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Introduction: A course on contemporary physics 

with laboratory demonstrations is offered to under-

graduate students at the Universidad Nacional 

Autonoma de Mexico at Ciudad Universitaria in Mexi-

co City.  This course is open to any undergraduate 

students enrolled in science in many disciplines e.g., 

physics, space science, chemistry, biology, and engi-

neering).  Fifty percent of the course work is devoted 

to laboratory work, which is conducted at the 

Laboratorio de Química de Plasmas y Estudios 

Planetarios using state-of-the-art analytical instrumen-

tation.  After an introductory session of laboratory 

safety, the first experiment consists of the preparation 

of a simulated Cretactic/Paleogene atmosphere.  In the 

second laboratory demonstration described here, the 

simulated atmosphere is exposed to shockwaves gen-

erated by laser-induced plasmas to recreate the effect 

of bolide impacts in the Earth’s surface, Chicxulub 

Impact [1]. The experiment is carried out in one labor-

atory session of 3 hrs in length. 

Impact Craters: The Chicxulub crater is located 

in the southern Gulf of Mexico in the carbonate plat-

form, where an asteroid impacted around 66 million 

years ago, at the Cretaceous/Paleogene boundary 

(K/Pg) [1].  The center of the crater is located near the 

town of Chicxulub, after which the crater was named. 

The Chicxulub Scientific Drilling Program was spon-

sored by the International Continental Drilling Pro-

gram (ICDP), and the main goal was to recover a com-

plete section of one of the three terrestrial multi-ring 

basis and to obtain a thick sequence of melt rock and 

ejecta [2]. The Yax-1 bore hole was obtained by drill-

ing 60 km south-southwest of the center of the 180 

km-diameter Chicxulub impact structure down to a 

depth of 1511 m (Kring, 2016) [3-4]. The Chicxulub 

impact event represents one of the most devastating 

events in Earth’s history and it’s correlated with the 

recognition of impact ejecta like spherules, shocked 

minerals and event deposits [5]. The models suggest 

that the carbonate and sulfate rich target rocks could 

have caused environmental effects abruptly changing 

the climate [6-7].  

Laboratory objective: This demonstration is de-

signed to provide the necessary knowledge for han-

dling a pulsed infrared laser to generate a dense and 

hot plasma that can be used to simulate the collision of 

the asteroid that impacted on Chicxulub on the Yuca-

tan platform 66 million years ago. 

Procedure:  The Chicxulub impact was simulated 

in the laboratory by laser ablation of a piece of chalk 

under a simulated K/Pg atmosphere (0.16 % CO2, 30% 

O2  and 69.84% N2) using a pulsed laser Nd-YAG 

beam of 1.06 m photons inside a closed 1-litre Pyrex 

flask at 1 bar using a plano-convex optical glass lens 

with a focal aberration of about 10 mm.  The experi-

mental setup is shown in Figure 1.  The laser beam had 

an energy of 50 mJ per pulse in 5-7 ns operating at 

10Hz [2].  The energy deposited in the system was 

determined by the difference between the input laser 

energy and that transmitted by the plasma, and was 

measured with an optical power system (Labmaster 

Ultima, Coheren) using an optical sensor (LM-P10).  

Figure 2 is a photograph of the laser-induced plasma.  

The simulated atmosphere is exposed for several 

minutes to the effects of the laser-induced plasma.   
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Figure 1.  Experimental setup for the simulation of 

bolide impacts in a simulated K/Pg atmosphere. 
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Figure 2.  Photograph showing the laser-induced plas-

ma in a contained atmosphere. 

Analysis of the exposed atmosphere to shock-

waves:  The blank and irradiated atmospheres are in-

troduced into the injection port of an Agilent Technol-

ogies 7890A GC system held at 250°C by an automatic 

six-port gas-sampling valve with a gas loop of 5 ml.  A 

styrene-divinylbenzene-based porous polymer column 

was used (CP-Porabond Q fused-silica) of 50 m x 0.32 

mm I.D. with a 5 m polymer thickness coating.  The 

column program temperature was isothermal at 50°C 

for 5 min, and then a rate of 10°C min-1 up to 240°C 

and finally isothermal for 6 min. The carrier gas used 

was helium (chromatographic grade from Praxair, Inc.) 

with a flow of 1.2 ml min-1 and a split ratio of 1:100.  

The GC was interfaced at 250°C with a mass detector 

(Agilent Technologies 5975C inert XL EL/CI MSD 

with Triple Axis detector).  The mass spectrometer 

operated in scan mode from 10 to 150 m/z with a mass 

resolution of 1 unity using electron impact at 70 eV.  

The ion source and quadruple were maintained at 

230°C and 150°C, respectively. 

Figure 3 shows extracted ion chromatograms for m/z 

30 of the non-exposed (blank in blue) and exposed 

atmospheres (red) to laser-induced plasma for 2.5 min. 

A small amount of nitric oxide (NO) is generated in 

the mass spectrometer by the elution of air (blue peak); 

however, the main nitrogen oxide produced by the 

Chicxulub impact simulation is NO (red peak).  NO is 

an important greenhouse gas with a double heating 

power than CO2, in the stratosphere it can destroy 

ozone and cool the atmosphere, however in the lower 

part of the atmosphere it can react forming nitrogen 

dioxide (NO2) which reacts with water forming nitric 

acid and producing acid rain [8]. Model calculations 

suggest that the atmosphere can be heated by the shock 

wave of an impact event, producing acid rain [9]. 

When the atmosphere is heated during an asteroid im-

pact, the vapor enriched plume will expand from the 

impact site and eject debris through the atmosphere 

[7]. In an event like the Chicxulub impact ~ 1  1014 

mol of NOx would have been released into the atmos-

phere [9]. 
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Figure 3. Extracted ion chromatograms using m/z 30 

for non-exposed (blue) and exposed simulated atmos-

pheres to laser-induced plasmas (red) for 2.5 minutes.  

 

Conclusions: This laboratory demonstration can be 

used to introduce concepts of atmospheric chemistry, 

prebiotic chemistry, atmospheric evolution, and astro-

biology. 
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