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 Gouy’s Method for Determination of Magnetic Susceptibility
The simplest method used for measuring the magnetic susceptibilities of transition metal complexes 

was proposed by a French physicist, named Louis Georges Gouy. In 1889, He obtained a mathematical 
expression revealing that the force is actually proportional to volume susceptibility (K) or the interaction of 
material in a uniform external magnetic field. From this derivation, Gouy suggested that the balance 
measurements taken for tubes of material suspended in a magnetic field could evaluate the expression for 
volume susceptibility. Though Gouy never tested his scientific proposal, this inexpensive and simple technique 
would become a blueprint of the Gouy balance; and therefore, for measuring magnetic susceptibilities. 
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Figure 8. The schematics of Gouy balance. 

               The determination of a magnetic susceptibility depends on the measurement of B/H. From the 
classical description of magnetism, Lenz's law can be stated as: 

𝐵

𝐻
= 1 + 4𝜋𝐾

(23) 

where B/H is called the magnetic permeability of the material and K is the magnetic susceptibility per unit 
volume (I/H). The Gouy’s method includes the measurement of force on the sample by the externally applied 
magnetic field and depends upon the tendency of the sample to align itself in high or low magnetic field 
strength. The force at any given point of the sample (say dx) is given by: 

𝑑𝐹 = µ°𝐻 𝐾𝑑𝑉 
𝑑𝐻

𝑑𝑥

(24) 

Where μ° symbolizes the permeability of the vacuum (value is 1 when using c.g.s. system of units), dV is the 
volume of the sample at point dx, H is the magnitude of the magnetic field at point dx and K represents the 
magnetic susceptibility per unit volume. The Gouy tube, packed uniformly with the sample is placed in the 
magnetic field such that each end of the glass tube experiences a constant field strength. In order to achieve 
this situation, the Gouy’s tube must be packed to a certain height like 10 or 15 cm, and the tube is then hanged 
between the electromagnetic poles in such a way that the bottom of the sample lies in the center of the magnetic 
field (an area where a uniform field strength can be easily achieved); while the top of the sample is out of the 
field (H = 0). Now, the total magnitude of the force acting on the sample can be calculated just by integrating 
the equation (24). 
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𝐹 =
µ°𝐴 𝐾𝐻

2
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Where A is the area of cross-section of the sample. The force can easily be measured by the apparent change 
in mass when the external magnetic field is switched on. 

𝐹 = 𝑔∆𝑤 (27) 

Where g is the acceleration due to gravity and Δw is the apparent deviation in mass. From equation (26) and 
equation (27), we get: 

𝑔∆𝑤 =
µ°𝐴 𝐾𝐻

2

2 (28) 

It is also worthy to mention that some correction must be made for the tube because it possesses its own 
magnetic properties due to air-filled within the tube, and the nature of its construction materials. Therefore, 
equation (28) takes the form: 

𝑔∆𝑤′ =
µ°𝐴 (𝐾 − 𝐾′) 𝐻

2

2 (29) 

Where Δw' = Δw + δ, δ is a constant allowing for the magnetic properties of the empty tube, K' is the volume 
susceptibility of the replaced air. This gives: 

𝐾 =
2𝑔∆𝑤′

µ°𝐴 𝐻2
+ 𝐾′

(30) 

Converting from volume susceptibility (K) to mass susceptibility (χ) leads to: 

𝜒 =
𝐾

𝜌
=
𝐾𝑉

𝑊
=
2𝑔∆𝑤′𝑉

µ°𝐴 𝐻2𝑊
+
𝐾′𝑉

𝑊

(31) 

𝜒 =
𝛽∆𝑤′

𝑊
+
𝐾′𝑉

𝑊

(32) 

𝜒 =
(𝛼 + 𝛽∆𝑤′)

𝑊

(33) 

Where α = K'V is a correction constant incorporated for the air replaced by the sample, β = (2gV)/(μ°AH2) is 
also a constant which depends upon the strength of the magnetic field and W is the weight of the sample under 
consideration. In order to measure the mass susceptibility a sample more accurately, the predetermine of α, β 
and δ is necessary. Therefore, the dependence of these constants on the magnetic field strength, the amount of 
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sample put in the tube and the tube itself emphasize on the fact that each analyst must find their value for every 
new configuration. 

Determination of the constants can be carried out by selecting a tube and a small nichrome-wire to 
make an assembly which will allow the tube to be hanged from the analytical balance so that the bottom of the 
tube is aligned halfway between the mutually-facing poles of the electromagnets used, and sample’s top is 
above the magnet and thus subject to a zero-field strength. 

i) Calculation of δ: Adjust the zero on the Gouy’s balance, then suspend the empty tube from the balance and
measure its weight (W1). Now turn on the electromagnets to desired magnetic field strength and reweigh the 
tube (W2). The force on the Gouy’s tube, δ, is thus δ = W2 − W1. The value will be negative because the tubes 
are generally diamagnetic and are pushed out of the magnetic field. 

ii) Calculation of α: Fill the water in Gouy’s tube to the required marking and weigh it, this will give the value
of W3. Now considering the density of water at this temperature as 1.00 g cm−3, this volume of water would 
be equal to the volume of the sample. Hence, V = (W3 − W1)/1.00, where the changes in weight should be 
expressed in grams. Now, α = K'V or α = 0.029 × (W3 − W1) in 10−6 c.g.s. units, where 0.029 is the volume 
susceptibility of the air. 

ii) Calculation of β: The measurement of β requires a standard compound whose magnetic properties are
already known. The most commonly used calibrants are [Ni(en)3]S2O3 and Hg[Co(SCN)4]. Now because of 
fact that the magnetic properties are usually temperature-dependent, the susceptibility of the calibrant must be 
determined at a temperature exactly similar to what is required for the sample. Record the temperature, T1, and 
then fill the tube to the required height with the calibrant and weigh it with the magnetic field off (W4) and on 
(W5). For [Ni(en)3]S2O3, use χ = 3172/T in 10−6 c.g.s units; while for HgCo(SCN)4 the χ = 4985/(T+10) in 10−6 
in c.g.s unit can be used at temperature T. Using this χ then β = (χW − α)/Δw', where Δw' = (W5 − W4) − δ in 
mg and W = (W4 − W1) in grams. 
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