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S1 Estimating the number of molecules per cavity mode in the strong coupling regime

For a one dimensional cavity of length L., the dispersion for the m—th transversal mode is:

o=\ Jll+ aay (s1)
€ L,

where 75“ is the component of the wave vector parallel to the plane of the cavity mirrors, c is the speed of light, and ¢ is the background
permittivity. Assuming periodic boundary conditions parallel to the mirrors, the wave vector values are discrete points in a reciprocal
lattice with grid spacings Ay, , = L%r where L, and L, refer to the height and width of the cavity mirrors. The protocol is to define an
area in this reciprocal lattice and then divide by the area unit of the grid (A Ay ) to calculate the number of cavity modes N,;;pqes Within
this area of interest. Next the total number of molecules N,,,; within the cavity is calculated, and finally the number of molecules per
cavity modes is estimated as N = N,,0;/Nypodes-

S1.1 Electronic strong coupling

Here we estimate N for electronic strong coupling following the protocol of ref. [IL The authors consider a square in reciprocal space of
length |kpax| = 2/1—” , where A is a characteristic wavelength associated with UV-visible organic exciton-polaritons (~ 500 nm). Assuming
a one dimensional cavity, the total number of cavity modes is:
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where the factor of two accounts for the fact that for each k there are two polarizations. The number of molecules in the cavity is given
by
Ninol = pLxLyL;, (83)

where p is the molecule number density. Then the number of molecules per mode is:

N, LA?
N = Dmol _ PLAT (S4)
Niodes 2
Taking p = 10° um 3 and L, = 100 nm from ref. [I} we estimate the number of molecules per mode for electronic strong coupling to be

N ~1.25x 107 as reported in the main text.

@ Department of Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA 92093, USA.
b Department of Electrical Engineering and Computer Science, and Physics, University of Michigan, Ann Arbor, MI 48109, USA.
¢ Department of Chemistry, Princeton University, Princeton, NJ 08544, USA.

Journal Name, [year], [vol.], 1 [1



S§1.2 Vibrational strong coupling
Here we estimate N following the protocol of ref. [2. From Eq. the magnitude of the parallel wave vector component for m = 1 is:

- ew? TT\2
l=y o= (5)" S5
Iy 2z (S5)
Considering a circle in reciprocal space of radius |k, the number of photon cavity modes is
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The number of molecules in the cavity is given by
Not = pLxLyLz (87)

where p is the molecule number density. Then the number of molecules per mode is:

N = ]Vmol _ 47[’)[‘1 ) (88)
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From ref. 2] we take & = (1.41)2, @ = 0.3581 x 10" s~! (which is characteristic for vibrational strong coupling), L, = 2 um, and
p =8x10° um~3, resulting in N ~ 10'2 as reported in the main text.
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