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ABSTRACT 

Initial investigations into the use of a MEMS based 

multi-parameter sensor for the characterization of 

medicine mixtures are presented. The current results 

show good results for density and mediocre results 

for heat capacity. Viscosity measurements have not 

yet produced any usable results. However there are 

clear flaws in the setup which could be the cause of 

this and which will not be present in the final 

integrated chip design. 
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INTRODUCTION 

In hospitals medicine containing fluids fluids are 

commonly administered intravenously (IV), often 

combining multiple fluid lines into one single IV 

line. It is particularly important for prematurely born 

babies to keep the the number of access points to a 

minimum is as these neonates are very fragile and  

the risk of inflammation at the access site is high. IV 

therapy in this special patient group is  associated 

with extreme low total flow rates and  relatively high 

concentrations of medicines contained therein [1].  

 

Although the combining of multiple single medicine 

IV lines through a manifold (multi-infusion) might 

seem relatively straight forward, the underlying 

physics can actually be quite complex. Multi-

infusion can lead to undesired medication flow rates 

or even serious dosage errors. To understand these 

complex mixture flows and prevent adverse effects 

during therapy, a verification of the exact compo-

sition of the medicine mixture as well as the flow 

rate just before entering the patient is required [2].  

 

The system requirements to measure a composed 

medicine flow are multiple: the measurement should 

be  fast, accurate, real time, close to the admission 

site without affecting the medicines or medicine 

flow. Most of the current solutions for identifying 

components in a mixture fail at least one of these 

requirements (e.g. chromatography). Here we 

propose to utilize  a MEMS based multi-parameter 

sensor, developed at the University of Twente, for 

checking the mixture on a set of specific physical 

parameters  [3]. 

 

If the separate flows and the effects of the different 

medicines on the physical properties of the total flow 

are known, the properties of the total flow at the 

admission site can be predicted and compared 

against the actual measurements by using the multi-

parameter sensor. Any deviation between measured 

and predicted values means the mixture is not as 

expected and could be reason for alarm.   

Figure 1 : Schemtic showing the different sensors and how the data combines to obtain the different 

physical parameters. Obtained from [3]. 
 



 

THEORY 

The chosen approach is to track medicine 

concentrations through their effect on the physical 

properties, such as density and heat capacity, of the 

fluid mixture. These effects are undocumented for 

medicines and first need to be determined for each 

separate medicine before mixtures can be 

characterized.  

 

The density and mass-flow of a liquid can be 

measured directly using a Coriolis sensor, but for the 

other parameters of the multi-parameter sensor 

multiple measurement signals need to be combined 

(see Figure 1). The heat capacity is obtained from 

combining the thermal mass-flow and Coriolis 

mass-flow sensor and for the viscosity even three 

signals are used, namely differential pressure, 

Coriolis mass-flow and Coriolis density. 

 

Because we are dealing with low mass fraction 

solutions it is expected that a linear mixing model 

can be used. A linear mixing model implies a linear 

relation between concentration and a change in 

physical properties as well as an adding of effects 

when multiple medicines are combined. Taking the 

density of water as the base density the total density 

can then be defined as follows [4]: 

                                                           
1 The focus of this research is not the chip itself but an 

investigation into the feasibility of using the MEMS-chip 

to detect the required medicine concentrations. For further 

information on the workings of the chip and its ongoing 

𝜌𝑚𝑖𝑥 = 𝜌𝑤 (1 +∑ 𝑐𝜌𝑖  ∙ 𝑤%𝑖
𝑖

) 

Here 𝜌𝑚𝑖𝑥  is the total density of the mixture, 𝜌𝑤 is 

the density of water, 𝑤%𝑖  are the mass fractions of 

the different dissolved  medicines and 𝑐𝜌𝑖 are the 

effects of these medicines on the density of the 

mixture. Similar equations exist for the heat capacity 

and the viscosity of the mixture. 

METHODS 

The current prototype of the MEMS multiparameter 

chip (BL100, [5]), containing only the Coriolis 

mass-flow and density sensor, is combined with a 

separate thermal mass flow sensor (LiquiFlow, [5]),  

and a differential pressure sensor (EL-Press, [5]), to 

simulate the final design of the multi-parameter 

sensor1. The medicine mixture is created by 

combining two separate medicine flows from two 

syringe-pumps [6] whose mixing ratio can be 

changed during the experiment (see Figure 2). 

 

RESULTS 

Initial experiments are aimed at verifying the linear 

behavior of the physical properties as a function of 

medicine concentration and to characterize the 

slopes of these relations. As an example Figure 3 

shows the change in heat capacity as the weight 

development the reader is directed to other talks and 

posters at this conference. 

Figure 2: Overview of the multi parameter setup with two syringe pumps allowing the concentrations 

of binary mixtures to be changed during a measurement run. The measurement section of the setup 

contains a differential pressure  sensor, a thermal mass flow sensor and two Coriolis sensors. The 

micro-Coriolis is a prototype MEMS sensor similar to the multi parameter chip being developed. All 

sensors were supplied by Bronkhorst HighTech BV [5].  

   



fraction of NaCl in solution increases. Though the 

data does seem to  indicate a linear effect, the scatter 

in the data for weight fractions higher than 0.5% is 

still too high. A possible reason is that heat capacity 

is based on the signal of two different sensors which 

are still situated some distance apart in our current 

setup. Similar measurements were performed for 

viscosity but the results are as of yet unsatisfactory 

and are thus not shown here. 

 

In contrast, Density does show a linear relation to 

the mass concentration. This can be seen in Figure 4 

where a 1.25% Dobutamine solution is phased out in 

exchange for a 4% Dopamine solution. The two pure 

solutions and the intermediate mixed steps show a 

linear trend in density indicating that the linear 

model holds for mixtures. 

DISCUSSION 

Relative heat capacity seems a useful measurement 

parameter as it showed a nice linear relation with 

weight fraction of a salt solution for fractions 

smaller than 0.5%.  Density also has a linear relation 

to the mass concentration. However,  similar 

measurements on viscosity are still unsatisfactory, 

probably caused by the strong temperature 

dependence of fluid viscosity.  This effect may be 

reduced by integrating the pressure difference sensor 

into the multi-parameter sensor in order to minimize 

temperature gradients within the measurement 

section . 

 

A second source of measurement errors is the 

physical distance between the three sensors from 

Figure 3: a measurement series showing the dependence of the relative heat capacity (with respect to 

pure water) as a function of the weight fraction of a medical salt solution. 
 

Figure 4: a measurement series 

showing density as a function of the 

concentration of Dopamine and 

Dobutamine. On the far left the 

mixture contains only Dobutamine 

which is linearly blended out in favor 

of Dopamine when moving to the 

right along the horizontal axis. It can 

be seen that in this two medicine 

mixture the density dependence is 

indeed linear. The total flow is kept 

constant during this measurement. 
 



which the viscosity is calculated. Fluctuations in the 

composition of the flow will pass through the 

different sensors at different moments in time. This 

same effect is also present in the heat capacity 

measurement. Like the thermal gradient this phase 

shift between sensors is also expected to be 

significantly reduced when all sensors are combined 

on a single chip. 

 

CONCLUSIONS 

The linear mixing model has been shown to 

applicable in the medical range of medicine 

concentrations, both for single and binary  solutions. 

The density and heat capacity have shown good and 

promising results respectively. Viscosity has been 

unreliable so far, probably due to temperature 

gradients within the setup. It is expected that on-chip 

integration will improve these results are gradients 

and delay effects will be strongly reduced. 
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