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Incorporating heavy atoms into polymer chains represents an effective way to generate 

emissive triplets. Here we used magneto-optical emission spectroscopy up to 17.5 Tesla 

for studying the fine structure of the triplet exciton in a series of Pt-rich π-conjugated 

polymers with various intrachain Pt concentrations. We found that their phosphorescence 

emission band shows substantial field-induced circular polarization (FICPO) up to 50% 

with an unusual, non-monotonic field dependence at cryogenic temperature. From the 

field-induced energy splitting between left and right circularly polarized phosphorescence 

we obtained the effective g factor of triplet exciton varying in the range of -0.13 to 0.85, 

which depends on the Pt concentration in the polymer chains. The FICPO of triplet 

emission originates from the population difference in spin sublevels, which is determined 

by thermal equilibrium subjected to spin-orbit coupling (SOC), exchange and Zeeman 

interactions. Surprisingly we also observed FICPO in the fluorescence emission that 

results from the singlet-triplet interaction caused by the strong SOC. From these results 

we could extract the various interaction parameters that describe the exciton fine structure 

in these Pt-contained compounds. 
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I. INTRODUCTION 

Optical transitions of spin-polarized electronic states are usually associated with the 

absorption and/or emission of circularly polarized light, as previously observed in 

traditional III-V semiconductors (e.g., GaAs).[1] When an external magnetic field is 

applied to such compounds, the energy splitting between the spin-polarized states is 

reflected in the separation of left- and right-circular polarized absorption/emission 

bands.[2] This phenomenon has been investigated for measuring the Landé g-factor and 

profile the fine structure of the luminescent excitons in semiconductor quantum dots[3,4] 

and quantum wells.[5,6] By comparison, the excitons in organic semiconductors are more 

localized than in the inorganic semiconductors, and thus they are treated as Frenkel 

(and/or charge-transfer) excitons that are spin½ e-h pairs in singlet or triplet 

configurations. The triplet exciton with spin quantum number, S=1 is naturally 

susceptible to the Zeeman interaction and shows energy splitting upon the application of 

magnetic field.[7-9] The fine structure of triplet exciton in organic semiconductors has 

been determined by optically detected magnetic resonance. This becomes less effective in 

materials that show extremely short spin lifetime caused by strong spin-orbit coupling 

(SOC).[10,11] The strong SOC also results in luminescent triplet in the form of 

phosphorescence, which may show field induced circularly polarized emission that may 

be useful for studying the triplet exciton fine structure.[12-14] 

Usually circularly polarized optical transitions in organic compounds have been 

considered in chiral molecules,[15-19] in which the spin splitting is intrinsic according to 

the specific underlying molecular structure[20], and thus cannot be well-controlled by 

applying external magnetic field. However organic complexes that contain heavy metal 

atoms have been widely used as triplet emitters in organic light emitting diodes,[21] As 

such the phosphorescence from the triplet states could be influenced by applying external 

magnetic field.[22,23] As an important type of triplet emitters, the Pt-rich organic 

compounds shows metal-to-ligand charge-transfer (MLCT) excitons comprising of an 

electron localized mostly on the Pt metal atom (5d orbital) and a hole localized on the 

organic ligand (π bond).[24] The sizable electron-hole exchange interaction differentiates 

between the spin triplet excitons (TE) that lie lower in energy than the spin singlet 

excitons (SE). Interestingly since the Pt-rich compounds possess intermediately strong 
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SOC,[25,26] both TE and SE generate substantial photoluminescence which may be 

susceptible to field-induced circular polarization (FICPO). Thus magneto-optical studies 

on the photoluminescence emission would be very helpful for probing the exciton fine 

structure in these triplet emitters,[27] as well as optically reading/writing spin states 

towards spintronics applications.[28-30] 

Here we performed magneto-optical investigations on Pt-rich π-conjugated polymers. In 

these compounds the heavy Pt atoms are intrachain and thus causes relatively strong 

effective SOC which mixes the SE and TE wave functions, thereby substantially 

increasing both the intersystem crossing rate (SE TE) and the optical transition 

probability from the TE to the singlet ground state, S0.[24,25] As a result, the 

phosphorescence (PH) emission from the TE becomes allowed and may be even stronger 

than the fluorescence (FL) emission from the SE. In fact the SE TE intersystem 

crossing time in Pt-polymers was measured to range from 3 to 10 ps,[25] and thus there is 

only a small amount of radiative SE in the form of FL emission during this time interval. 

In addition, the chemical versatility of these polymers allows us to modify the Pt 

abundance in the chain that modifies the effective SOC, which, in turn modifies the TE 

spin sublevels and the optical transitions.   

To analyze the FICPO phenomenon we recall that electric dipole related optical 

transitions leave the spin angular momentum (ħSz) unchanged; whereas the orbital 

angular momentum along the photon propagation direction (ħLz) is changed by ±ħ. 

Consequently, when the excited state structure becomes asymmetric with respect to the 

spin sense of emitted photon due to the magnetic field interaction, an energy splitting 

occurs between two almost degenerate excited states that induces circularly polarized 

emission.[31] However the TEs spin states in the organics are not degenerate, but show 

fine structure which dominates at zero magnetic field. Usually the fine structure is caused 

by the e-h dipole and/or exchange couplings, known as the zero field splitting (ZFS) 

parameters.[11] This would suppress the FICPO effect in the PH emission at low field, 

since the fine structure may be larger than the Zeeman interaction. In addition, when the 

field is applied in an arbitrary direction with respect to the molecular principal axis, the 
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energy splitting of the TE sublevels would vary with the field direction, and this would 

further suppress the measured FICPO in the PH emission in randomly oriented films. 

In this work, we present the FICPO response of both FL and PH emissions in a series of 

Pt-rich π-conjugated polymers with varying intrachain Pt concentration which shows the 

important role of SOC in the spin-related optical transitions from this class of organic 

semiconductors. We found that the induced circular polarization (CP) of the PH emission 

in the most Pt-rich polymer is ~4% at magnetic field B=17.5 T, and the effective g-value 

substantially deviates from that of the free electron (ge=2.002). The obtained FICPO 

response, CP(B), is not monotonic with B especially at large fields, showing that the 

exciton fine structure and the SOC dominate the spin sublevel energies. Interestingly, the 

CP(B) response of the primary 0-0 band (denoted hereafter as the “P band”), the so-called 

super-phosphorescence band,[32] is different from that of the vibronic PH side bands 

(denoted hereafter as the “V band”); this is caused by the TE-TE coherence that is unique 

to the P band of Pt polymers. Unexpectedly FICPO related to the FL band was also 

observed in one of these polymers, which indicates that the SE is also subjected to the 

SOC through the SE-TE interaction in the Pt-contained systems. 

II. EXPERIMENTAL RESULTS 

The Pt-rich polymers used here contain Pt-(PBu3)2 moieties separated by different length 

π-conjugated spacers, as shown in Fig. 1a (denoted as Pt-1, Pt-3 and Pt-Q).[26] For the 

high-field FICPO measurement (Fig. 1b), the Pt-polymer film was placed in a liquid 

helium cryostat (T=4 K), and excited with a 405 nm continuous-wave diode laser from 

the substrate side using an optical fiber attached to the sample holder. The light emission 

from the film was collected in free space by an optical lens placed parallel to the film in 

the cryostat. The magnetic field, B was provided by a 17.5 T superconducting magnet 

(NHMFL, SCM-3). The setup was designed to be in the Faraday configuration (B parallel 

to the light propagation direction), with the film normal along the B direction. The 

collected light emission passed through an optical window followed by a broadband 

quarter-wave plate (400 to 800 nm, Thorlabs) and a linear polarizer, which were used to 

separate the left (L, having intensity IL) and right (R, having intensity IR) circularly 

polarized components (See experimental details in ref.33). The L/R emissions were thus 
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measured using a fiber spectrometer (Ocean Optics, USB4000-ES), and the CP value in 

the light emission is defined as ρ=(IR-IL)/(IR+IL). 

The emission spectra from the three Pt-rich polymers are shown in Fig. 1c. In Pt-1 we 

identify the sharp band centered at ~523 nm as the primary PH band (P band), which 

according to previous study[24] is attributed to super-PH. At longer wavelengths there 

appears a series of vibronic side bands (V band) with a prominent peak centered at ~571 

nm. The PH emission from the TE state is allowed due to the SOC that mixes the 

photoexcited SE with the TE. In Pt-3 the P and V bands are also clearly observed in the 

PH emission, but red-shifted to ~580 nm and 614 nm, respectively. In addition, a weak 

FL band appears at ~485 nm which agrees with the previous report.[25] The weakness of 

the FL emission in the spectrum is a direct consequence of the SE TE intersystem 

crossing time, τISC, where the shorter is τISC the shorter is the allowed time for the FL 

emission and the fainter is the FL emission intensity.[34,35] For Pt-Q the FL emission 

around 510 nm becomes much stronger than the PH emission at ~740 nm. When the 

effective SOC in the polymer chain weakens, the PH emission from the TE weakens and 

the FL band from SE strengthens. Consequently we estimate that the SOC is strongest for 

Pt-1 and weakest for Pt-Q, as suggested by their spacer sizes in their chemical structure. 

We first describe the obtained FICPO results in Pt-1 polymer using the difference 

between the R and L spectra at each B field, for both P and V bands (see Figs. 2a and 2b). 

We could observe derivative-like features that originate from the Zeeman splitting, ΔE 

between the R and L emission bands. To extract the central wavelength and the accurate 

emission intensity for the P and V bands, we fitted each original spectrum with 

Lorentzian-shape bands superpose on a linear response that represents the background 

spectrum. As a result it was possible to extract the R-L energy splitting, ΔE(B)=ER−EL as 

a function of B for the P and V bands, as shown in Figs. 2c and 2d (upper panels), 

respectively. Interestingly, ΔE is only ±0.2 meV for the P band at B=±17.5 T, whereas it 

reaches ±2 meV for the V band, although both bands originate from the lowest lying TE 

state. Using the fitting procedure mentioned above, the FICPO values, CP(B) for the P 

and V bands were also extracted as presented in Figs. 2c and 2d (lower panels), 

respectively. As clearly seen both CP(B) responses are anti-symmetric respect to B, 
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namely CP(−B)=−CP(B); however the CP(B) responses for P and V bands are very 

different from each other. The CP(B) for the P band first increases from B=0 to 5 T (~2% 

at 5 T), followed by a decrease with B, reaching -4% at 17.5 T. In contrast, the CP(B) of 

the V band is monotonous with B up to approximately -2% at 17.5 T. The different field 

responses of the P and V bands show that the spin sublevels involved in these two PH 

bands that originate from their spin Hamiltonian differ substantially. 

Following the same analysis procedure, we obtained the ΔE(B) and CP(B) responses of 

the FL, P and V bands in Pt-3 (Figs. 3a, 3b and 3c, respectively). Compared with those 

responses in Pt-1, the energy split and FICPO values of the PH bands are about 2-4 times 

smaller in the Pt-3 polymer. Surprisingly, a non-zero FICPO response was also measured 

for the FL band here; this is surprising when considering that the FL originates from the 

SE emission. This indicates that the strong SOC here mixes the TE and SE states. In 

comparison, the FL band of Pt-Q shows negligibly small FICPO response (Fig. 4a), 

whereas the obtained ΔE(B) of the PH band (Fig. 4b, upper panel) reaches a maximum of 

~2 meV at B=10 T, and substantially decreases at B=17.5 T. Although the PH emission is 

quite weak here, its CP(B) response is larger than in the other two Pt-polymers; in fact the 

CP approaches ~50% at the highest field (Fig. 4b, lower panel). This indicates that the FL 

and PH emissions originate from SE and TE that do not mix when the SOC is relatively 

weak, a situation that increases FICPO of the TE state. 

III. ANALYSIS AND DISCUSSION 

In the following we show that the measured FICPO response in the Pt polymers can be 

properly analyzed to unravel the triplet exciton fine structure in these compounds. Photon 

absorption generates e-h pairs (or excitons) in the Pt-rich polymer chain, of which wave 

function is shared between the Pt negative paramagnetic ion (electronic configurations: 

neutral Pt-5d96s1, Pt--5d96s2) and the positively charged organic spacers. Whereas the 

orbital angular momentum of the 5d orbital is L=2, the states that are responsible for 

circular polarized emission have magnetic quantum number of m=±1, and thus can be 

treated as coming from states of L=1. The low symmetry ligand field around the Pt ion 

splits the degenerate d-electron energy levels (Fig. 5a, left panel). Each level is spin 

degenerate that allows optical emission from an overall spin singlet exciton (unpolarized 
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emission). However the strong SOC further lifts the spin degeneracy, mixing orbital and 

spin characters in each level to allow optical emission from SE as well as from the TE. 

Upon the application of an external magnetic field, these levels are further split due to the 

Zeeman interaction (Fig. 5a, right panel), giving rise to asymmetry in the wave functions 

and unequal thermal populations with respect to the field direction. This asymmetry 

breaks the equivalence between R and L emission states which generates FICPO response 

in the Pt polymers. 

The exciton electronic structure of the Pt-rich polymers was calculated before using the 

time-dependent density functional theory.[24,25] It was concluded that the emitting states 

are metal-to-ligand charge-transfer (MLCT) excitons, having π-π* character and efficient 

singlet-triplet intersystem crossing provided by the strong SOC from the intrachain Pt 

atoms. As for the PH emission, due to the SOC there exists a significant weight of spin 

singlet configuration in the TE states which allows optical dipole transitions to the 

ground state, S0; which is spin singlet state with zero orbital angular momentum (L=0). 

We note that the π-π* character of the TE is in fact responsible for the strong optical 

transition to the S0. In addition, the low structural symmetry of the Pt-rich polymer chain 

causes the SOC matrix to be anisotropic, that influences the FICPO responses. 

Consequently we examine the spin-orbit Hamiltonian of the TE using the following 

three-parameter expression, 

SOCH L S L Sλ= ⋅ + ⋅ Λ ⋅
r rr r

%
                (1) 

where λ is the isotropic SOC parameter and Λ%  is a 3x3 traceless symmetric matrix that 

accounts for the SOC anisotropy having two independent parameters: ΛD and ΛE. Note 

that the matrix Λ%  contains the angular dependence of the SOC. As explained above we 

use for the TE L=1 that allows electric dipole optical transitions to S0 (L=0). 

   The total TE spin Hamiltonian in a magnetic field B along the laboratory z-direction is 

thus written as, 

TEso TE SOC B ZH H H gJ Bμ= + −  ,        (2) 
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where the zero-field bare TE spin Hamiltonian is TEH S D S= ⋅ ⋅
r r

%
,[36,37] the angular 

dependent D%  is the traditional ZFS traceless matrix of TE with D and E as the axially 

symmetric and asymmetric ZFS parameters, Jz=Lz+Sz and g is the effective TE g-factor. 

We note, however that since we study the optical transition at low temperature (T=4 K) 

and high field (up to B=17.5 T), the effective g- factor in Eq. (2) is relevant only to the 

lowest thermally occupied spin sub-level. 

We have calculated the wave functions and energy levels of the resulting 9x9 S⊗L spin 

Hamiltonian using Eq. (2) for various directions of the TE and SOC orientations. Figure 

5b shows an example of the energy levels for g>0 and the parameters as shown in 

TABLE I. The relatively large SOC causes large splitting and mixes spin/orbital 

configuration among the levels. Optical transitions to S0 (PH emission) with (Lz,Sz)=(0,0) 

are allowed from all TE levels having non-zero (Lz,Sz)=(±1,0) weight, P±. The emission 

intensity, I is described by 
, ,R L R L

k k kk k
I P N n±∝ ≡∑ ∑ , where the summation is over all 

nine energy levels, where Nk is the thermal population of level k. Thereby the CP of the 

PH band, ρPH is given by, 

( ) / ( ) ( ) / ( )R L R L R L R L
PH k k k kk k

I I I I n n n nρ = − + = − +∑ ∑ .    (3) 

The calculated polarization weighted thermal populations, 
,R L

kn , for the nine mixed 

spin/orbital sublevels (corresponding to the V band in Pt-1) at T=4 K are illustrated in 

Figs. 5c and 5d. Note that the population of (Lz,Sz)=(+1,0) configuration at B field is 

equal to the population of (Lz,Sz)=(−1,0) population at –B field, thus generating an 

asymmetric CP(B) response, as obtained in the experiment. The red line through the data 

points in Fig. 2d (lower panel) is an actual fitting to the data using the model Hamiltonian 

of Eq. (2). The FICPO saturation at high field is caused by the diminishing population of 

the Lz=−1(+1) levels, as can be seen in the calculated polarization weighted thermal 

populations. We note that the positive (negative) CP(B) response for negative (positive) B 

is an indication of a positive (negative) g-factor. For Pt-3 and Pt-Q, the CP(B) response of 

the PH emission increases with B (Figs. 3c and 4b, lower panels), which originates from a 

negative g-factor, as seen for the red line fittings (see parameters in TABLE I). 



9 
 

We have also calculated the median photon energies, ER and EL of the R and L emission 

bands, by thermal-population-weighted averaging of the energies obtained from the 

Hamiltonian in Eq. (2). The calculated R-L energy splitting, ΔE(B) for the V band is 

plotted as red lines through the data in Figs. 2d, 3c, and 4b (upper panels) using the same 

parameters as for the CP(B) response fittings for Pt-1, Pt-3 and Pt-Q, respectively. The 

excellent fits obtained for both CP(B) and ΔE(B) responses validate the use of the ad-hoc 

Hamiltonian Eq. (2) to explain the TE emission and its FICPO response in the Pt 

polymers. 

Recall that the CP(B) response for the P band in Pt-1 (Fig. 2c, lower panel) is different 

from that of the V band; it increases with B in the interval 0<B<5 T, followed by a 

decrease with B in the interval 5<B<17.5 T. The P band emission has been identified 

before as a ‘super-PH’ in which a pair of TEs emit coherently.[32] In this case, the CP(B) 

response of this band, which may be viewed as a TT pair should be different from that of 

a single TE because the main contribution to FICPO comes from the lowest thermally 

occupied levels (see Figs. 5c and 5d) having Lz=±1 and Sz=0. In a coupled TT pair, there 

are more thermally populated levels from which optical emission is possible. To account 

for the CP(B) response of the P-band in the PH emission described by TT pair, we write 

the zero-field Hamiltonian as: 

                                  1 2 1 2TT TE TEH H H XS S= + + ⋅
r r

                                                   (4) 

where HTE1,2 are the individual TE Hamiltonians with spins S1, S2 (given by Eq. (2)), and 

X is the TE-TE exchange coupling between the two TEs. Note that the full Hamiltonian 

is now written in Hilbert space dimension of 3x3x3=27. Also the effective g-factor for 

the TT pair excitation is different from that of TE because the spin configuration of the 

occupied levels is not the same in the two situations. In this case, the optical emission is 

allowed from (Lz,Sz)=(±1,0), where Sz=S1z+S2z. To understand the FICPO response of the 

P-band we have solved the 27x27 Hamiltonian and calculated ΔE(B) and CP(B) for 

various angles between the B field and the principal axes of SOC and ZFS matrices. 

Figure 2c shows the fitting results using the parameters given in TABLE I, which clearly 

captures the significant slope change of CP(B) at ~5 T. It shows that this peculiar non-
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monotonic field dependence of the P-band can be interpreted by involving all the 

sublevel populations that are responsible for the optical emission of T-T pair. 

Another interesting experimental fact is the FICPO response of the FL emission in Pt-3 

polymer. According to the density functional calculations,[24,25] the electron wave 

function of the emitting SE in Pt-3 (SE1) is mostly centered on the Pt atom that introduces 

appreciable SOC, which renders the electric dipole allowed FL to be circularly polarized. 

For the FL band we consider a system composed of an electron and a hole (both having 

spin S1=S2=½) with anisotropic SOC with L=1 (Hilbert space dimensionality of 

2x2x3=12). In this case the spin Hamiltonian in a magnetic field B along the laboratory z-

direction is written as, 

FL EX SOC B ZH H H gJ Bμ= + −  ,                           (5) 

where HSOC is given by Eq. (1), now with S=½ and L=1. The last term is the Zeeman 

interaction where Jz=Lz+S1z +S2z with S1z, S2z=±½, Lz=±1,0 and g is the effective g-factor. 

HEX is the anisotropic e-h exchange interaction that separates the singlet and triplet 

energy levels of the two spin ½ particles, for which we use an anisotropic exchange to 

account for the ZFS parameters of the excited TE level. The excited TE level (Tn) is close 

in energy to the SE1 level, thus a significant near-resonant coupling SE1-Tn is expected. 

Equation (5) therefore describes the 12 energy levels of SE and Tn coupled by the 

exchange and spin orbit interactions. 

The procedure of calculating the FICPO response for the FL is similar to that for PH, 

namely we calculated the thermal-population-weighted median energy from the 

Hamiltonian given in Eq. (5), taking into account the thermal equilibrium populations of 

the states (Lz,Sz)≡(Lz,S1z+S2z)= (±1,0). The calculated FICPO response (red lines in Fig. 

3a upper and lower panels) generally agrees with the experimental data for the FL band 

in Pt-3; the obtained fitting parameters for the exciton fine structure are given in TABLE 

I. The moderate CP fitting of the FICPO response for the FL emission is probably due to 

the fact that our model does not consider that the ultrafast FL emission in Pt-polymers 

occurs under extreme dynamic conditions, where thermal equilibrium is not reached.   

IV. CONCLUSIONS  
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In summary, we have shown that the steady-state magneto-optical spectroscopy provides 

an effective method for studying the photoexcitation spin-related properties in Pt-rich π-

conjugated polymers, where the strong SOC accelerates the spin relaxation and thus 

limits the use of other main-stream methods. By measuring the circularly polarized 

emission under high magnetic field we obtained important information about the fine 

structure of the excitons in these Pt polymers, such as the TE effective g-value, and the 

parameters related to the SOC and exchange interaction. Moreover, we found that the 

super-PH that we treat here as coming from TT pairs, and the FL from SE also have 

circular polarization properties at high field, which could be quantitatively modeled using 

appropriate Hamiltonians. The experimental results and the theoretical models represent a 

promising way to probe TE fine structure using magneto-optical measurements, and open 

the way towards future spin-related optoelectronic research in organic semiconductors. 
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FIG. 1. (a) Chemical structures of the Pt-rich polymers with various spacers (Pt-1, Pt-3 

and Pt-Q as denoted). (b) Experimental setup for measuring circularly polarized emission 

at high field and low temperature. (c) The emission spectra of Pt-1 (black line), Pt-3 (red 

line) and Pt-Q (blue line) at 4 K that show various bands including the fluorescence (FL) 

band and the phosphorescence (PH) emission (P band and V band). The emission around 

460 nm originates from the long pass optical filter. 
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FIG. 2. The circular polarization (CP) spectra, CP(λ) for (a) the P band and (b) the V 

band of the PH emission in Pt-1 film, measured at 4K in the field range of ±17.5 T. The 

extracted R-L energy split, ΔE(B) (upper panels) and the FICPO response, CP(B) (lower 

panels) of the P band (c) and V band (d). The red lines through the data points are fits 

using the model described in the text, with parameters given in TABLE I. 
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FIG.  3. The R-L energy split, ΔE(B) (upper panels) and the FICPO response, CP(B) 

(lower panels) for the various Pt-3 emission bands: (a) the FL band, (b) the PH P-band, 

and (c) the PH V-band. The red lines through the data points are fits using the model 

described in the text with parameters given in TABLE I. 

 

 

FIG. 4. The R-L energy shift, ΔE(B) and FICPO response, CP(B) for (a) the FL band and 

(b) the PH band in Pt-Q. The red lines through the data points are fits using the model 

described in the text with parameters given in TABLE I. 
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FIG. 5. (a) Schematic illustration of the d-electron levels of the Pt atom in Pt-rich 

polymers by taking the ligand field and SOC into account. Left column: the orbital and 

spin splitting in a planar crystal field with SOC. Right column: the Zeeman splitting of 

the upper electron level that yields circular polarized emission. (b) Calculated TE-SOC 

energy levels subjected to external field based on the Hamiltonian given in Eq. (2) using 

the fitting parameters for the Pt-1 V band (see TABLE I). The calculated (c) R and (d) L 

polarization weighted thermal populations at T=4 K are displayed as vertical bars on the 

energy level scheme shown in (b). 
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TABLE I. The best fitting parameters for the model calculation of FICPO response in Pt-

rich polymers. The ZFS columns are the zero-field splitting energies for TE; the SOC 

columns give the anisotropic spin-orbit coupling parameters; the exchange columns give 

the TE-TE isotropic exchange coupling for the P band and the e-h anisotropic exchange 

coupling for the FL band. 

 ZFS (meV) SOC (meV) g factor exchange (meV) 

 D E iso axial asym  iso axial asym 

Pt-1, P band -1.5 0.11 -0.31 -1.4 -0.72 0.5 -0.27 -- -- 

Pt-1, V band -0.053 -0.62 -0.65 2.6 1.8 0.85 -- -- -- 

Pt-3, FL band -- -- -0.048 0.95 1.6 -0.93 -0.41 0.20 0.23 

Pt-3, P band -1.4 0.16 -0.64 -0.13 -0.31 0.39 -0.67 -- -- 

Pt-3, V band -0.12 -0.12 -0.20 -0.47 1.74 -0.1 -- -- -- 

Pt-Q, PH band -0.019 -0.60 -0.29 0.41 1.6 -0.13 -- -- -- 

 

 


