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Dibenzyl Isophthalates as Versatile Hosts in Room Temperature 
Phosphorescence Host-Guest Systems  

Martin Molkenthina, Emanuel Hupf*b and Boris J. Nachtsheim*a 

We report a series of dibenzyl isophthalates (DBIs) as versatile hosts for room-temperature phosphorescence (RTP) systems, 

leading to host-guest systems with quantum yields (QY) of up to 77 % or lifetimes of up to 21.0 s for the guest coronene-d12. 

Furthermore, a 4,4’-Br substituted DBI was used to form host-guest RTP systems with 15 different aromatic guest molecules, 

to tune the phosphorescence emission color from blue to red and to demonstrate the versatility of the host. Mechanistic 

insights were gained through a host-guest-matrix system which shows RTP already by trace combinations of a 4,4’-Br DBI 

host (0.10 wt%) and a pyrene-d10 guest (0.01 wt%) in an otherwise non-RTP-emissive aromatic matrix.

Introduction 

The design of efficient phosphorescent emitters frequently 

involves the incorporation of heavy transition metals, such as d8 

or d10 metals.1,2 The development of purely organic materials 

showing room temperature phosphorescence (RTP) is more 

challenging, but significant progress has been achieved in 

recent years including phosphorescence with ultra-long 

lifetimes in the range of seconds.3–5 Due to their unique 

afterglow properties, RTP materials found applications in 

encryption, anti-counterfeiting and high-resolution bio-

imaging, amongst others.6,7 The development of new, efficient 

RTP materials still remains challenging and repeatedly consists 

of trial-and-error approaches.8,9 

 Key challenges in realizing organic RTP are the efficient 

population and stabilization of triplet excited states for high 

quantum yields and long phosphorescence lifetimes.10–12 

Synthetic strategies to achieve RTP compounds and materials 

are the use of polymers,13–16 supramolecular assemblies,17 

molecular aggregates,18–20 carbon dots21–23 or through 

crystallization.24,25 

 Host-guest RTP systems are promising candidates for 

realizing organic RTP, generally consisting of a solid compound 

that acts as a matrix (host) and a phosphorescent dopant 

(guest) in high dilution.26–29 The variety of studied hosts and/or 

guests in these literature examples is generally small and the 

general design of most of these systems leave little room for 

straightforward variations.30–39  

 In an increasing number of cases, the RTP emission of a 

compound was found to arise from incorporated trace 

impurities, making them in reality host-guest RTP systems.40–44 

Identifying these impurities, or even just proving their 

existence, can be very challenging as RTP may arise even already 

at ppb levels of contamination.45 Therefore, host-guest systems 

steadily gain in importance among purely-organic RTP 

materials. Among purely organic RTP materials, isophthalic acid 

is a compound with outstanding RTP properties as a crystalline 

solid.46,47 It is also capable of serving as a host compound for 

host-guest RTP.48 Polymeric isophthalic acid esters have also 

been shown to be capable of RTP.49 

 In this study, we show that a series of simple, substituted 

dibenzyl isophthalates (DBIs) serve as versatile hosts to enable 

color-tunable RTP across the spectrum from blue to red. A 

mechanistic analysis further provides insights into the RTP 

process, supporting the potential of DBIs for future 

development as minimalistic RTP host-guest materials. 

Results and Discussion 

Initial discovery 

Intrigued by the known photophysical properties of isophthalic 

acid and its derivatives, we investigated isophthalic acid esters 

as possible hosts for RTP host-guest systems.  

 We synthesized a diverse set of 21 DBIs (2a-2u) in yields of 

50% to 91% to gauge the effect of functional groups at the 

benzylic ester moiety on the RTP properties of the studied host-

guest systems. DBIs could be synthesized using isophthaloyl 

dichloride (1) in a simple, pyridine-catalyzed one step 

substitution reaction (Scheme 1) and free of RTP-causing trace 

impurities (see ESI chapter 5.2 for details).  
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DBI host-guest systems with coronene 

As a benchmark, we doped 0.1 wt% of coronene guest (3) into 

the observed hosts (Table 1).37 Melt-cast samples of host-guest 

systems were formed by addition of a solution of the guest to 

the host, followed by solvent evaporation and melting of the 

mixture under vacuum. After cooling to rt, solid host-guest 

systems were obtained (see ESI chapter 1.4 for details). 

 To our delight, all coronene (3) doped DBIs showed RTP. To 

the best of our knowledge, this presents the first study of a host 

being functionalized with a multitude of functional groups (>20) 

and still showing RTP in almost all cases. 

 Phosphorescence spectra of these composites with 0.1 wt% 

coronene (3) showed emission from 500-700 nm, with the main 

emission features being slightly hypsochromically shifted for 

bromine and iodine substituted DBIs. (see Figure 1 for 

representative examples). As expected, the presence of a 

bromine or iodine substituent significantly increased RTP 

quantum yields due to the heavy-atom effect.50,51 This trend can 

be rationalized by comparing RTP quantum yields of the 

unsubstituted parent dibenzyl isophthalate 2a, (φPhos = 0.4 %) to 

the para-substituted halide analogues 4-Cl (2b, 6.2 %) < 4-Br 

(2e, 10.5 %) < 4-I (2g, 42.5 %). Phosphorescent lifetimes 

decreased from 2b to 2g (Table 1). 

The influence of the substitution position on the 

phosphorescence was probed by synthesizing the ortho- and 

meta-analogs of the 4-Br substituted DBI (2e). The 2-Br DBI (2c, 

φPhos = 13.6 %) showed at comparable RTP quantum yield to 2e, 

while that of 3-Br DBI (2d, φPhos = 3.0 %) was significantly lower. 

Interestingly, inserting a methoxy group as in 4-Br-2-OMe DBI 

(2f, φPhos = 26.5 %), the quantum yield increased significantly 

compared to 2e. These findings illustrate that a small variation 

in the substitution pattern of the benzyl esters can lead to 

strong changes in φPhos and highlight the potential of DBIs as 

tunable hosts for organic RTP materials. This effect was also 

apparent in modifications of 4-SMe DBI (2k). Incorporation of a 

Scheme 1   Scope of the dibenzyl isophthalates synthesized in this work via nucleophilic substitution of isophthaloyl dichloride (1) with 

substituted benzyl alcohols. The esters 2l (R = 4-S(O)Me) and 2m (R = 4-SO2Me) were synthesized by oxidation of 2k. For detailed data, see

ESI chapter 5.2. 

Table 1   Phosphorescence lifetimes and quantum yields of DBIs with 0.1 wt% coronene 

(3); melt-cast samples under ambient conditions.a The three highest phosphorescence 

lifetimes and quantum yields have been highlighted. For more details, see ESI chapter 

3.2. 

No. R = 
τP 

b c d 
φtotal 

d [%] 
φFl 

[%] 
φPhos 
[%] 

2a all H 5.11 s 13.2 12.8 0.4 
2b 4-Cl 6.20 s 17.8 11.6 6.2 
2c 2-Br 1.58 s 19.4 5.8 13.6 
2d 3-Br 1.77 s 10.2 7.2 3.0 
2e 4-Br 3.61 s 16.5 6.0 10.5 
2f 4-Br-2-OMe 1.29 s 31.0 4.5 26.5 
2g 4-I 65 ms 42.5 <0.1 42.5 
2h 4-OMe 5.70 s 24.6 22.2 2.4 
2i 4-(OPh(4-OMe)) 3.08 s 11.0 9.9 1.1 
2j 4-(OPh(4-Br)) 0.94 s 18.9 9.2 9.7 
2k 4-SMe 5.13 s 13.0 8.8 4.2 
2l 4-S(O)Me 5.36 s 33.8 31.9 1.9 

2m 4-SO2Me 4.91 s 8.4 6.9 1.5 
2n 4-SPh 6.46 s 23.3 19.6 3.7 
2o 4-(SPh(4-SMe)) 2.12 s 21.7 20.7 1.0 
2p 4-(SPh(4-Br)) 1.95 s 23.6 3.8 19.8 
2q 4-CHO 4.57 s 3.6 2.6 1.0 
2r 4-CN 6.39 s 16.0 13.2 2.8 
2s 4-CO2Me 5.17 s 23.8 19.0 4.8 
2t 4-CF3 3.27 s 42.3 42.3 <0.1 
2u 4-B(OH)2 6.32 s 12.5 11.5 1.0 

a Excitation at 350 nm. b Average lifetimes from multi-exponential decays (mono-

exponential exceptions: Entries 2, 14, 18). c Emission measurement at 570 nm for

RTP lifetime determination. d See ESI for details on the determination of the

quantum yields and lifetimes. 
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thioether slightly raised φPhos of 2k (φPhos = 4.2 %) in comparison 

to the oxygen analogue 4-OMe DBI (2h, φPhos = 2.4 %). An 

extension of the π-system to 4-(OPh(4-OMe)) DBI (2i) and 4-

(SPh(4-SMe)) DBI (2o) lowered both RTP quantum yields and 

lifetimes. On the other hand, substitution of the methyl ether 

or thioether with a p-bromophenol- or p-thiophenol-(thio)ether 

strongly increased RTP quantum yields up to φPhos = 19.8 % (2p). 

 When the methyl thioether was changed to a phenyl 

thioether (4-SPh DBI, 2n) φPhos decreased slightly to 3.7 % 

compared to 2k. However, the RTP lifetime increased to the 

highest of all investigated DBIs with τ = 6.46 s. To the best of our 

knowledge, this is the longest measured RTP lifetime of 

coronene (3) in a purely organic host-guest RTP system, longer 

than 3 in a poly(methyl methacrylate) (PMMA) matrix52 or in 

β-estradiol.53 Both have reported RTP lifetimes of τPhos = 6.0 s. 

 

DBI host-guest systems with coronene-d12 

The observed long lifetime of coronene@4-SPh DBI (2n), 

prompted us to investigated the influence of deuterated 

coronene (3) on the RTP lifetimes and quantum yields for 

selected hosts (Figure 2), as  deuteration of guests can 

drastically improve RTP lifetimes and quantum yields39,54,55 and 

host-guest systems with coronene-d12 have been reported to 

exhibit RTP lifetimes of close to or over 20 s.52,56,57 For 

comparison, we chose four DBIs with the longest lifetimes from 

Table 1, as well as 4-Br DBI (2e) for its balanced RTP lifetime and 

quantum yield. 4-I DBI (2g) was selected due to its high RTP 

quantum yield.  

 Coronene-d12 doped (0.1 wt%) 4-Br DBI (2e) and 4-I DBI (2g), 

showed an increase in RTP lifetime compared to the non-

deuterated host-guest systems of up to 60 %. For the other 

DBIs, RTP lifetime was increased approximately 2.5 fold in each 

case. (Figure 2a). The coronene-d12@4-CN DBI (2r) host-guest 

system showed the longest RTP lifetime of τ = 21.0 s 

(Figures 2c,d). This lifetime is longer than the previous record 

lifetime of a purely-organic, non-polymeric host-guest RTP 

system with β-estradiol as the host compound (τ = 17.0 s).56 

Moreover, the lifetime of the coronene-d12@4-CN DBI (2r) 

system was only slightly shorter than that of coronene-d12 in 

PMMA (τ = 23 s)52 and of coronene-d12 in the metal-organic 

framework ZIF-8 (τ = 22.4 s),57 which are the host-guest systems 

with the currently longest known RTP lifetimes of coronene-d12.  

 RTP quantum yields also increased through deuteration of 

3. 4-B(OH)2 DBI (2u) showed the smallest absolute increase in 

φPhos, from 1.0 % to 2.0 %. 4-CN DBI (2r), 4-Cl DBI (2b), 4-Br DBI 

(2e) and 4-SPh DBI (2n) all showed an increase in RTP quantum 

yield by a factor of 2.5. For 4-OMe DBI (2h) we observed an 

increase with a factor of 3.6 (Figure 2b). 4-I DBI (2g) showed the 

smallest relative increase in RTP quantum yield, but showed an 

extremely high φPhos of 76.7 %. 

 

Host-guest RTP from 4-Br DBI with different guests 

Motivated by our findings, we targeted color tunable host-guest 

systems. 2e was employed as a host, due to the balanced RTP 

quantum yield and lifetime values of coronene (3)@4-Br DBI 

(2e). To achieve emission colors of the full visible spectrum, we 

focused on the readily available aromatic compounds G1 - G15 

(Figure 3). 

Upon synthesizing 4-SMe DBI (2k), we could identify 

4-(methylthio)-benzaldehyde (G1) as an RTP causing trace 

impurity (G1). Now using G1 as guest in 4-Br DBI (2e), it also 

caused blue-green RTP. Substituting the thiomethyl residue for 

a 4-bromophenylthioether caused a 3.5-fold increase in RTP QY 

from 2.8 % for G1 to 9.8 % for G2. Similar to G1, RTP was also 

obtained by doping 4-(dimethylamino)benzaldehyde (G3) into 

2e. The RTP of G3 in a host-guest system has been described 

before,33 but no maximum at 613 nm was reported in the RTP 

emission spectrum. This maximum might be attributed to the 

long wave emission band (LE), arising from a twisted 

intramolecular charge-transfer state (TICT) of G3.58,59 

Many polycyclic aromatic hydrocarbons showed RTP with 

2e, highlighting the versatility of this simple, non-polymeric host 

compound. Compounds such as naphthalene derivatives G4 - 

G6 and the structurally related fluoranthene (G7),60–65 

benzophenanthrene isomers G8 - G11,66–69 and benzo-

[ghi]perylene (G15)70–72 allowed us to prepare host-guest RTP 

systems with colors ranging from yellow to deep red. Some of 

these guests have been described before in host-guest RTP 
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systems (see ESI Table S5 for a comparison). For G10, to our best 

knowledge, there has not been a report of RTP yet except for a 

(currently) non-peer-reviewed study.73 

 Pyrene (G11) and its fully deuterated counterpart are well-

studied compounds for host-guest RTP systems, but it is difficult 

to achieve notable quantum yields.56,61,74–77 For comparison, we 

also investigated host-guest systems with pyrene-d10 in 2e, 2b 

and 2g (see ESI chapter 4.3 and ESI Table S6 for details), yielding 

RTP QY of up to 4.1 %. 

 The only benzophenanthrene isomer that did not show RTP 

with 2e was triphenylene, which was expected to show blue 

RTP.78 Instead, we could obtain blue RTP by employing the 

literature-known guest G14.79 Moreover, neither unsubstituted 

naphthalene nor phenanthrene showed RTP as guests. 

Since the introduction of acids, esters and anhydrides 

seemed to enable RTP for naphthalene derivatives G4 - G6 with 

2e, we applied this structural principle to phenanthrene and 

triphenylene, and synthesized G12 and G13 (see ESI chapter 5.3 

for details). A similar functionalization was recently used by Yu 

and coworkers to boost the RTP properties of coronene (3) as a 

guest by substituting it with esters.80 Incorporating G12 and G13 

into 2e showed green and blue RTP respectively, with RTP 

spectrums close to their unsubstituted counterparts.78 

Unfortunately, G13 proved to be light-sensitive in the host-

guest system and degraded quickly upon irradiation, which 

might have contributed to the low RTP quantum yield.  

 

Material properties of DBIs 

Our host-guest systems are not limited to a crystalline 

environment. When cotton wool is soaked with a DCM solution 

of small amounts of 4-Br DBI (2e) and fluoranthene (G7), the 

resulting wool displayed RTP after drying under air (Figure 4a). 

Despite the low RTP quantum yield of the G7@4-Br DBI host-

guest system, the afterglow was easily visible by eye in a dark 

room.  

 Phosphorescence is also induced if the DBI host is present 

only in trace amounts and when both, DBI and guest, are 

embedded in a crystalline matrix together. When we prepared 

a melt-cast sample from p-toluic acid (99.99 wt%) and pyrene-

d10, (0.01 wt%), no RTP was observed after UV-irradiation. 

However, when 4-Br DBI (2e) was added in trace amounts (0.1 

wt%), red RTP could be observed (Figure 4b, see also ESI chapter 

4.3 for details). 

 Finally, we found that selected DBIs showed gelation-type 

behavior when solutions in organic solvents were diluted with 

protic solvents. As a representative example, we diluted a 

dichloromethane (DCM) solution of G12@4-SMe DBI (2k) with 

methanol and found near instant gelation-like solidification of 

the solution (Figure 4c). The solidified mixture was self-standing 

upon inversion of the vial, indicative of an organogel. It further 

showed the green RTP of G12. This result suggests that DBIs 

could be utilized as phosphorescent low-molecular weight 

gelators in the future. A similar result was recently reported by 

Xiang and co-workers, who prepared carbazole-derived amides 

of different (aromatic) acids as organogelators, including one of 

isophthalic acid.81 
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TD-DFT Computations and mechanistic considerations 

From Figure 4b, it is apparent that the RTP of the 

pyrene-d10@4-Br DBI (2e) system arises more likely from the 

interaction of a single pair of molecules, rather than aggregation 

in form of clusters or a certain crystal phase. For this reason, we 

investigated a single pair of host and guest for time-dependent 

density functional theory (TD-DFT) computations. 

TD-DFT computations were conducted with 4-Br DBI (2e) as 

the host and coronene (3), pyrene (G11) and the lactones G12 

and G13 as guests. In the optimized gas-phase geometries, the 

benzyl residues of 2e are tilted towards the planar guest 

molecules. 

A requirement for efficient intersystem crossing is the 

presence of excited singlet and triplet states being energetically  

within < 0.1 eV, which was found in all four investigated systems 

(Table S7). The excitation from the ground state guest@4-Br DBI 

(2e) to excited singlet states involves both the host and the 

guest (see ESI Figures S171-174). Inspection of the natural 

transition orbitals participating in the transitions revealed that 

the excitation is either of almost pure charge-transfer character 

as e.g. for coronene (3) (Figure 5, left), or involves both the host 

and guest as for the lactones G12 and G13 (Figure 5, right). This 

result is in agreement with findings by Yang et al., who showed 

the importance charge-transfer between host and guest to 

realize RTP.82  

The computed differences of the adiabatic energies (Eadia 

and E0−0) of the S0 and T1 are in reasonable agreement with the 

experimentally obtained phosphorescent energies (see ESI 

Table S8), reproducing the observed color tunability of the 

systems. The spin density of the T1 state resides in all cases on 

the guest, suggesting that the observed phosphorescence 

stems from the guest (Figure 6 and ESI Figure S175). 

Pyrene (G11) is known to form exciplexes which can rapidly 

accelerate the ISC process.83,84 When we tested the influence of 

different doping amounts of pyrene-d10 on the fluorescence and 

RTP emission spectra of the pyrene-d10@4-Br DBI (2e) host-

guest system, the excimer fluorescence of pyrene-d10 at 469 nm 

decreased with decreasing guest amounts (see ESI chapter 4.2 

for details). This indicates an origin of excimer emission solely 

from the pyrene dimer interactions in the solid state, rather 

than an exciplex between pyrene-d10 and 2e.85 For isophthalic 

acid, its RTP is thought to be enabled by hyperfine coupling in a 

radical ion pair (RIP), as RIPs were shown to be involved in the 

mechanism of the RTP.46 Similarly, the RTP of benzoindole 

derivatives was recently shown to involve radical cations.32  

Figure 6   Spin density of T1-state of coronene@4Br DBI (left) and G12@4-Br DBI (right) 

representation at +0.005/–0.005 e bohr–3 (orange/cyan).  

Figure 5   Natural transition orbitals (NTO) for TD-DFT computed S0Sn transitions of

coronene@4-br DBI (left) and G12@4-Br DBI (right).  
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 Hence, we assume that the respective guest and DBI form 

an excited singlet state, which turns into a RIP. The singlet RIP 

then undergoes rapid ISC to a triplet RIP, which recombines to 

yield the guest in the triplet state and the DBI in the ground 

state.86 The radiative emission of the triplet guest is then 

observed as RTP. A similar mechanism was also suggested by 

Ma et al. very recently for the G10@benzophenone host-guest 

RTP system and for other PAH guests with the same host.73 

Conclusions 

In conclusion, we have shown that dibenzyl isophthalates (DBIs) 

are versatile and easily accessible hosts for room temperature 

phosphorescence (RTP). Host-guest RTP systems with 

coronene (3) and coronene-d12 as guests showed RTP 

properties that rival or exceed comparable state-of-the-art 

host-guest RTP systems. Namely, the coronene-d12@4-I DBI (2g) 

system could achieve a RTP quantum yield of 76.7 % while 4-CN 

DBI (2r) as a host let to a RTP lifetime of 21.0 s with the same 

guest. Furthermore, the versatility of 4-Br DBI (2e) as a host was 

shown by employing 15 different guests to construct host-guest 

RTP systems, emitting colors ranging from blue to red. The 

properties of DBIs which could lead to the development of RTP 

material applications of DBIs were outlined A mechanism for 

the RTP of DBIs and guests was formulated which could help to 

further understand the phenomenon of host-guest RTP. In the 

future, we expect the development of more structurally diverse 

isophthalates as hosts for RTP applications.  
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