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1 Determination of the characteristic parameters of the elliptical polarization 

 

 

Fig. 1 Experimental determination of the characteristic parameters of the elliptical 

polarization of the output beam. a Schematic depiction of the optical layout used for the 

photopolarimetric measurements. The input beam is initially linearly polarized (LP) vertically. 

Any type of polarization state (linear, circular, elliptic) can then be accessed using a combination 

of rotating half-wave plate (HWP) and fixed quarter-wave plate (QWP). Note that the angles of 

the fast (F) and transmission (T) axes of the optical elements are measured relative to the vertical 

(Y axis). For the photopolarimetric measurements, left- and right-handed elliptically polarized 

(LEP/REP) input beams are used to promote the IFE in the diamagnetic liquid. Due to the resulting 

FE, the output beam is elliptically polarized and its characteristics are analyzed with a rotating 

polarizer (POL). b Polarization ellipse with semi-major and semi-minor axes a and b, determined 

by two characteristic parameters, the azimuthal rotation angle α and the ellipticity angle β. c 

Example of photopolarimetric curve obtained from which parameters C, χ, and ϕ are obtained 
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from fitting (see Eq. (S3) below). These parameters will then be used to deduced the characteristic 

parameters of the polarization ellipse. 

 

Using Jones’ calculus, the Jones vector of the elliptically polarized beam emerging from the 

diamagnetic liquid is of the general form1 

�� = � �1�� = � � 1
	
���			, (S1) 

 

where � is a complex number that contains information about the amplitude (	 = ��� ���⁄ ) and 

the relative phase (� = �� − ��). 

 

The analyzed output Jones vector is then given by 

����� = ������� ∙ ��

= � ! cos% � sin � cos �
sin � cos � sin% � ( �1

�� = � �cos% � + � sin � cos �
sin � cos � + � sin% � �			, (S2) 

 

where ������� is the Jones transfer matrix of an ideal polarizer rotated by an angle θ (in a counter-

clockwise sense when looking against *+). 

 

Using Eq. (S2), the measured intensity of the photopolarimetric curve is then calculated as 

,��� = �����
- �����

= �%�cos. � + �� + �∗� sin � cos � + �1 + |�|%� sin% � + |�|% sin. ��			, 
(S3) 

 

where �����
-

 is the hermitian conjugate of the Jones vector ����� . 

 

From Eq. (S1), the following relations are obtained 
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� + �∗ = 	1
�� + 
2��3 = 2	 cos �			, (S4a) 

|�|% = ��∗ = 	%			. (S4b) 

 

Using Eqs. (S4a,b), Eq. (S3) can be rewritten as 

,��� = �%�cos. � + 2	 cos � sin � cos � + �1 + 	%� sin% � + 	% sin. ��			, (S5) 

 

The total intensity, which corresponds to the Stokes parameter 6�, can also be obtained by noting 

that 

,787 = ,�0°� + ,�90°� = �%�1 + 	%�			. (S6) 

 

The parameters �, 	, and � can be determined by fitting the full photopolarimetric curve by using 

a three-parameter fitting function of the form 

,��� = <=>cos. � + 2<% cos <? sin � cos � + �1 + <%%� sin% � + <%% sin. �@			, (S7) 

 

with 

� = <=			, (S8a) 

	 = <%			, (S8b) 

� = <?			. (S8c) 

 

The polarization state of the output beam is characterized by two characteristic parameters, the 

azimuthal rotation angle A which specifies the orientation of the semi-major axis (b) relative to the 

X axis, and the ellipticity angle B which relates to the axial ratio (< C⁄ ). The azimuthal rotation 

angle corresponds to the Faraday rotation angle defined in Eq. (1) in the main text. These two 

angles can be deduced from the parameters 	 and � using following the expressions: 

tan 2A = 2	
1 − 	% cos � (S9a) 
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sin 2B = 2	
1 + 	% sin � (S9b) 

 

from which the algebraic ellipticity 
 = C <⁄ = tan B, the ratio of the length of the semi-minor 

axis to that of the semi-major axis, can be recovered. 
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2 Verdet constants of benzene, chloroform, toluene, and water from available 

literature datasets 

     

     

Fig. 2 Literature datasets of Verdet constants for selected diamagnetic liquids. a benzene2-4, 

b chloroform4,5, c toluene2-4, and d water2,4,5. Cauchy-type dispersion fits of the form F�G� = H +
IG2% + �G2. where A, B, and C are fitting parameters, were used for all datasets. Symbols and 

lines represent data and fit, respectively. 
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3 Experimental parameters of the picosecond and nanosecond laser sources 

Table 1. Comparison of experimental parameters between picosecond and nanosecond laser 

sources used in this work. 

parameter (unit) picosecond nanosecond 

G� (nm) 700 1550 

JKL (benzene) 1.4889 1.4769 

GM (nm)§ 470.1 1049.5 

τ (ns) ∼0.0020–0.0025 5 

frep (kHz) 1 0.05 

Pavg (mW) 0.1–10 7.1 

D (mm) 3 4 

NA 0.14a 0.30b 

EFL (mm) 37.5a 20b 

2w0 (µm)† 7.5 6.7 

2wR (µm)‡ 10.6 9.4 

Ep (µJ)* 0.1–10 142 

I0 (GW⋅cm-2)** 5.7-570.2c 45.7 

I0p (GW⋅cm-2)*** 57.0 6.4 

a 5× Mitutoyo objective lens (see Methods section), 
b 10× Nikon objective lens (see Methods section), 
c calculated for 22.5 ps, 

§ wavelength in the medium: GM = KL
M  , 

† beam waist diameter: 2N� = .KO
P Q�R�

S T , 

‡ beam waist diameter at Rayleigh range: 2NU = √2�2N�� , 

* energy per pulse: �W = XYZ[
\]^_

, where àbc is the average input power, 

** peak irradiance at Rayleigh range: ,� = %
√P1Pdef3

gh
i  , 

*** irradiance per mW: ,�W = jL
XYZ[

 . 
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4 Dependence of the H factor on the HWP polarization angle 

 

 

Fig. 3 Dependence of the H factor on different input polarization states. Symbol and line 

represent data and interpolation, respectively. 
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5 Effect of laser power on ellipticity in chloroform at 700 nm for different input 

polarization states 

 

 

Fig. 4 Effect of the laser input power on the ellipticity of the elliptically polarized output 

beam in chloroform at 700 nm for different input polarization states. a Low power (0.9 mW). 

b High power (4.0 mW). The optical path length was 2 mm. Symbol and line represent data and 

fit, respectively. The fit represents the rotation angle when only contributions from IFE/FE are 

present.  
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6 Effect of laser power on the rotation angle in toluene and water at 700 nm 

     

Fig. 5 Effect of the laser input power on the rotation angle of the elliptically polarized output 

beam in diamagnetic liquids at 700 nm. a toluene and b water. The optical path length was 2 

mm. Measurements were done with the input beam in the LEP state. Symbol and solid line 

represent data and fit, respectively. 
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7 Effect of laser power on the rotation angle in benzene at 1550 nm (ns regime) 

 

Fig. 6 Effect of the laser input power on the rotation angle of the elliptically polarized output 

beam in benzene at 1550 nm (ns regime). The optical path length was 10 mm. Measurements 

were done with the input beam in the LEP and REP states. Symbol and solid line represent data 

and fit, respectively. 
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8 Effect of laser power on the rotation angle in chiral mixtures of α-pinene at 

700 nm 
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Fig. 7 Effect of the laser input power on the rotation angle of the elliptically polarized output 

beam in chiral mixtures at 700 nm. a-g chiral mixtures of (1S)-(-)-α-pinene and (1R)-(+)-α-

pinene at various volume fractions, and b chloroform (reference). The optical path length was 5 

mm. Measurements were done with the input beam in the REP state. Data and fit are represented 

by filled circles and solid lines, respectively. 
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9 Effect of laser on the rotation angle of enantiomers of carvone at 775 nm 

 

Fig. 8 Effect of the laser input power on the rotation angle of the elliptically polarized output 

beam for carvone enantiomers at 775 nm. The range of laser input power never exceeded 5 mW. 

The optical path length was 3 mm. Measurements were done with the input beam in the LEP state 

Chloroform was used as the reference solvent. Symbol and solid line represent data and fit, 

respectively. 
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