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1. Introduction1)

Recently, people worldwide have been affected by COVID 19, 
which is caused by a type of coronavirus. Body temperature checks 
were used at most entrances, such as at hospitals and health centers, 
as a preliminary means to isolate people with fever. To date, many 
types of systems have been developed for checking body temperature. 
Several researchers have developed sensors for checking body temper-
ature using chemical materials[1-6]. However, it is necessary to devel-
op a sensor for checking body temperature that is convenient to use. 
In particular, a sensor that can show changes in body temperature 
through color changes is attractive.

Polydiacetylene (PDA) is a polymer with alternating double and tri-
ple bonds. Therefore, PDA has multiple conjugate bonds that can dis-
play specific colors. Because the color of PDA can be changed by ex-
ternal stimuli, many PDAs can be applied to develop detecting sen-
sors[7-10]. The outer stimuli may be changes in heat, pH, mechanical 
stress, and other changes in the surrounding environment. Among many 
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previous reports, the research results about PDA color change at low 
temperature were reported[11-13]. We have also conducted several 
studies on PDA in our lab, including color change during drug per-
meation[14-16], solvent effect in PDA color change[17,18], color 
change by newly synthesized PDA[19-21], color change for special 
chemical materials[22-24], and color change related to the molecular 
imprinting system[25,26].

Generally, almost all PDAs are blue, which changes to red when ex-
posed to outer stimuli. When PDA was blue, the UV spectrum showed 
maximum absorption near 640 nm. When PDA was red, it showed 
maximum absorption near 540 nm. There have been many studies on 
PDA; however, the mechanism behind the color change from blue to 
red has not been clearly understood. The color change from blue to red 
indicates that the conjugation length in the conjugated multiple bonds 
is reduced. However, we do not know yet why the changed color is 
always red or a similar shade.

In this study, an easy body temperature checking system was fab-
ricated using a color-changing PDA vesicle system which was formed 
with 10,12-pentacosadiynoic acid (PCDA). This system showed color 
changes at temperatures higher than the body temperature. 
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Abstract
Considering the current COVID 19 pandemic, herein, we developed a material that can be used to fabricate a device for 
checking the body temperature of a person who has been exposed to influenza or corona virus. This material was formed 
by mixing pluronic F127 (F127) with a polydiacetylene (PDA) vesicle, which was formed with 10,12-pentacosadiynoic acid. 
The color of the system started to change from blue to light purple at 37 ℃, finally turning reddish at 40 ℃. Thus, the 
developed material can be used to detect changes in body temperature, and thus, detect signs of fever. The mixing ratio of 
the PDA vesicle and F127 was an important factor for controlling the temperature at which the color change started. The 
results showed that the color change accompanied by the separation of the PDA vesicle with F127. We believe that this phe-
nomenon plays an important role in reducing the conjugation length in the double and triple bond of PDA.
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2. Experimental

2.1. Materials and instruments
PCDA and Pluronic F127 (F127) were purchased from Aldrich 

(Merck, Darmstadt, Germany). Sonication was conducted using a 
VC505 Ultrasonic Processor (Sonics Inc., CT, USA). UV spectra were 
obtained using a UV-1800 spectrometer (Shimadzu Crop., Kyoto, 
Japan), and particle size distribution was obtained using a DLS 9900 
nanoparticle size analyzer (K-One Nano Ltd., Seoul, Korea).

2.2. Preparation of PDA vesicle solution
PCDA (3.75 mg, 0.010 mmol) was dissolved in chloroform (2.5 

mL). This solution was evaporated to retain a thin PCDA film at the 
bottom of the flask. Distilled water (10 mL) was added to the flask 
and sonicated for 10 min. Thereafter, distilled water (5 mL) was added 
and sonicated for 5 min and this process was repeated one more time. 
The total sonication time was 20 min, and the total solution volume 
was 20 mL, and the final product was the PCDA vesicle solution. The 
sonicated vesicle solution was stored at 4 ℃ in a refrigerator for 24 
h before use. The polymerization of the vesicle solution was conducted 
by irradiation with 254 nm UV light for 1 min. Finally, a PDA vesicle 
solution was formed.

2.3. Formation of body temperature checking material
The mixed vesicle system with PDA vesicles and F127 was formed 

as follows. The thin membrane at the bottom of the flask was formed 
with PCDA using the method described in section 2.2. A specific 
amount of F127 was added to this flask, and then, water was added 
and the sonication process was conducted using the aforementioned 
method. The total volume of the resulting mixed vesicle system was 
20 mL. The sonicated mixed vesicle solution was refrigerated at 4 ℃ 

for 24 h before use. The polymerization of the mixed vesicle solution 
was conducted by irradiation with 254 nm UV light for 1 min. Finally, 
a mixed vesicle solution with PDA and F127 was formed.

3. Results and Discussion

3.1. Preparation of body checking material 
This study aimed to develop a material system to detect when the 

body temperature changes beyond normal conditions. Therefore, this 
system does not change color at 36~37 ℃, that is, the color of the sys-
tem changes when the body has a fever caused by an influenza or a 
corona virus. When the PDA vesicle system was formed using only 
PCDA, the color of the system was blue after formation and did not 
change at temperatures below 40 ℃. At temperatures above 60 ℃, the 
color changed from blue to red. Thus, we attempted to devise a system 
in which the color change temperature can be reduced to 37 ℃ by 
mixing other surfactants in our PDA system. We experimented with 
more than 20 surfactants to achieve this goal; however, only one sur-
factant, F127, showed a clear color change between 37 and 40 ℃.

The original name of F127 is poloxamer 407, but it is more known 
as Pluronic F-127, which is the trade name of BASF. F127 is a tri-

Figure 1. Temperature-dependent color change of vesicles formed with
PCDA and F127. (a) Real color change depending on F127 concen- 
tration, S: room temperature. (b) UV spectrum of the mixed vesicle 
in case of 0.60 mM of F127.

block copolymer, poly(ethylene glycol)-poly(propylene glycol)-poly 
(ethylene glycol) [PEG-PPG-PEG]. The chemical structure is PEG101- 
PPG56-PEG101, and its average molecular weight is 12600. PEG is 
hydrophilic and PPG is hydrophobic; therefore, the hydrophilic part is 
more dominant than the hydrophobic part.

Photopolymerization was conducted after the mixed vesicle system 
with PCDA and F127 was obtained. When the temperature changed, 
there was a color change. The F127 concentration was controlled be-
tween 0.30 and 1.80 mM, and the temperature was varied between 36 
and 40 ℃. The results are shown in Figure 1(a).

Figure 1(a) shows that for 0.30 mM of F127, the color does not 
change when temperature increases from 36 to 40 ℃, and the blue col-
or is retained. However, for 0.60 mM of F127, the color changed when 
temperature increased from 36 to 40 ℃, and the blue color gradually 
changed to red. For 0.90 mM of F127, the color rapidly changed to 
red. Thus, we concluded that 0.60 mM of F127 is the optimal concen-
tration for our purpose. The UV spectra for 0.60 mM of F127 are 
shown in Figure 1(b). Figure 1(b) shows that when 0.60 mM of F127 
was used, the absorption peaks of the blue color state at room temper-
ature were 642 and 592 nm. When the temperature was increased to 
36 ℃, a blue shift occurred. The blue color state peaks at 642 and 592 
nm moved to slightly shorter wavelengths, that is, 636 and 587 nm. 
At the same time, the red color state peaks also appeared at 544 and 
505 nm. However, the real color was still almost blue because the ab-
sorption of the blue color state was larger than that of the red color 
state. When the temperature was gradually increased from 36 to 40 ℃, 
the blue color state peaks reduced gradually, and the red color state 
peaks increased gradually. These results were repeated more than three 
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times, and same results were obtained. The color reproducibility of the 
results was well maintained. The real color also changed gradually 
from blue to reddish. Figure 1(b) shows that all UV spectra intersected 
at only one. This means that our vesicle system has only two states, 
those that are in a blue color state and those in a red color state. At 
40 ℃, the blue color state peaks were shown at shorter wavelengths, 
633 and 582 nm. Thus, increasing the temperature reduces the con-
jugation length of multiple bonds in the blue color state as well as in 
the red color state.

3.2. Vesicle size change in increasing temperature 
The vesicle sizes during the increasing temperature were recorded to 

explain the color change mechanism. The results are shown in Figure 2.
Figure 2 shows that the average size of the mixed PDA vesicle was 

247 nm at room temperature and increased to 271 nm at 36 ℃. As 
the temperature was increased, the average size gradually increased to 
289, 329, 354, and 405 nm at 37, 38, 39, and 40 ℃, respectively. At 
room temperature and at 36 ℃, only one peak was observed, but 
above 37 ℃, two peaks were observed. The second peaks were at 
2825, 3119, 3652, and 5006 nm at 37, 38, 39, and 40 ℃, respectively. 
The amount of second particles was smaller than the amount of the 
main vesicle. When the temperature was increased, the size of the sec-
ond particles also increased. We believe that the color change is close-
ly related to the phase separation process. It was assumed that F127 
was the main component of the big second particle because this large 
particle did not form under the same conditions when only PCDA was 
used. A schematic of this phenomenon is shown in Figure 3. 

Figure 3. Schematic of the mixed vesicle structure with PDA and 
F127 depending on temperature increase.

3.3. Vesicle size change during stay in refrigerator
When we prepared the mixed vesicle with PDA and F127, the stabi-

lization was conducted by storing in the refrigerator at 4 ℃ for 24 h. 
So far, we have used this stabilization method for all the vesicle sys-
tems that we have studied. In this study, we checked the size dis-
tribution change during the stabilization process. The results are shown 
in Figure 4.

Figure 4(a) shows that when the mixed vesicle was formed with 
PDA and F127, the size distribution was 11, 243, and 5278 nm before 
stabilization. Among these values, 243 nm is attributed to the mixed 
vesicle of PDA and F127 because the size of the mixed vesicle was 
247 nm after stabilization. We assumed that F127 is the main compo-
nent in the particles of 11 and 5278 nm. We think that 11 nm is the 
micelle with F127 and that 5278 nm is the entanglement with F127. 
The size distribution after storage in the refrigerator at 4 ℃ for 12 h 
is shown in Figure 4(b), which shows that the peaks at 11 and 5278 
nm were almost reduced. The size distribution after storage in the re-
frigerator for 24 h is shown in Figure 4(c). The results showed that 
the peaks at 11 and 5278 nm were removed perfectly and that only 

Figure 2. Size distribution profiles of the mixed vesicles with PDA/F127 (a) room temperature, (b) 36 ℃, (c) 37 ℃, (d) 38 ℃, (e) 39 ℃, and 
(f) 40 ℃.
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Figure 4. Size changes of the mixed vesicles during the formation of 
vesicles, after (a) 0 h, (b) 12 h, (c) 24 h, and (d) 48 h.

Figure 5. Color change stability of the mixed vesicle depending on 
duration.

one kind of mixture was formed. The average particle size was 247 
nm. The size distribution after storage for 48 h is shown in Figure 
4(d), which shows almost similar results as those after 24 h. The aver-
age particle size was 249 nm. In conclusion, storage in the refrigerator 
at 4 ℃ for 24 h is the optimal duration for stabilizing the vesicle 
system.

3.4. Long-term stability of the system
The long-term stability of our system was checked, and the results 

are shown in Figure 5.
The results showed that the system showed the same color change 

after 4 days.

4. Conclusions

In this study, a color-changing body temperature checking system 
was fabricated using PDA and F127. The system showed a gradual 
color change from 36 to 40 ℃. Using this material, a person with a 
fever can be easily identified. We revealed that the color change was 

accompanied by phase separation. When the vesicle system was formed, 
stabilization was achieved after storing the vesicle solution in a re-
frigerator at 4 ℃ for 24 h. We also revealed that one type of vesicle 
was formed during the stabilization process. Therefore, stabilization is 
necessary for obtaining optimal results in the research on the PDA 
vesicle system.
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