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4 ABSTRACT: While previous work has identified the conditions for preparing ultrastable single-
5 component organic glasses by physical vapor deposition (PVD), little is known about the stability of
6 codeposited mixtures. Here, we prepared binary PVD glasses of organic semiconductors, TPD (N,N′-
7 Bis(3-methylphenyl)-N,N′-diphenylbenzidine) and m-MTDATA (4,4′,4″-Tris[phenyl(m-tolyl)-
8 amino]triphenylamine), with a 50:50 mass concentration over a wide range of substrate temperatures
9 (Tsub). The enthalpy and kinetic stability are evaluated with differential scanning calorimetry and
10 spectroscopic ellipsometry. Binary organic semiconductor glasses with exceptional thermodynamic and
11 kinetic stability comparable to the most stable single-component organic glasses are obtained when
12 deposited at Tsub = 0.78−0.90Tg (where Tg is the conventional glass transition temperature). When
13 deposited at 0.94Tg, the enthalpy of the m-MTDATA/TPD glass equals that expected for the
14 equilibrium liquid at that temperature. Thus, the surface equilibration mechanism previously advanced
15 for single-component PVD glasses is also applicable for these codeposited glasses. These results
16 provide an avenue for designing high-performance organic electronic devices.

17 Glasses play a central role in modern technologies,
18 including communications,1 pharmaceuticals,2 and or-
19 ganic electronics.3 They are amorphous solids with macro-
20 scopic homogeneity and nearly unlimited compositional
21 flexibility. These features make glasses preferable to crystalline
22 materials in some applications, such as organic light emitting
23 diode (OLED) displays. The active layers in OLEDs are
24 organic semiconductor glasses. The macroscopic homogeneity
25 of glasses ensures smooth surfaces and uniform performance in
26 all pixels, while the compositional flexibility of the glassy matrix
27 facilitates the preparation of well-mixed emissive layers with
28 tunable composition. A fundamental challenge for glass
29 materials is their long-time stability.4,5 Due to their non-
30 equilibrium nature, glasses can either physically age6 over time
31 or undergo crystallization if chemical degradation is
32 prevented.7 Both may lead to degradation of the performance
33 of the OLED device and reduce lifetime.8 Therefore, it is
34 practically important to produce glass materials with highly
35 enhanced stability.
36 Recent studies have demonstrated that physical vapor
37 deposition is an excellent technique to prepare glasses with
38 exceptional thermodynamic and kinetic stability.9−12 In
39 addition, such ultrastable PVD glasses also exhibit high
40 density,13 enhanced photostability14,15 high resistance to
41 crystallization,16 and high mechanical moduli.17,18 These
42 desirable properties cannot be obtained using other prepara-
43 tion techniques. It is hypothesized that surface mobility is
44 responsible for the formation of these ultrastable glasses
45 prepared from PVD.11 The strongly enhanced mobility at the
46 glass surface allows molecules to find low energy configurations
47 before being buried by further deposition.11 This surface

48equilibrium mechanism has been supported by theoretical
49work,19,20 computer simulations,21−23 and direct surface
50mobility measurements.24−27 With a few exceptions,28−30

51however, the study of the stability of PVD organic glasses
52has been limited to single-component systems.
53Some fundamental issues remain to be addressed regarding
54the stability of the PVD glass mixtures. It is not clear whether a
55mixture should form an ultrastable glass, even when the two
56components individually form ultrastable glasses. Based on the
57knowledge from single-component PVD glasses, high mobility
58at the surface is the key for molecules to find low energy
59configurations and form ultrastable glasses. However, it may be
60impossible to find a proper deposition temperature, at which
61both components for codeposition have high surface mobility
62simultaneously, especially when they have a large difference in
63Tg values. In addition, even if the two pure components can
64have high enough surface mobility at a given temperature,
65immiscibility or the capability to form hydrogen bonds
66between components (which would lower surface mobility)
67may block the formation of ultrastable mixtures. Very recent
68work reported that codeposited organic semiconductor glasses
69of 8-hydroxyquinolinolato-lithium (Liq) and 4,7-diphenyl-
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70 1,10-phenanthroline (BPhen) do not show ultrastable proper-
71 ties (e.g., higher density).30

72 Understanding the properties of PVD glass mixtures is
73 important for the technology. PVD is the standard route to
74 prepare glassy layers of organic semiconductors in OLEDs and
75 these layers are often mixtures. For example, the light-emitter
76 layer is generally a glassy mixture of light-emitting molecules
77 dispersed in a host.31−33 Recent studies have indicated that
78 OLEDs prepared with ultrastable vapor-deposited glass layers
79 show extended device lifetime.34,35 Thus, it is an important
80 goal to understand the physical mechanisms controlling the
81 stability of vapor-deposited glass mixtures and to identify the
82 deposition conditions that produce highly stable multi-
83 component glasses.
84 To enrich our understanding of multicomponent PVD
85 glasses, we codeposited binary glasses of organic semi-
86 conductors: m-MTDATA and TPD, in a wide substrate
87 temperature (Tsub) range. The two components selected can
88 form ultrastable glasses as neat materials.36 Differential
89 scanning calorimetry and spectroscopic ellipsometry were
90 applied to evaluate the enthalpies and kinetic stabilities of the
91 PVD mixtures. In this work, we focused our attention on
92 nondilute mixtures with a mass ratio near 50:50, as we
93 anticipate that this is the regime in which ultrastable glass
94 formation is most challenging. We found that the stability of
95 codeposited m-MTDATA/TPD glasses is controlled by Tsub/
96 Tg (where Tg is the conventional glass transition temperature)
97 in the same manner as single-component PVD organic glasses.
98 When codeposited at Tsub = 0.78−0.90Tg, the most stable
99 binary glasses are formed with an onset temperature being 5%
100 higher than the conventional glass transition temperature,
101 which is comparable to the most stable single-component
102 organic glasses. Interestingly, the enthalpy of m-MTDATA/
103 TPD glass deposited at 0.94Tg is equal to that expected for the
104 equilibrium liquid at that temperature. All these results are
105 consistent with the surface equilibration mechanism previously
106 advanced to understand single-component PVD glasses.

107 f1The DSC results in Figure 1A demonstrate that the
108codeposited m-MTDATA and TPD (chemical structures
109shown in Figure 1) glass mixture with a 50:50 mass ratio
110prepared at Tsub = 300 K is kinetically much more stable than
111the corresponding liquid-cooled glass. The results for the as-
112deposited sample obtained in the initial heating process are
113presented in pink. After the as-deposited glass is completely
114transformed into the liquid state, the same sample is cooled by
11510 K/min to form the corresponding liquid-cooled glass and
116then heated again, yielding the gray data. As shown in Figure
1171A, the devitrification process for both deposited and liquid-
118cooled glass is accompanied by a significant increase in heat
119capacity. The onset temperature (Tonset) where the as-
120deposited glass starts to transform is 361.3K, while the glass
121transition temperature (Tg) characterized using the midpoint
122convention for the corresponding liquid-cooled glass is 341.1K.
123This 20.2 K difference suggests that a much higher
124temperature is required for the vapor-deposited sample to
125disrupt its glassy molecular packing, a straightforward
126indication of higher kinetic stability for the codeposited m-
127MTDATA/TPD glass. It should be emphasized that the as-
128deposited films are fully amorphous. The absence of crystalline
129material is confirmed by grazing-incidence wide-angle X-ray
130scattering (GIWAXS) and DSC measurements (Figures S1
131and S2).
132One challenge in performing calorimetric measurements on
133thin vapor-deposited glasses is to introduce sufficient sample
134mass for good thermal signals. Rodriǵuez-Tinoco et al.37

135addressed this issue by using aluminum foil as the substrate
136and then folding the foil with deposited glass into a DSC pan.
137In this work, we used gold foil rather than aluminum because
138of its better thermal conductance. We codeposited a 1200 nm
139organic film onto a 1.8 × 1.8 cm2 gold foil; the foil mass was
140about 0.4 mg, while the sample mass was about 0.5 mg. As
141shown in Figure 1A, this mass is sufficient to obtain good glass
142transition thermal signals for our samples.

Figure 1. Temperature scanning experiments to determine the kinetic stability of codeposited m-MTDATA/TPD glasses with a mass ratio of
50:50. The binary glasses were prepared at Tsub = 300 K with a deposition rate 0.42 ± 0.03 nm/s. A) Heat capacity as a function of temperature
determined from DSC measurements in the heating process with 10 K/min; B) Normalized film thickness as a function of temperature determined
from ellipsometry ramping measurements at a heating rate of 1 K/min. The film thickness is normalized at 300 K.
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143 Ellipsometry measurements reveal consistent results with the
144 calorimetric experiments. Figure 1B shows the normalized film
145 thickness as a function of temperature for a codeposited m-
146 MTDATA/TPD (50:50) glass mixture at Tsub = 300 K. The
147 film thickness for both as-deposited and liquid-cooled glasses
148 increases linearly with temperature due to thermal expansion.
149 A sharp deviation from this linear dependence was observed
150 when the samples started to expand as they transform into a
151 supercooled liquid. In the ellipsometry data, the obtained Tonset
152 for codeposited m-MTDATA/TPD glass is 17.6K higher than
153 the Tg for the liquid-cooled glass, consistent with high kinetic
154 stability. It is expected that the absolute transition temper-
155 atures measured by ellipsometry are somewhat lower than
156 those measured by calorimetry due to the lower heating rate
157 employed.
158 The ratio Tonset/Tg is often used to quantify the kinetic
159 stability of vapor-deposited glasses.38 For the codeposited m-
160 MTDATA/TPD glasses, calorimetry and ellipsometry meas-
161 urements show good agreement, with Tonset/Tg equal to 1.06
162 from calorimetric experiments and 1.05 from ellipsometry
163 measurements. Interestingly, Tonset/Tg = 1.05−1.06 is con-
164 sistent with the values found in the most stable single-
165 component PVD organic glasses.38 Furthermore, the Tsub =
166 300 K used to create the ultrastable m-MTDATA/TPD glasses
167 is equal to 0.88Tg, located in the optimal temperature region
168 (i.e., 0.78−0.90Tg) for preparing single-component ultrastable
169 organic glasses.38

170 The results above suggest that the surface equilibration
171 mechanism previously advanced for single-component glasses
172 may be applied to understand the kinetic stability of
173 codeposited m-MTDATA/TPD glasses. To test this hypoth-
174 esis, we codeposited m-MTDATA/TPD mixtures with the
175 same mass ratio of 50:50 at five additional substrate
176 temperatures ranging from 210 to 340 K. We present the

f2 177 DSC results for these codeposited glasses in Figure 2A and the

178results from ellipsometry measurements are shown in Figure
179S3. As seen from Figure 2A, the Tonset values for deposited
180glasses varies substantially with the substrate temperature used
181to prepare the glasses. This demonstrates that the kinetic
182stabilities of codeposited m-MTDATA/TPD glasses are
183controlled by the substrate temperatures, consistent with the
184surface equilibration mechanism.
185Figure 2A also indicates that the enthalpy for codeposited
186m-MTDATA/TPD glasses with the same chemical composi-
187tion is tunable. One may see that the glass transition
188endothermic peak area is not constant when the glass mixtures
189are deposited at different Tsub. The endothermic peak area
190quantifies the enthalpy required to transform the glass into an
191equilibrium liquid state. Figure 2B shows the enthalpy for
192codeposited m-MTDATA/TPD glasses as determined by
193integrating the heat capacity data in Figure 2A. Excluding
194the glass deposited at Tsub = 340 K, the enthalpy of
195codeposited glasses is significantly lower than that of the
196liquid-cooled glass.
197The thermodynamic stability of codeposited m-MTDATA/
198TPD glasses can be quantitatively compared to single-
199component PVD glasses using the fictive temperature Tf.

11

200As shown in Figure 2B, the Tf values for codeposited m-
201MTDATA/TPD glasses were determined from the temper-
202ature where the as-deposited glass enthalpy matches the
203(extrapolated) enthalpy data for the equilibrium liquid (the
204black curve). The m-MTDATA/TPD glass deposited at Tsub =
205270 K has the lowest Tf = 311.1 K, which is 30 K lower than
206that of the ordinary liquid-cooled glass with Tf = Tg = 341.1 K.
207This result is comparable to the most stable PVD glasses of
208pure TNB11 and IMC,39 as well amber glasses aged for tens of
209millions of years40,41 whose Tf values are around 30 K lower
210than the glass transition temperature of the liquid-cooled glass.
211 f3Figure 3 demonstrates that the kinetic and thermodynamic
212stabilities of codeposited m-MTDATA/TPD glasses are
213correlated. As shown in this figure, codeposited m-
214MTDATA/TPD glasses with higher Tonset/Tg (i.e., higher
215kinetic stability) have lower Tf/Tg (i.e., lower thermodynamic
216energy state). The highest Tonset/Tg and lowest Tf/Tg values

Figure 2. A) DSC heating curves for m-MTDATA/TPD mixtures
codeposited at different temperatures. The gray curve denotes the
result of the ordinary liquid-cooled glass; B) The enthalpy as a
function of temperature for the studied m-MTDATA/TPD glasses.
The heat capacity of the samples shown in panel A is integrated to
obtain the enthalpy data, providing access to the fictive temperature
for each sample. The dashed line is the extrapolation of the
equilibrium liquid enthalpy to lower temperature by fitting the
enthalpy data above Tg (from 345 to 380 K) to a quadratic function.

Figure 3. A) DSC results of Tonset/Tg for deposited m-MTDATA/
TPD mixtures (red) and neat TPD (light green) glasses. The solid
lines are guides to the eye; B) DSC results of Tf/Tg for deposited m-
MTDATA/TPD mixtures (red) and neat TPD (light green) glasses.
The blue dashed line represents the Tsub = Tf line. The DSC heating
curves for as-deposited TPD glasses and the corresponding enthalpy
data are displayed in Figure S4.
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217 are obtained simultaneously when m-MTDATA/TPD glasses
218 are prepared at Tsub = 0.78−0.90Tg. These results indicate that
219 the kinetic stability of ultrastable m-MTDATA/TPD glasses is
220 coupled with the occurrence of low energy packing arrange-
221 ments. Although this behavior has been observed in single-
222 component organic vapor-deposited glasses,9,38,42 it should be
223 noted that this is not a general feature for PVD glasses. For
224 example, the ternary metallic glass of Zr65Cu27.5Al7.5 deposited
225 at 0.8Tg has an enhanced kinetic stability and elastic modulus
226 but an enthalpy higher than the corresponding liquid-cooled or
227 annealed glasses.17

228 Moreover, the determined trends of Tonset/Tg and Tf/Tg as a
229 function of Tsub/Tg for codeposited m-MTDATA/TPD
230 mixtures are in good agreement with those for most organic
231 single-component PVD glasses.9,38,42 As an example for
232 comparison, we added the Tonset/Tg and Tf/Tg values for
233 vapor-deposited TPD glasses into Figure 3A and 3B. These
234 values are determined on the basis of the DSC measurements.
235 The corresponding heat capacity and enthalpy data are listed in
236 Figure S4. As seen from Figure 3, the data points of Tonset/Tg
237 (or Tf/Tg) as a function of Tsub/Tg for m-MTDATA/TPD
238 mixtures (red points) exhibit the same pattern as those for
239 pure TPD (light green points). Importantly, similar results are
240 obtained using spectroscopic ellipsometry (Figure S5).
241 The nonmonotonic dependence of Tonset/Tg and Tf/Tg on
242 Tsub/Tg revealed in Figure 3 can be understood as a result of
243 the surface equilibration process during deposition. When the
244 layer is deposited below Tg, there is a thermodynamic driving
245 force to reach the equilibrium liquid state at that temperature.
246 High surface mobility enables molecules to find low energy and
247 high stability configurations before being buried (and
248 immobilized) by further deposition. Direct evidence for this
249 view is presented in Figure 3B; the fictive temperature for m-
250 MTDATA/TPD glasses deposited at 0.94Tg is equal to the
251 corresponding substrate temperature (the blue dashed line
252 shows Tsub = Tf). At lower values of Tsub/Tg, there will be a
253 larger thermodynamic driving force to form equilibrium state,
254 but simultaneously, the surface mobility will decrease. The

255most stable glasses with the highest Tonset (or lowest Tf) are
256formed when high surface mobility is paired with a large
257thermodynamic driving force. For organic semiconductor
258compounds deposited at normal rates around 0.1−1 nm/s,
259this match typically occurs when Tsub is around 0.78−
2600.90Tg.

36,38 At substrate temperatures lower than this, the
261surface mobility is not so high, and only moderately stable
262glasses are formed despite the presence of a larger driving
263force. Our conclusion that the surface equilibration mechanism
264explains the stability of codeposited glasses is consistent with
265and extends previous work that interpreted molecular
266orientation in codeposited glasses using this mechanism.43,44

267It is expected that the molecular interactions between the
268two components will have a strong influence on the properties
269of the binary PVD glasses. For example, strong repulsive
270interaction may lead to component separation during
271deposition, and strong attraction may inhibit surface diffusion.
272For this reason, we investigated the miscibility of m-MTDATA
273and TPD in bulk mixtures through calorimetric measurements.
274 f4Figure 4A illustrates the DSC results of the initial heating
275process for binary crystalline physical mixtures of m-MTDATA
276and TPD of different compositions. The percentages give the
277mass concentration of TPD in each sample. Excluding pure
278TPD (100% sample) and pure m-MTDATA (0% sample), two
279melting processes are observed in all mixtures and the lower
280melting point is independent of the compositions, indicating a
281eutectic system. Based on these measurements, we constructed
282the phase diagram of m-MTDATA/TPD mixtures. As seen in
283Figure 4C, the experimental data are in good agreement with
284the theoretical prediction from the Schröder−Van Laar
285equation, indicating that this binary system is quite close to
286an ideal mixture, which is miscible at any composition.
287The glass transitions observed for these physical mixtures
288provide important checks on miscibility and composition of
289the PVD samples. As can be seen in Figure 4B, for each
290mixture, a single glass transition is observed, demonstrating the
291formation of a single glassy phase during cooling the molten
292mixture. According to these DSC data, we determined the glass

Figure 4. A) Differential scanning calorimetry thermograms of the crystalline physical mixtures of m-MTDATA/TPD with different compositions.
The percentages denote the corresponding mass concentration of the TPD. B) The glass transition region is for m-MTDATA/TPD mixtures with
different compositions. C) Phase diagram of m-MTDATA/TPD mixtures using experimentally determined data (circles) and a fit to the Schröder−
Van Laar equation (blue curves). D) The glass transition temperature of m-MTDATA/TPD mixtures as a function of mass concentration of TPD.
The black circles are experimental data determined from panel B and the red curve is a fit to the Gordon−Taylor equation.
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293 transition temperature for m-MTDATA/TPD mixtures as a
294 function of the TPD concentration. As shown in Figure 4D,
295 the Tg values decrease monotonically with the increase of TPD
296 concentration, and the Gordon−Taylor equation45 describes
297 the data well. Based on the Gordon−Taylor fitting curve, the
298 codeposited m-MTDATA/TPD glasses discussed above with
299 Tg = 341.1 K will contain 46% TPD, which is quite close to the
300 TPD concentration of 50% determined based on deposition
301 rate. We infer that the as-prepared PVD glasses are well-mixed,
302 based upon the single heat capacity maximum observed in the
303 DSC experiments (Figure 2A) and the observation that the use
304 of the mixture Tg in Figure 3 produces good correspondence
305 with single-component PVD glasses.
306 Sufficient surface mobility of both TPD and m-MTDATA
307 molecules at temperatures of interest is the key to forming
308 ultrastable codeposited m-MTDATA/TPD glass mixtures.

f5 309 Figure 5 shows the experimental surface diffusion coefficients

310 (Ds) for pure TPD
24 and m-MTDATA46 plotted as functions

311 of the absolute temperature. The Arrhenius equation was
312 applied to fit the data and extrapolated to lower temperatures.
313 The gray shaded portions of the extrapolated curves are the
314 regions where highly stable TPD or m-MTDATA glasses are
315 formed (using the criterion that Tonset /Tg ≥ 1.05 for TPD and
316 Tonset /Tg ≥ 1.04 for m-MTDATA). Via this procedure, we
317 estimate that the minimum Ds required to form ultrastable neat
318 glasses of TPD and m-MTDATA is around 3 × 10−24 m2/s.
319 Interestingly, the Ds values for both TPD and m-MTDATA are
320 above 3 × 10−24 m2/s in the temperature region where the
321 most stable codeposited m-MTDATA/TPD glasses are formed
322 (the pink shaded region). If we assume that Ds for each
323 component in the mixture is not too different from the pure
324 component Ds values, our results can be rationalized by
325 concluding that both components in the codeposited mixture
326 must have surface mobility above some minimum value if a
327 stable glass is to be formed. When both components have high
328 mobility and Tsub is below the conventional glass transition
329 temperature of the corresponding mixtures, we expect that low
330 energy and high stability packing arrangements can be formed
331 during deposition. From this perspective, a major reason why
332 TPD and m-MTDATA can simultaneously have high mobility
333 at the same temperatures is their comparable glass transition

334temperatures and ideal mixing. A mixture with strong attractive
335interactions (nonideal mixing) might have lower surface
336mobility that would interfere with stable glass formation, but
337the nearly ideal nature of the m-MTDATA/TPD mixture rules
338out this possibility. The arguments in this paragraph are based
339upon the assumption that surface mobility of one component
340is not perturbed by the presence of the second component. For
341stable glass formation, this is the least optimiztic scenario. If,
342for example, both components in a mixture were to have the
343same (average) surface mobility, then it would not be
344important that the two components had comparable Tg values.
345Future work that provides guidance for understanding the
346surface mobility of multicomponent systems would be very
347useful.
348So far, three works have investigated the stability of vapor-
349deposited organic glass mixtures. In 2013, Whitaker et al.
350reported highly stable glasses of cis/trans-decalin mixtures
351across a range of compositions using in situ AC nano-
352calorimetry;28 the two isomers in this mixture have very similar
353chemical structures and identical glass transition temperatures.
354In 2018, Qiu et al. showed that PVD produced stable glasses of
3555% 4,4′-diphenylazobenzene (DPA) with 95% celecoxib.29

356The current work on m-MTDATA/TPD mixtures consid-
357erably expands upon these two papers in using organic
358semiconductor molecules that have different shapes and Tg
359values and shows that highly stable glasses are obtained even
360for 50/50 mixtures. In 2022, Ki et al. reported an ellipsometric
361study involving the stability of codeposited organic semi-
362conductors.30 They reported that codeposited Liq and BPhen
363glasses across a wide mixing ratio did not show ultrastable
364behavior when deposited at 0.80Tg−0.89Tg. We note that Ki et
365al. also reported that pure Liq failed to form stable glasses via
366PVD. We see this as a key difference as, for the mixtures
367studied here, it has been confirmed experimentally that the two
368pure components (i.e., TPD and m-MTDATA) can form
369ultrastable glasses individually at proper deposition condi-
370tions.36 The inability of a pure component to form stable
371glasses via PVD could be interpreted as a lack of surface
372mobility, which might explain why mixtures involving that
373component do not form stable glasses.
374Given the large number of organic semiconductor mixtures
375used as active layers and the importance of their stability in
376electronic devices, it is useful to consider how general our
377results may be. We conclude that the surface equilibration
378mechanism controls the stability of codeposited m-MTDATA/
379TPD glasses and suggest that the following three key features
380are closely related to this conclusion: (i) both components can
381form ultrastable glasses individually via PVD; (ii) the
382components mix well at all compositions without strong
383association; (iii) the glass transition temperature difference
384between the components is not too large. Since many organic
385semiconductors can form ultrastable glasses individually when
386deposited under optimal conditions,36,38,47 based on the
387knowledge gained here, we expect that other organic
388semiconductor mixtures can form ultrastable glasses when
389the chosen compounds have properties similar to m-MTDATA
390and TPD, including comparable glass transition temperatures,
391high miscibility, and no strong association. In addition, we
392anticipate that dilute mixtures of organic semiconductors,
393which are widely used as light-emitter layers in OLED displays,
394can form ultrastable glasses when deposited at around 0.85Tg
395as sufficiently dilute solutions are always miscible. This
396prediction is consistent with the work by Raf̀ols-Ribe ́ et al.34

Figure 5. Surface diffusion coefficient of pure m-MTDATA (blue)
and TPD (green) as a function of the absolute temperature. The Ds
data for m-MTDATA and TPD were taken from ref 46 and ref 24,
respectively. The dashed lines denote the Arrhenius extrapolation
used to predict the Ds values at lower temperatures.

The Journal of Physical Chemistry Letters pubs.acs.org/JPCL Letter

https://doi.org/10.1021/acs.jpclett.3c00728
J. Phys. Chem. Lett. XXXX, XXX, XXX−XXX

E

https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
pubs.acs.org/JPCL?ref=pdf
https://doi.org/10.1021/acs.jpclett.3c00728?urlappend=%3Fref%3DPDF&jav=AM&rel=cite-as


397 in which OLEDs containing a codeposited dilute mixture layer
398 prepared at 0.85Tg showed longer device lifetimes, if we
399 assume that these longer lifetimes result from ultrastability.
400 In summary, our work presents the first case of nondilute
401 organic semiconductor glass mixtures with exceptional
402 thermodynamic and kinetic stability. We demonstrate that
403 the substrate temperature controls the stability of codeposited
404 glasses of m-MTDATA and TPD in the same way as it controls
405 the stability of single-component PVD organic glasses. For
406 deposition near Tg, the enthalpy is equal to that expected for
407 the equilibrium liquid. Thus, the surface equilibration
408 mechanism is extended to codeposited PVD glasses. We
409 suggest that the main reasons why the PVD glasses of this
410 binary system behave like a neat PVD glass are the ideal
411 solution behavior and the comparable surface mobilities over
412 the studied temperature range. In addition, both m-MTDATA
413 and TPD are good glass formers and can individually form
414 ultrastable glasses when deposited under proper conditions.
415 Thus, they can be regarded as a model system to study the
416 properties of binary PVD glasses of organic semiconductors.
417 We expect that other organic semiconductor mixtures can form
418 ultrastable glasses when the chosen compounds have proper-
419 ties similar to m-MTDATA and TPD.
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