
 

  
   

TOWARDS INTELLIGENT MULTIPHASE 
LABORATORY REACTORS WITH IN SITU 

CHARACTERIZATIONS 

Ryan L. Hartman*, Weiqi Chen and Benjamin Rizkin 
NYU Tandon School of Engineering, Chemical and Biomolecular Engineering 

6 MetroTech Center, Brooklyn, NY 11201 

Abstract 

Our laboratory is progressing towards intelligent micro-scale reactors with in situ characterization 
techniques that can help understand multiphase physical and chemical rate processes.  This presentation 
highlights three significant advancements, i) multiphase microfluidics with in situ Raman spectroscopy 
designed to probe a reacting liquid-liquid interface, ii) the rationale for supervised machine learning in 
such laboratory reactors, and iii) microsystems designed to probe the crystallization of nanomaterials.  An 
example Pd-catalyzed C-C cross-coupling and the discovery of its reaction mechanism by probing a 
liquid-liquid reacting interface will be examined.  Microsystems with online spectroscopic methods also 
create the potential for artificial neutral network control and automation.  Its use in high-throughput 
screening could accelerate the discovery of new catalysis science.  In situ mapping of a packed-bed reactor 
can also provide useful insight.  The nano-sheet size distribution and 2D occupancy of asphaltenes, 
aromatic molecules, within a packed-bed microreactor are readily available by in situ Raman 
spectroscopy.  Finally, crystallizations of societal importance can involve extreme temperatures and/or 
pressures.  We have reported that high-pressure sub-cooled microsystems can reveal the contributions of 
heat and mass transport limitations on the flash crystallization and the dissociation of methane hydrates.   
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Introduction

The integration of spectroscopic techniques with laboratory 
reactors is useful for the discovery of reaction chemistry.  In 
situ characterizations can fingerprint reacting species, 
catalyst, and products for broad classes of reactions.  
However, many transformations of societal importance 
involve multiphase reactions such as liquid-liquid, gas-
liquid, solid-liquid, or combinations thereof.  This makes 
predicting the reaction kinetics and mechanisms a challenge 
where many analytical techniques are also designed for the 
collection of aliquots from batch reactors.  By the time 
samples are analyzed offline data on the physical and 
chemical rate processes are lost.  Recent advances in our 
laboratory have shown that time-resolve in situ 
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characterizations can decipher heterogeneous 
transformations where differential, continuous-flow 
reactors are designed with the spectroscopic techniques 
(Chen et al., 2017, Pinho and Hartman, 2017, Pinho et al., 
2017, Pinho et al., 2017, Chen and Hartman, 2018, Rizkin 
and Hartman, 2018, Rizkin and Hartman, 2018).  

The specific aims of this research include the design of 
multiphase microreactors with in situ characterizations and 
their automation via supervised machine learning.  
Progression towards intelligent reactors creates the 
possibility of autonomous laboratory tools that can screen 
catalytic activity, distinguish mechanisms, discover 
materials science, and recommend kinetics where time is of 



  
 

 

the essence. Reduction in chemical waste, expedited 
information, and more accurate predictive models are 
possible. Their design could be thought of as a “process 
intensification” of how we harness reaction engineering 
knowledge, with merits to revolutionize the science and the 
engineering of industrial-scale processes. 

 

a)  

b)  

Figure 1. a) The first ever direct measurement 
of the reacting interface of a Pd-catalyzed 
carbon-carbon bond formation by in situ 

Raman spectroscopy (Rizkin and Hartman, 
2018). b) IR thermography coupled with 

microreactors allows for accurate, high-speed 
temperature measurement and control and 

faster time to set-point, with less computational 
power than conventional PID controllers 

(Rizkin and Hartman, 2018). 

Results and Discussion 

A preview of results that will be discussed are 
summarized in Figure 1. A stable liquid-liquid reacting 
interface was designed and probed by in situ Raman 
spectroscopy to understand the mechanism controlling a Pd-
catalyzed C-C bond formation (Figure 1a).  It was 
discovered that cationic/anionic deprotonation describes the 
chemistry while product dissociation is likely the rate 
determining step. (Rizkin and Hartman, 2018) Adiabatic 
microreactors can also be specially designed for 
temperature control using computer vision based on IR 
thermography (Figure 1b). Training an artificial neural 
network reveals fast and accurate ramp/decay to set-points 
using thermoelectric modules. (Rizkin and Hartman, 2018) 

This supervised machine learning could someday exploit 
other imaging techniques, such as Raman spectroscopy, for 
analyses of asphaltenes in packed-bed microreactors. 
(Pinho et al., 2017) Also studied and not shown in Figure 1 
are the flash crystallization and dissociation kinetics of CH4 
sI hydrates. Use of thermoelectrically-cooled, multiphase 
microreactors enabled the accurate characterization of 
transport limited crystal growth and dissociation (Chen et 
al., 2017, Chen and Hartman, 2018) kinetics. 

Conclusions 

Multiphase microreactors with in situ spectroscopic 
techniques can yield mechanistic insight on chemistry and 
materials.  Cutting-edge analytical methods such as Raman 
spectroscopy and IR thermography combined with 
supervised machine learning could discover science beyond 
the limit of what was thought possible. 
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