
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 23 February 2013, At: 08:02
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer
House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Cholesteric Liquid Crystals: Ambient Temperature
Effects
Peter G. Pick a & John Fabljanlc a
a Hoffman A La Roche Inc., Department of Diagnostic Research, Nutley, New Jersey,
07110
Version of record first published: 26 Apr 2007.

To cite this article: Peter G. Pick & John Fabljanlc (1972): Cholesteric Liquid Crystals: Ambient Temperature Effects,
Molecular Crystals and Liquid Crystals, 15:4, 371-376

To link to this article:  http://dx.doi.org/10.1080/15421407208083573

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or
systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in
any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the
contents will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug
doses should be independently verified with primary sources. The publisher shall not be liable for any
loss, actions, claims, proceedings, demand, or costs or damages whatsoever or howsoever caused arising
directly or indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407208083573
http://www.tandfonline.com/page/terms-and-conditions


Molecular Crystal8 and Liquid Crystals. 1972. Vol. 15, pp. 371-376 
Copyright @ 1972 Gordon and Breach Science Publishers 
Printed in Great Britain 

Cholesteric Liquid Crystals: Ambient 
Temperature Effects 
PETER G. PICK and J O H N  FABlJANlC 
Hoffman A La Roche Inc. 
Department of Diagnostic Research 
Nutley. N e w  Jersey 071 10 

Received December 4, 1970, in revisedfown illarch 9, 1971 

Abstract-The effect of ambient temperature on a liquid crystal tape system 
was  investigated. The data indicate that when the temperature of the object 
being measured is controllable, the crystal tape system is not affected by 
ambient temperature changes. However, if the temperature of the object 
tends toward equilibrium with the ambient temperature, the liquid crystal 
tape system records intermediate values between ambient and source tem- 
peratures. 

1. Introduction 

Early investigators(1.2) had observed that certain cholesterol esters 
when heated pass from white crystalline form through a highly 
colored phase to clear colorless liquid. While the exact nature of 
this phenomenon has not been satisfactorily explained in spite of 
intensive investigation,(3,4) these compounds, referred to as " liquid 
crystals,"(5-'J) have been used to develop sensitive temperature 
measuring systems. Mixtures of the temperature sensitive choles- 
terol crystals are encapsulated in a protective coating and laminated 
to  tape. By choosing the proper mixture to give color changes in a 
desired temperature range, the temperature of an object can be 
correlated accurately with a color and variations in temperature of 
the object result in specific color changes. 

Temperature measuring systems employing liquid crystals easily 
and accurately measure thermal changes both in zG.c .o(~~*)  and in 
~itro.'~) They are stable, simple to use and inexpensive. However, 
the effect of the ambient temperature on this system, when this 
temperature is sufficiently different from that of the object being 
measured, has not been investigated. Obviously, if the environ- 
mental temperature sufficiently alters the reaction of the tape (i.e., 
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produced a color change based on a temperature intermediate be- 
tween the object and environment) the application of these tenipera- 
ture measuring systems will be severely limited. The present report 
describes the results of experiments curried out to determine whether. 
ambient temperature effects the accuracy of t,he liquid crystal tapes. 

2. Materials and Methods 
Two types of liquid crystal tapes for temperature meitsurement 

were employed in this study. The standard liquid crystal esters, 
highly purified, were used in the approximate ratios of cholesterol 
nonanoate 75% W/W, cholesterol oleyl carbonate 15'2, WjW, and 
cholesterol chloride 10% W/W. The following are t,herrnochromic 
responses : 

Liquid crystal 
tape 970-81 Temperature range Polor of t ap )  

32.8"C to 36.0"C: Red 
35.0"C to 35.6"C Yellow 
35.6"C to 37.1 "C Green 
37.1 "C and above Blue 

Liquid crystal 
tape 706-01 Temperature range Color of t a p  

30.4"C to 31.6"C Red 
31.6"C to 32.0"C Yellow 
32.0 "C to 34.7 "C 
34.7 "C and above Bl~ic: 

Green 

A Yellow Springs Instrument Telethermometer Model 42SC, fitted 
with 409 and 401 thermistor probes, was used to measure the surface 
temperature of the flask and the core temperature of the 3000 ml of 
water in the flask (Fig. 1 ) .  Ambient humidity was determined using 
a Bacharach Thermometer/Hygrometer. I t  was monitored only us a 
control, used to avoid any possible severe humidity conditions. 
Ambient temperature, measured using both a mercury thermometer 
and a telethermometer was altered by placing the flask (for the 
desired time interval) in constant-temperature stability rooms 
maintained at  selected temperatures. 
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374 MOLECULAR CRYSTALS A N D  LIQUID C R Y S T A L S  

In the initial experiment, the flask was filled with 3000 ml of water 
which had been heated to 37 "C and a 401 probe inserted to measure 
the water temperature. A 2.5 cma piece of 970-81 liquid crystal 
tape was placed on the exterior flask surface with Scotch tape several 
cm below the water line. The flask was then incubated at 5 "C, 27 "C, 
37 "C and 45 "C for 2 minutes of each ambient temperature, and the 
color of the tape was recorded independently by three observers. 

I n  the second experiment, 3000 ml of water heated to 33.5 "C was 
added to the flask containing a magnetic stirrer. The temperature 
of the water was maintained by agitating the water in the flatgk on a 
Thermolyne Model SP-A1025B stir-hot plate. As the water tem- 
perature rose above 33.5"C, ice was added, and as the water tem- 
perature fell below 33.5 "C, the heater was activated automatically 
to maintain temperature. The water, now in a dynamic temperature 
condition, served as a true heat source being able t o  incrc, m e  or 
reduce its thermal output. A 2.5 cma piece of 706-01 liquid crystal 
tape was applied to the flask as in the first experiment. A 409 
thermistor probe coated with Dow Corning silicone heat sink com- 
pound on the measuring surface was taped to the flask next t o  the 
liquid crystal tape and a 401 thermistor probe was inserted to  ap- 
proximately the geometric center of the flask. The entire apparatus 
with water temperature maintained a t  approximately 33.5 "C was 
placed in constant temperature rooms a t  3"C, 29°C and 37°C 
respectively for 15 minutes at each temperature. The relative 
humidity, temperature of the water, temperature a t  the surface of 
the flask and ambient temperature were recorded a t  2, 5, 10 and 15 
minutes following incubation a t  the ambient temperature. The color 
readings on the tape were independently noted by four observers a t  
each time interval. 

There is the possibility of error when a thermistor probe is used to 
meamre surface temperature. Since the probe is omnidirectional in 
function, it measures the temperature on all of its surface although 
to a smaller extent on its insulated surface which is exposed to  the 
environment. To further insulate this surface a few layers of scotch 
tape were applied over it. Another possible source of error will 
depend on the degree of intimacy achieved between the probe and 
the surface being monitored. Heat sink compound was used to 
reduce this error to  a minimum. Using a " Temperature controller 
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and readout " device to  investigate these two sources of error resulted 
in f 0.2 "C as a maximum potential error. The greatest potential 
source of error is the accuracy associated with the combination of 
thermistor probe and telethermometer ( * 0.5 "C in the instrument 
specifications). Using a temperature standard (YSI Thermilinear 
Thermometer Model 777) our instrumentation accuracy was de- 
termined to be i 0 . 2 " C .  

3. Results 
l n  the initial experiment, the internal temperature of the water 

was 37 "C and a t  this temperature the color of the liquid crystal tape 
(970-81) was green. No attempt was made to  maintain this tem- 
perature when the flask was placed a t  the different ambient tem- 
peratures. I n  the 27 "C and 37 "C constant-temperature rooms the 
tape remained green. In  the 5 "C room, the tape became yellow/green 
indicating either the water in the flask was cooling or the tape was 
reacting to  a temperature compromise between the external ambient 
temperature and the water temperature. The tape turned green/blue 
at the 45 "C ambient temperature, indicating similar possibilities. 
To obviate changes in the internal water temperature, the second 
experiment was conducted whereby the water was maintained a t  a 
constant 33.5 "C. I n  this experiment exposure to  ambient tempera- 
ture of the constant temperature rooms was carried out for 15 
minutes. The results presented in Table 1 show that  a t  the ambient 
temperature of 3 "C, the surface temperature dropped within 2 min 
to  30.2 "C and remained between this temperature and 31.0 "C over 
the 15 min period. The temperature of the water remained between 

TABLE 1 Effect of Ambient Temperature on the  Therrnochromic Response 
of Liquid Crystal Tape (706-01) in Contact with a Constant Heat  Source 

Color change 
Incubation Temperature Temperature of tape from 

time of H,O in at the scirface Ambient expected green 
(min) the flask of the flask temperature (32.OoC t o  

34.7 "C) 

2 33.5"C 30.2 "C 3 "C None 
5 33.7 "C 30.5"C 3 "C None 

10 34.0 "C 31.0"C 3 "C None 
15 33.9"C 30.5"C 3 "C None 
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3 3 5 ° C  and 34.0”C. The liquid crystal tape color remained green 
throughout indicating that the source temperature and not the 
surface temperature was actually being measured by the tape. A t  
29 “C and 37 “C ambient temperatures the surface temperature 
remained essentially the same as that of the H,O heat source rmd as 
expected no change in the color of the tape was observed. 

4. Conclusions 

The data indicate that the tape is accurately reflecting the tern- 
perature of the object, whether this temperature be dynamic or 
static. If the temperature of the object, cannot be maintained when 
exposed to a drastically different ambient temperature, the color of 
the tape will change in response to the changing temperature of the 
object. The color of the tape will continue to change until the object 
temperature has been equilibrated with its environment. Conversely, 
if the temperature of the object is maintained when exposed to a 
drastically different ambient temperature, the color response of the 
tape will not change. Thus, when the ambient temperature iB close 
to that of the object, the data show that the liquid crystal tape will 
accurately reflect the temperature of the object. The data also show 
that when the ambient temperature is much higher or lower than 
that of the object, the thermal state of the object must be considered 
before interpreting the thermochromia response of the tape. 
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