength. S! ‘

1 v
Moment = Force x arm of the couple Fig. 9.1 : Turning effecton a

Each pole of the magnet will experience a force equal to magnetic gipcie.
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th Since two poles are opposite in nature, they will form 2 couple such that momep, of
€ couple can be given as :
Moment of the couple = forcex distance

- mH x PN ... (9.9
= mH/sin 02/ . (9.10)
=|.H sin 6 ... (9.1

If 6 =90° then sin90°= 1
H = 1oersted

Moment of the couple =
Thus magnetic moment may be defin
suspended freely in a field of 1 oersted such that it makes an an
direction. The unit of magnetic moment is Bohr magneton
1 BM = 5564 gauss cm mole !

-1
1 Weiss magneton = 1123.5 gauss cm mole

The product ml gives the magnetic moment  of the sample. Experimentally, it is the
ptibility is then converted into

susceptibility of the sample that is determined. The susce f£hest o
magnetic moment with the help of the Curie equation. The susceptibility 1s additive in
property while the square of the moment is additive 1n nature.

ed as the moment of the couple when a magnet |
gle of 90° with the fie]q

TYPES OF MAGNETIC MATERIALS

Magnetic materials can be classified into various ways which are described below :

1. On the basis of Gauss’s Law : Gauss’s Law predicts two types of magnetic
materials :

(i) Paramagnetic substances : Paramagnetic substances when kept in a magnetic
field are attracted towards the magnetic field. Paramagnetism of a substance 1s produced
due to the presence of unpaired electrons and with the increase in number of unpaired
electrons, paramagnetism also increases. Examples are : transition group elements such
as Pt, Cr, Mn, free radicals (trimethyl phenyl radical), complex compounds.

Paramagnetic substances exhibit the following properties :

(1) Paramagnetic substances have small attraction towards the magnetic field as
each unpaired electron produces equal magnetic moment because the magnetic field
produced by these unpaired electrons are not mutually cancelled. Therefore these
substances have some permanent and definite value of resultant magnetic moment i.e. a
combination of spin and orbital magnetic moment. This resultant magnetic moment
overcome the small magnetic field induced by the applied magnetic field with the result
that the paramagnetic substances feel attraction in a magnetic field.

| (2) When paramagnetic substances are placed in a magnetic field, they set in the
direction of x‘nagnetlc field. In a non uniform magnetic field, due to the force of attraction
paramagnetic substances accumulate towards the stronger parts of the magnetic field.



Magnetic Properties of Transition Metal Complexes e

o (311 Paramagnetic substances allows more lines of magnetic force to pass through
m, hence the permeability of a paramagnetic substances is slightly greater than one.

(4) The susceptibility of paramagnetic substances is high, value of guac eptibility for
Paramagnetic substances is 1 to 100 x 1

, (5) Parm.nagnetlk susceptibility i independent of the applied magnetic field but show
Inverse relation to temperature.

(6) fA paramagnetic liquid in U-tube when placed in a magnetic field shows a rise in a
magnetic field.

(7 Tl}e Intens:ty of magnetisation ig greater in paramagnetic substances than that
produced in a vacuum by the same magnetic field.

The paramagnetic susceptibility can be as calculated as
KM =XP +XTIP + X di
where X p = Normal paramagnetic susceptibility
XTIP = Témperature independent baramagnetic susceptibility
X dia = Diamagnetic susceptibility
As we do not generally know the value of xpyp, corrected molar susceptibility XCWO =8

can be represented as

CORR
M =XP ~Adig

Normal paramagnetic susceptibility is given by
Lp =N au?/3kT . (9.12)
where N 4 = Avogadro’s number
1 = Magnetic moment
k = Boltzmann constant =1.38 x 10~16 erg/deg
T = Absolute temperature

The value of magnetic moment obtained by putting the corrected molar susceptibility
instead of ¥ p, 1s termed as effective magnetic moment W of -

N qu? .
Hence xg,!ORR = —Bk—Teff .. (9.13)
CORR
Heff = il .. (9.14)
e - 2
NA

Putting the values of k and N 4, we get

[CORR _m
H off =2-83 XCA‘/I XTB.M. .. (9.15)

gnetic substances are repelled away from the

1d. Diamagnetism of a substance i3 produced
in atomic number,

(ii) Diamagnetic substances : Diama

Magnetic field, when placed in a magnetic fie | :
Qe to the presence of paired electrons and with the increase
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giﬁmgiinetic behavior increases. Examples are Bi, Sb, Au, ”ziov quartz, Zn, Ag, Au, N, y
' magnetic substances show the following properties - ¢
(1) Diamagnetic substances are repelled by magnetic field. Diamagnetism is caygoq
by the presence of paired electrons as the magnetic field produced by one electroy 8
counter balanced or neutralised by the magnetic field produced by the second electr,
because each of the two electrons has equal and opposite magnetic moment. Therefqy
diamagnetic substances have zero resultant magnetic moment with the result they"
experiences repulsion in the magnetic field.
(2) Diamagnetic substances on placing in a magnetic field set themselves at right
angles to the magnetic field. In a non-uniform magnetic field, they accumulate towarq,
the lowest part of the magnetic field.

(3) Diamagnetic substances allows a smaller number of lines of magnetic force to pagg
through as compared to that in vacuum i.e. lines of magnetic force avoid diamagnetic
substances hence the permeability of diamagnetic substances is less than unity.

(4) The susceptibility of diamagnetic substance is negative, value of susceptibility for
diamagnetic substances are very small about —1X 0=,

(5) Diamagnetic susceptibility 1s independent both of the applied magnetic field and
temperature.

(6) A diamagnetic liquid placed in a U-tube shows a depression in a magnetic field.

(7) The intensity of induced magnetisation is less in diamagnetic substances than the
applied magnetic field in vacuum.

(8) All the substances have diamagnetism even by paramagnetic substances because
it is a universal property but it is much weaker than paramagnetism and both work

opposite to each other, hence substance with unpaired electrons show a net
paramagnetism.

The diamagnetic susceptibility 1s expressed as

N e? T _
xa=—25 > 7 .. (9.16)
6me” o
where ¥ 4 = atomic diamagnetic susceptibility

N 4 = Avogadro’s number
= charge on electron
m = mass of electron
¢ = velocity of light,

n = number of electrons

2 .
r; = mean square radius

2. On the basis of interaction between magnetic centres : On the basis of
interaction between magnetic centres, magnetic materials can be divided into two types

(i) Magnetically dilute substances : Magnetically dilute substances are the
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magnetic materials in which the magnetic properties come entirely from the individual
magnetic centres. The individual magnetic centres are sufficiently distant from near
neighbouring magnetic centres to minimise further magnetic interaction. The possibility
of secondary magnetic interaction hetween the neighbouring magnetic centre is ruled out
in these substances.

The magnetically dilute substances ave of two types :

(a) Diamagnetic substances

(b) Paramagnetic substances

(ii)) Magnetically concentrated substances : Magnetically concentrated
substances are the magnetic materials in which the individual magnetic (.'entrer-; are close
enough to initiate magnetic interaction between neighbouring magnetic centres, hence
secondary magnetic interaction exist between the neighbouring magnetic centres

The magnetically concentrated substances can further be classified into three types :

(a) Ferromagnetic substances : In ferromagnetic substances strong magnetic

in magnetic moment is found. In these substances, infinite effective field called domains
are formed. In these domains, the neighbouring spins are aligned parallel. The number of
atoms in each domain ranges from 107 to 1021 Examples are Fe, Co, Ni, alloys of Fe, Co,
Ni, magnetite (Fe;04) ete. Ferromagnetic substances show the following properties :

(1) Ferromagnetic substances exhibit greater force of attraction in a magnetic field.

(2) The permeability of ferromagnetic substances is of the order 103

(3) The susceptibility of ferromagnetic substances is positive and value is very high
ie, ~1x102.

(4) In absence of magnetic field. effective magnetic moment is zero because of random
arrangement of domains. In magnetic field, they align in parallel direction.

(5) Ferromagnetism is quite magnetic field dependent which is described by the
hysteresis curve i.e., the curve between I or B and T at different field strength.

(6) On heating ferromagnetic substances, start loosing their magnetic property
gradually.

After Curie temperature, ferromagnetism is converted into normal paramagnetism.

(7) Above Curie point, susceptibility show inverse relation with temperature but
below Curie point it rises abruptly and show a dependence on magnetic field strength.

In these substances, the magnetic moments of all domains align parallel in the
direction of magnetic field when kept in a magnetic field. As the strength of applied
magnetic field is increased, parallel alignment of domains takes place in greater extent.

At certain field strength, all domains present in the ferromagnetic substances are aligned
parallel to the field. Above this optimum field strength, the magnetic susceptibility does
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not rises with the applied field and therefore it depends on the magnetic field strengy,
jomains in the magnetic field, it tepqg

ly. If the magnetic field is removeq
some extent hence, it is not possih]e

Thermal energy kT opposes the alignment of ¢
to orient magnetic moments of domains random
however the parallel alignment of domain restores to
to randomise, completely, it is termed as hysteresis. .

(b) Antiferromagnetic substances : In nn'.ifnrmmagnet](: substances secondary

. . X . . g 2 10 Tes o v ‘
magnetic interaction hetween neighbouring paramagnetic C“’n”"“ lmk gf!’f]ace with the
result a decrement or lowering of magnetic moment 18 found. In antilerromagnetic

. ) i . . ] ther. [ )
substances, the neighbouring spins (domains) are opposed to each other. Examples are

titanium sesquioxide, MnOg, FeO, copper acetate, oxovanadium (IV) etc. |
In antiferromagnetic substances, the induced magnetism increases with temperature

upto a critical point i.e. Neel point or antiferromagnetic Curie temperaturg. Beyond this
temperature. antiferromagnetic substances behave as normal paramagnetic substances.
The susceptibility above Neel point varies inversely with temperature but below Nee]
point it decreases. The susceptibility of antiferromagnetic substances may depend on
magnetic field strength. ‘

(iii) Ferrimagnetic substances : In these substances, the Ir.lagneFlc centres are
close enough to produce interaction between them and the neighbouring spins are aligned
in opposite directions but the number of opposite spin are less with the result the
resultant magnetic moment of these substances are not zero but have some positive value.

Examples include Fe;0y.

The magnetic susceptibility of these subst
Curie temperature. they behave as paramagnetic substances.

(3) On the basis of magnetic behaviour: When a substance which act as a magnet
due to orbital and spin motion of its electrons is kept in a magnetic field, the magnetic
field produced by the orbital and spin motion of electrons interacts with the applied
magnetic field. The substances do not behave in similar manner and show different
behaviour which is called magnetic hehaviour. The various magnetic behaviour show
difference with respect to (i) sign and values of susceptibilities (i) temperature
dependence of susceptibilities (i11) magnetic field strength dependence of susceptibilities.

On the basis of magnetic behaviour, substances are classified as described below :

(i) Diamagnetic substances : These substances have negative susceptibility and
the numerical values are very small of the order —1x 1075 cgs units. Susceptibility is both
temperature and magnetic field independent.

(ii) Paramagnetic substances : These substances have positive susceptibility and
nun.lerical values. are small of the order 10 — 100 x 107° cgs units. The susceptibility shows
an inverse relation with temperature i.e. varies inversely with temperature but 1s

independent of magnetic field strength.

ances depends upon temperature. Above

| (.iii) Ferromagnetic substances : The susceptibility of ferromagnetic substances 18
positive and numerical values are quite very large of the order 1072 to 104 x 10~ cgs
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units. Abovye Curie

temperature, susceptibility vari
below Curie temper

es inversely with temperature but
ature it rigeg abruptly and it ie dependent on magnetic field strength
also. In thege compounds, the magnetic susceptibility can be taken as sum of mdividual
Paramagnetic susceptibilities, Ty, SPIN interaction energy AK - 9. S),(S),

oupling constant,

ectron spin of | on

where o = exchange ¢
(S); = total ¢)

(), = total electron spin of

ion
(Orbital contribution jg ne

gative)

In ferromagnetic substances, ./ value is positive.

(iv) Antlferromagnetic substances : The susceptibility of antiferromagnetic
substances is positive byt Numerical valye ig very small of the ordey of ~0.1t010x 16~
cgs units. Above Nee]

: point susceptibility varies inversely with temperature but helow
Neel point, it decreases. [t may depend on magnetic field strength.

The spin interaction energy  AE =2J( S)i(8);,

SOME IMPORTANT LAWS

1. Coulomb’s 1aw : The force between two ma

product of their pole strength and inversel
between them. This ca

gnetic poles is directly proportional to
Y Proportional to the square of the distance
n be expressed mathematically ag
mym
F o172 .. (9.17)
r2

le.mlm .. (9.18)
oop2

where m; and my = pole strength of two magnetic poles
r = distance between the two magnetic poles
H = a constant called permeability of the medium (for air p = 1)

2. Gauss’ law : When a substance 13 kept in a magnetic field, total magnetieﬁ
induction or magnetic flux induced in the substance is equal to the sum of strength of
magnetic field and 4x times of pole strength induced per unit area. This can be expressed
mathematically as

B=H +4r] ... (9.19)
where H = strength of magnetic field

- . which can be defi as total
B = total magnetic induction or magnetic flux which can be defined as
number of lineg of magnetic force per unit area

I'=pole strength induced per unit area
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—_— Table 9.1 : Types of Magnetic Materials
Temperature and |
L dependence of x,
Diamagnetic Pairing of | negative, small [ndependent , of [ Hy, N, Na(;].
electrons “1x107%  cgs temperature T and|, KCI, MgCl, |
units magnetic field K4[Fc((;N)(L.
strength H [CO(Nl'lj )e I’(J
Paramagnetic Presence of | positive, small Varies inversely with 0y,
unpaired 10—-100x 107 Femperature but | NiCl; .6H,0,
electrons cgs units independent of | [CoCl4 ]
magnetic field
strength
Ferromagnetic | Assemblege |positive, ~very|Above Curie point, | Metallic iron,
of particles |large, 1072 to|xg varies inversely | Mn-Cu alloys
with 104x107® cgs | with temperature but
unpaired units below Curie point x
electrons rises abruptly an
dependent on
magnetic field
strength
Antiferromagnetic | Two lattice of | positive, very Above Neel Point x, | Copper
particles with | small, ~0.1 to varies inversely Witfl acetate
spins of one 10x107%  cgs|temperature but | monohydrate |
lattice units below Neel point x gl ‘
opposite  to decreases, it may |oxovanadium |
the spins of depend on magnetic | (IV) ‘
the other field strength
lattice  with
the result to
reduce
magnetism |
- |
Ferrimagnetic | Due to | positive, small, | depend on |Fe 04 ,
exg:hange of| 1073 -1074 temperature and \u
spins may depend on
magnetic field |
3. Curie Law : The equation of magnetic susceptibility
N 2
Corr _ A“?ff 9
M = g (9.20)
Cor 3kT
. . T . 5 .
indicates that y M 18 1n1nverse relation to temperature.
Corr Corr (9.21)

Hence

XM oc527)(11/[

= —eC— (Curie law)
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AM ,‘ “ :,
Al y ¢
where C = (a constant) = % Y and is characteristic of the substance under study. The
Paramagnetic
= _ behavior
- = N l ! Yoo
N | = l > E _ T
_::Z-I-:-:-:-Z-::E [ . )\ Ferromagnetic
: =eca x *.| '\ behavior
Diamagnetic liquid Paramagnetic liquid [
’ T ! T
PR Pt
Temperature
- ; T Fig. 9.2 : Plot of temperature vs.
susceptibility
Ferromagnetic substance
(a) in absence of magnetic field (b) in presence of magnetic field
RARREEER]
Ferromagnetic substance
- !
0l
D N I
Antiferromagnetic substance
“— |

Antiferromagnetic substance ]
(a) in absence of magnetic field (b) in presence of magnetic field T T l T T l T T l T T l 11

Ferrimagnetic substance
plot of %}’” “values against 1/T will yield a straight line with slope C which intercepts the
origin. This constant is called Curie constant.

iy S ———

— —
- = g
S/ —

/—_\
T e

Fig. 9.3 : Diamagnetic and paramagnetic samples in a magnetic field.

JLETOE

Paramagnetic D;al\]rg\;g:igc
substance ‘ _ . |
Fig. 9.4 : Effect of magnetic field on paramagnetic and diamagnetic samples
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Ferromagnetic

Curie point
-~

2 P >
N\ ( ()//‘ (4} 3 /

“~__ paramagnetic
N/ .
Neel poinl\?Z\

~~ Antiferromagnetic i -

e 6 : An electron orbit.
v Lsceptibllity-temperature & o

. géi;vh::gfg:g‘i:f;rent magnetic materials.
[ :
2
P 3
J=3
=3 ‘r ‘r J= 9 L=3 1 2
) 2 L=3 :
L_3 ' N 2
s=3 !
2
(a)J=L+S (b)J=L+S—-1 (c)J—L+sz (d)J
d S vectors to produce J.

Fig. 9.7 : Coupling of L an

value of £ and N 4 in above equation

On substituting the

W =2.83\X 0

(1 BM = Bohr magneton. eh/dmm ¢ = 9.27 X 102! erg/gauss)
etic moment of single electron.)

low Curie’s law but there are many paramagnetic

(One BM is magn
ch paramagnetic substances. modified

Many paramagnetic substances fol

substances which do not follow Curie’s law. For su
law also known as Curie-Weiss law is given

2§ = CAT - 6)

0 = Temperature at which the straight line cuts the temperature axis called Cune

form of Curie’s
... (9.22)

temperature or Weiss constant.
Due to presence of molecular field, the magnetic susceptibility varies inversely as the

excess of the temperature over a certain critical value 6 of the temperature.
ferrollfl ;hse;zl;ebot 0 is positive, i.e., above OK, corresponds to the point at which
snall angd miay be e((:)OTes pal'amagnetlsm, For paramagnetic substances, 0 is usually
Curie point 6 wh ef)n S} lzee ozhnegatlve depending upon experimental temperature. Below
e paramagnetic s _— : s :
substances. But it is rarely found as (‘gu ie t substance 1s converted into diamagnetiC
ts : 3 urie - . .
substances is so small that Curie law is fol] Zlnpel ature for most of the paramagnetx
ow L . : ‘
ed the substance 1s called ferromagnetic anc
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if 0 1s negative | :
| Th galtlve t.e., below OK, the substance is called antiferromagnetic.
€ value of u . for the substances which follow Curie-Weiss law is given by
. | ‘ 'll e
Mo =283 xS (T —0) B.M (9.23)
§ 3 :
]
8 ¢
g § b
£
TNa_",, EArs o T(K)
Fig. 9.8 : Plot of the reciprocal of magnetic susceptibility Vs temperature for three magnetic behaviour
(a) Curie law (b) Curle-Weiss law for ferromagnetic substance.
(c) Curie-Weilss law for antiferromagnetic substances.
Bohr magnetons : For a molecule or atom
1 Bohr magneton = ... (9.24)
4nmc
Putting the values of e,h,n, m and ¢, we get
1 Bohr magneton (B.M.) =9.17x1072! gauss cm per molecule
.. h e .
The unit o7 Ime 1s termed as Bohr magneton as the quantum unit of magnetic

moment and thus has the same significance as that of h/2n. the quantum unit of
mechanical momentum.

The numerical value 917x1072! gauss cm per molecule, on multiplying the
Avogadro’s number gives the magnetic moment for a mole. Thus

np =917x1072! x600625x 1023

= 5564 gauss cm per mole
Weiss magneton : Weiss (1911) noticed that iron and nickel have 12360 gauss cm
per atom and 3370 gauss cm per atom saturation moments respectively, with a factor of
1123 .5 gauss cm. per atom common. The two atoms have their saturation moments in the
ratio 11 : 3. Other ferromagnetic substances also have saturation moments per gram the
factor 1123.5 common. This common factor is called the Weiss magneton. Thus
Weiss magneton 1, =1123.5 gauss cm per mole
(magnetic moment per gram molecule)
The value per molecule is obtained by dividing the gram molecular moment by
Avogadro’s number N 4
1123.5
© 6.0625x10

=1.85 X 102! gauss cm per molecule

Haw

23

, oAt b
P-values : pWeiss Magneton : p-value is the factor which when multiplied by the
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Weiss magneton 1123.5 gauss em/mole gives the aaturatiot

Thus,

The p-value can be de
three or more temperatures and a =
straight line. If the curve passes through the origin,

determination of Curie’s constant can be made from X pm
magneton number can be deduced from the relation

If the straight line makes an intercept on the

_ ¢

\,/.‘BR.( '
P=11235 11235

~ 1406VC

Coordination Chem/s,,y

1 moment per gram molecyl,

o 25)

termined by calculating the paramagnetic susceptibility ,

plot is made between 1/x prand T which would be |,

determines the p value if the Curie po

p=1406

Y-axis, Curie-Weiss law 1s followed ang

Curie’s law is followed and tp,
= C/T and from this p, the Wejg,
JC.

int 0 is experimentally available. The

value of 6 gives useful information about the magnitude of the internal molecular field.

The p values provides useful information regar
and presence of water molecules,

double salts.

ding the effect of temperature, solvent
on the magnetic properties of most of the single and

Table 9.2 : Single electron spin-orbit coupling constants (cm ') for different

oxidation states of the first and second transition series elements.

Element 0 +1 +2 + 3 +4 +5 +6

Ti 70 90 120 155

Y (95) 135 170 210 250

Cr (135) (190) 230 275 325 380

Mn (190) (255) (300) 355 415 475 540 |
Fe 255 345 400 (460) 515 555 665

Co 390 455 515 (580) (650) 715 790

Ni = 605 630 (715) (790) (865) 950
Cu = = 830 (875) (960) (1030) | (1130) |
Zr 270 340 425 500 - - -
Nb (365) 490 555 670 750 - -
Mo (450) (630) (695) 820 850 1030 -

Te (550) 740 (850) (990) (1150) | (1260) 1450
Ru 745 900 1000 (1180) | (1350) | (1500) | (1700)
Rh 940 1060 1220 (1360) | (1570) | (1730) | (1950)
Pd = 1420 1460 (1640) | (1830) | (2000) | (2230)
Ag - - 1840 (1930) (2100) 2300 2500 |
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n-
— or trlvalemplan?}:::,t souph“ﬂ constants
r f-electrons | lon |
/”___“ ‘
1 (‘ a4 0 ‘('m )
2 pr.‘lo B40)
‘ | 11
3 Nd ' | l
* Sm™ f“:
5 EU:“ 180
1 360
6 Ga?*
7 3+
i 1720
3+
° Dy 1920
3+
’ o 2080
10 Er3+
11 Tm3+
12 Yb3+
13
Table 9.4 : Spin-orbit coupling constants for first transition
series element ions (in em™)
Jeak 1 Strong Weak }|
Ion | § d- octahedra A octahedral L | tetrahedral | A
Blégeron g:ound ground term ground term
erm |
Ti%* | 155 1 Ty, |+155 “Ty, +155 ’E +155
V3t ol210| 2 Ty |+105 Ty +105 34, +105
4 -
V& 10| 3 Ay, | +5T Ay +57 7 + 57
4m \
Cr’* [275| 3 Ty, | +92 Ay, +92 n +92
Cr* 230 4 E, | +58 Tig -115)  °T, +58
Mn® | 355 | 4 E, | +89 T - 178 5T, + 89
¢ . 6 3
Mn** | 300 | 5 54, - “Toq - 300 A
: 5 - 6 4 _
Fe3+~ 460 5 6 Ay, _ Ty 460 1
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[?92"* [400 F 6 *Tee 100 Ay 'E |~ 10q
Co™ | 580 6 Ty, 146 A 'E 145
Co?* | 515 . ", 179 2, 515| ‘A, 179
Ni%* | 715 7 e 938 i, 715 ‘A, 298
Ni** (630 s g -85 Ay |75 T s
(Cu™ [8s0] o | B, |-sw| By |80 Tp | sy
Table 9.5 : Magnetic Properties of first transition s?erie_s"\ B
Ion S L Gg:;zd ny (BM) u(lﬁidf ks (BM) E::f:i“(‘;;:?‘
| agt Vi) ve | 2 | 2Dy 1.55 3.0 1.73 1.7-18
3d2 (V3) 1 3 3F, 1.63 4.47 2.83 2.7-29
3d?3 (cr¥) 3/2 3 “F3/2 0.70 5.20 3.87 3.7-38
3d4 (Cr2) 9 9 5Dy 0 548 | 4.90 49-53
3d° (M%) | 52 | 0 | Sy, 592 | 592 | 5.92 5.9
3d°® (Fe?") 2 2 °D, 6.70 | 548 | 4.90 5.1-5.5
3d7(Co?*) | 32 | 3 *Fyo 6.64 | 520 | 3.87 43-52
3d® (Ni?") 1 3 S 5.59 5.83 4.47 2.8-4.0
3d¥ (cu?) /2 | 2 “Dy/s 3.55 3.00 1.73 1.7-22
Table 9.6 : Magnetic Properties of Lanthanides
il Number Calculated _ I Experi- |
n4f" )M L, of.‘ A8 Ground g p= \.«’74,“—8%8_+1_) ;!mentalua
paire state g./J (J+1) L
electrons (BM) (BM) (BM)
|
0 |Lal|oO 0 olo| 1§, |- 0 0 Dia |
1 |Cel 3 1 Y2|52| *Fyy |6/7| 2.54 1.7 2.3-25
2 |[Pr| 5 2 14| 3H, |45 358 2.8 3.4-36
3 |Nd| 6 3 y2192| ‘Ig, (811 362 3.9 3.5- 3.6
4 |Pm| 6 4 2 | 4| °I, |35 268 4.9 -




Magﬂeﬂb Properties of Transition Meta| Comploxe °
T
_ N T ' 501
Sm| o A 19| 2/a | 0
| 5 ? 5‘.1‘ 2 | ""3” o/ o
L6 Eu| 3 6 310 \ T | o e 10-18
5 l 0 f) . 4 ad
T Gd| 0 7 72| 72| "8, | o | o SRS
X I 2 | 7.94 .
] ™| 3 6 ) : .- .94 TR R0
i h L /,"’; L "’2\ 0 ;.) 89
: W12 ‘ 94-96
9 |Dy|5 5 |v2fimel 8y |, a e
. i6/2 | 4/3) 1089 & 4 ' A -
j0 |Ho| 6 4 2 | 8 i | et 10.4 -10.5
8154 1060 ' 9 s 8 aid
11 Er | 6 3 Y2 /2 ‘g k Y it
5o |Tm/| b 2 3 | o ’
: 12 : . HG 7/6\ 7.63 29 1-74
13 | Yb| 3 1 Y2| 79| 2 . '
/ / F7/2 §17 4.50 1.7 14-49
Lu| 0 0 0 1 |
14 [ 010 So | - 0 | 0 Dia

_ . _ paired electrons. An elect — .
.t two motions (i) Orbital motion (i) Spin e ctron has associated with

(1) O?bita! motion : Motion of electrong around the nucleus
in an orbit which produces magnetic field perpendicular to the & —

plane of the orbit. The resultant magnetic moment is called orbital A® \
magnetic moment. ©

(2) Spin motion : Motion is caused by the spinning of the
electrons about its axis which generates a magnetic field or Fig. 9.9 : An electron

_ : orbit.
magnetic moment referred to as spin magnetic moment.

The orbital magnetic moment : Assume a single electron of charge eand mass mis
moving around a nucleus O with an average angular velocity ». Then the number of

revolutions made by the electron in one second = 2 and

2n
Orbital magnetic moment = (strength of the current) x (area of the orbit)
= LN X ur 2 (9.26)
2me
where ¢ = velocity of light,
r2 = mean square radius of the orbit

The electron has a characteristic angular momentum which can be expressed n
terms of orbital angular momentum quantum number (). We know
Angular momentum = mor 2 = \fl(l +1)h /2n .. (9.27)
ewr> eh

= _— ... (9.28)
Y I(1+1) ome

*. Therefore orbital magnetic momentjy =
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g = \/,(I +1) ” ... (9 )49,
B-unit of magnetic moment known as Bohr magneton
1 BM = eh =0.27x10 21 orgs/gauss
4nme

where h = Planck’s constant and the charge on electron i measured in electrostatic unitg
If charge on electron is measured in electromagnetic units, then

L BM. = -
4tm

Spin magnetic moment : The ratio of orbital magnetic moment (o r* /2¢) to orbital
angular momentum (mo r~2)is given by ¢/2mc. In the case of spin motion, the correct ratig
1s given by ¢/mc. Thus,

spin magnetic moment = spin angular momentum X ¢/ m¢

psz,/s(s+1)h/2nxe/mc ... (9.30)

ng =2 s(s+1) eh/4nmc ... (9.31)

Lg =2s(s+ 1P ... (9.32)

The orbital equation and spin equation are often written as

u =g II+)p (g=Dand (933

g is called the gyromagnetic ratio i.e, the ratio of the magnetic moment to the
corresponding angular momentum.

Spin-orbit interaction : In Russell-Saunders coupling the interaction of orbital and
spin angular momentum takes place and give resultant inner quantum number or total
angular momentum quantum number . The spin-orbit interaction strength is usually
expressed in terms of spin-orbit coupling constant.

The spin-orbit interaction energy for a single electron may be written as proportional
to Is cos(l, s) where [ and s represent the respective angular momentum and spin vector.
The spin-orbit coupling constant { is thus given as a proportionality constant. On the

vector model, the spin angular momentum Sis added to the orbital angular momentum L
to give the resultant momentum J.where

S=s(s+1) h/2n .. (9.35)
L=J1(+1) h/2m .. (9.36)
J=JJ(J +1) h/2n .. (9.37)

The L and S may combine to give several values of J’s such that they vary integrally
between | L + S|to| L - S|as(L+8),(L+S-1),(L+ S-92)--,0--(L-8+1),(L-S) These
different values suggest that the respective / and s vectors are at different angles so that in
the interaction energy terms, it is the cos(/, s) that changes although the spin-orbit
coupling constant remains the same.
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