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1. Details of the crossed molecular beams experiment 

 

Figure S1. Experimental setup.  (a) Side view on the cross point; (b) Top-view of the experiment.  

Table S1. Primary and secondary beam peak velocities (vp), speed ratios (S), collision energy (Ec), and center-of-mass angle (ŪCM) for the reaction of 

1,3-butadiynyl radicals (C4H) with 1,3-butadiene (CH2CHCHCH2) and 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2) 

 

 

 

 

Beam vp, m sï1 S Ec, kJ molï1 ŪCM, ° 

1,3-butadiynyl 1071 ± 28 16.3±1.1 ï ï 

1,3-butadiene 777 ± 12 9.5±0.3 22.5±1.0 38.7±1.6 

2-methyl-1,3-butadiene (isoprene) 701 ± 19 5.1±0.5 23.3±1.2 42.3±2.2 
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Figure S2. Pulse sequence for the crossed molecular beam experiment for the reaction of the 1,3-

butadiynyl radical (C4H, X2Ɇ+) with 1,3-butadiene (CH2CHCHCH2, X1Ag) and 2-methyl-1,3-

butadiene (CH2C(CH3)CHCH2, X
1A').
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Figure S3. Timing chart for the crossed molecular beam experiment for the reaction of the 1,3-butadiynyl radical (C4H, X

2Ɇ+) with 1,3-butadiene 

(CH2CHCHCH2, X
1Ag) and 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2, X

1A') 
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2. Diacetylene Synthesis 

 
 

Working with Hazardous Chemicals 
 

Pure Diacetylene is unstable and explosive on air!!!  

  
 
 

The procedures are intended for use only by persons with proper training in experimental organic chemistry.  

 

All hazardous materials should be handled using the standard procedures for work with chemicals described in 

references such as "Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C., 2011; 

the full text can be accessed free of charge at http://www.nap.edu/catalog.php?record_id=12654).  

 

All chemical waste must be disposed of in accordance with local regulations.  

 

2.1 Required Chemicals, Glassware, and Other  
 

Chemicals 

Chemical Quantity Supplier 

1,4-Dichloro-2-Butyne 40 g  Aldrich, D59607-25G 

Ethanol 15 mL 99.5%, Stock Room 

Sodium Hydroxide Pellets 90 g and 2.6 g  Fisher Sci., S318-500 

Glassware 

Item Specification Supplier 

Flask, Three-Neck 500 mL, 14/20 Synthware, F431500 

Water Condenser 250 mm, 14/20 ACE Glass, 9261-12 

Funnel, Pressure-Equalizing 

(Additional funnel) 

125 mL, 14/20 Synthware, F621125G 

Bubbler 26 mm Body (OD),  

0.25ò Hose (OD)  

Synthware, B257040 

Custom Glass-metal LN2 trap 

40 mm body OD, 

225 mm below joint, 

16CF at the center and side tubes 

Based on 

Synthware V103834,  

custom-made metal-glass 

connections 

Gas inlet adapter 

Inner 14/20, Straight,  

¼ tube, 

50 mm below joint 

Custom-made, see Fig. S3 

Vacuum/gas adapter  

(Gas outlet adapter) 
Inner 14/20, Straight, to ¼ tube Custom-made, see Fig. S3 

Joint clips 45/50, 14/20 ï 

Other 

Item Specification Supplier 

Scroll pump Oil Free Varian 

Beverage cylinder 13 L Matheson 

Teflon tubing ¼ inch OD McMaster 

SS tubing ¼ inch OD Swagelok 

¼ Fittings Union fittings Swagelok 

Valves, 5 ea. SS-4H Swagelok 

Convectron gauge 10-4 Torr ï 1 atm 275 MKS 

Absolute Capacitance Manometer 

(Baratron) 
1 ï 1000 Torr MKS 
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Heating plate 
With magnetic stirrer 

Up to 200 °C 
ï 

Two-steps regulator, 2 ea. CGA 580 Matheson 

Adaptor CF-tube, 2 ea. 16CF to ¼ SS tube Swagelok 

Ultra-Torr ï Swagelok adapter 

union 5ea. 

Straight, 

¼ Ultra-Torr to ¼ Swagelok 
Swagelok 

Silicone hose 5/16 ï 

Dow Corning Vacuum Lubricant ï Dow Corning 

He 99.9999% ï Matheson 

Ar 99.9999% ï Matheson 

Mineral Oil For up to 200 °C Aldrich / Fisher 

Glass Mineral Oil Bath ï ï 

 

 

 

 
 

Figure S4. Gas inlet adapter (left) and Vacuum/gas adapter (right) 

 

2.2 Outline  

The synthesis procedure is based on previous works.1,2 Diacetylene is prepared by one-step synthesis 

of treating 40 g 1,4-dichloro-2-butyne with concentrated sodium hydroxide (NaOH) solution under 

mild reflux. Gas transfers are facilitated by the combination of 1/4 inch (OD) Teflon tubing 

(McMaster), Swagelok fittings, and valves.  Positive helium flows into the flask (Scheme S1), 

carrying away white vapors that evolve from the reaction mixture, through a water bubbler, to the 

liquid nitrogen (LN2)-cooled glass trap.  Diacetylene is instantly solidified white inside the LN2-

cooled glass trap, while helium gas continues to flow out to the air. After the reaction is complete, 

the glass trap is exposed to the active vacuum to remove the trapped helium gas. Subsequently into 

the pre-evacuated 13 L cylinder, about 120 Torr of diacetylene sublime within the period of 12 ± 1 

minutes by simply warming up the glass trap in the air. Trap to trap distillation or cutting-down of 

warm-up period has not been attempted, as the crude diacetylene has a quality of ~99% - the mass 

spectrum. 

 

 

NaOH (90g in 100 mL DI water)

Ethanol (15 mL), mild reflux
40 g ~120 Torr in 

13 L Beverage Cylinder

C C CH2ClClH2C C C CC HH
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Scheme S1. Experimental setup: (A) Synthesis, collecting diacetylene; (B) charging and diluting 

13L cylinder. 
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2.3 Procedure (Scheme S1 A) 

Into a 500 mL three-neck flask are placed a stirring bar and 40 g (0.33 mol)  of 1,4-dichloro-2-

butyne. About 15 mL of ethanol (C2H5OH) follows into the flask. Concentrated NaOH solution 

needs to be prepared fresh by mortar and pestle grinding 90 g (2.25 mol) of NaOH pellets into fine 

powders and by dissolving in 100 mL water (use a clean 200 mL flask) ï ensure a complete 

dissolution of NaOH powders free of any specks, which may clog the stopcock of the additional 

funnel.  

Decant (transfer) the NaOH solution to the additional funnel, which will be fixed to the side neck of 

the reaction flask (Scheme S1 A). Afterward, ensure that helium flows into the flask and out to the 

top of the water condenser, bubbles through sodium hydroxide (NaOH) solution ï concentration of 

2.6 g (0.065 mol) in 20 mL deionized water, before it finally vents out of the top of T-shaped glass-

metal trap. Please control the helium flow rate such that it bubbles through the NaOH solution once 

every second, the rate at which it should not over-pressurize the system but be sufficient to keep 

ambient air out. Clamp-tighten the inlet and outlet hoses of the water condenser to be leak-free, 

while running water.   

At this point, ensure that the following components are functional/air-tight: custom-made glass-

metal trap, scroll pump, and the whole glass apparatus (system). Perform in sequence 3 times helium 

charge-purge cycle to remove any air possibly trapped inside the system:  

(1) Close off the inlet Swagelok valve of the glass trap (V1) so that pressure starts to build up inside 

the system,  

(2) connect to your vacuum line the Teflon-tubing end coming out of the outlet Swagelok valve 

(Connect V2 and V3), glass trap ï literally evacuate the body of glass trap down below 50 mTorr,  

(3) close off the outlet Swagelok valve to the vacuum side (V2) and gently open up the inlet 

Swagelok valve (V1) to the air side (system).   

Once vigorous bubbling subsides, repeat (1) and open up simply the outlet Swagelok valve (V2) to 

the active vacuum for step (2). Proceed with the step (3) to complete the 2nd charge-purge cycle. 

Once vigorous bubbling subsides, the next step is gently to blow the positive helium pressure out to 

the ambient air, as you open up the outlet Swagelok valve (V2) and disconnect from the vacuum 

line the Teflon-tubing end coming out of the outlet Swagelok valve. 

The reaction mixture (inside the silicone oil bath) can now be heated while stirring ï power on the 

heating mantle and set at about 150 to 160 °C. Ensure water-running through the condenser leak-

free. In a period of 20 minutes or so, ethanol starts to boil and condenses back to the flask as it 

refluxes. Pour liquid nitrogen (LN2) in the dewar, which surrounds the glass-metal trap (control its 

level during the reaction). Slightly open the additional funnel with caution and permit drops of the 

NaOH solution to flow into the reaction mixture. As a result, the solution turns red, permitting white 

vapors to emerge. Depending on NaOH dropping rates and how ethanol reflux goes, it can be a lapse 

up to ~20 minutes in between the color change of solution and a visible rise of white vapors. As 

NaOH flows in, the reaction mixture turns gradually redder and thicker. At the same time, it permits 

white vapors to stream out of the reaction flask, through the bubbler, to the LN2-cooled glass trap. 

The addition of NaOH should last over 60 minutes, but no longer than 90 minutes - the stopcock of 

the additional funnel gets easily clogged as NaOH cools and precipitates. Near the completion of 
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addition, no further white vapors could be visible. Keep the reaction mixture stirred even after the 

addition is complete, at least additional one and a half hours to complete the reaction. Then, isolate 

the LN2-cooled trap by closing off the outlet Swagelok valve (V2) to the air followed by the 

inlet Swagelok valve to the glass bubbler (V1). Now it is ready for charging the cylinder. 

2.4 Charging the pre-emptied 13L beverage cylinder (Scheme S1 B) 

(1) Connect to the vacuum line the Teflon-tubing end coming out of the outlet Swagelok valve of 

LN2-cooled glass trap (connect V2 and V3). 

(2) Open up the outlet Swagelok valve (V2) and evacuate the body of the glass trap down below 20 

mTorr. 

(3) Open the manual valve of a pre-emptied 13 L beverage cylinder (V8) ï make sure no outgassing 

from the pre-evacuated cylinder.  

(4) Once an ultimate vacuum is established inside the system (glass trap and cylinder V2, V3, V4, 

V5, V7, V8 ï open; V6 - closed) down below 20 mTorr regardless of scroll pump conditions, shut 

off the Swagelok valve to scroll pump (V7) and remove the dewar out of the glass trap. 

(5) Monitor the rise of pressure with the combination of a Convectron/Pirani gauge (below 1 Torr) 

and a membrane (Baratron) gauge (1 Torr to 800 Torr) - just let the glass trap warm up by itself or, 

if necessary, only rub with your hands the body of glass trap. The pressure may arise to 120 Torr 

within 12±1 minute period.  

(6) Close off the manual valve (V8) of the cylinder and place the LN2-containg dewar back to the 

glass trap in order to re-condense back diacetylene from the line ï the condensed materials in the 

glass trap will be eventually discarded. 

 

2.5 Diluting (5%) in argon gas (Scheme S1 B): 

(7) Evacuate the whole line down below 50 mTorr, which includes the regulator with diaphragm 

valve dialed in and outlet valve opened (V6 must be opened). Before continue, make sure that the 

cold trap is isolated so that no high pressure can go inside. Then, flush the regulator twice the charge-

purge cycle as follows (8-10):  

(8) Close off the outlet valve of the argon regulator. 

(9) Twist-open the manual valve of the argon tank to release gas in; close off afterward.  

(10) Discharge the trapped gas to the active vacuum by opening up the outlet valve of the regulator 

and pumping down below 50 mTorr.  

(11) Repeat once the cycle (8-10). 

You are ready to dilute (5%) diacetylene (for example, 156 Torr / ~3 psi) in argon gas.  

(12) Close off two Swagelok valves to the corresponding pressure gauges (V4 and V5) in order to 

prevent any damage. Check that V2 and V3 is closed. Permittable pressure range for Teflon tubes 

may be lower than you may need to build in 13L cylinder.   

(13) Dial-out all the way the diaphragm valve and close off the outlet valve of the argon regulator. 

(14) Twist-open the manual valve of the argon tank to release argon in. 

(15) Slowly dial inward the diaphragm valve to regulate the gas output at 60 psi.  

(16) Close off the Swagelok valve to the scroll pump (V7). 

(17) Open up the outlet valve of the regulator to fill the whole closed system at the regulated 

pressure. 

(18) Finally open up the manual valve (V8) of the diacetylene-containing cylinder and wait until the 

hissing stops - temporarily turn off the scroll pump for better hearing.  

(19) Close the manual valve of the diacetylene cylinder (V8). 
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(20) Close off the manual valve of the argon tank and evacuate the regulator and the vacuum line all 

the way to the scroll pump (open V7). 

(20) after the high Ar pressure is gone (less than 1 atm) open V4 and V5 to monitor the pressure.  

(21) Open V3 and evacuate the V2-V3 line.  

5% diacetylene mixture in argon with a total pressure of about 60 psi is done. Label the diacetylene 

cylinder with the date, name of the mixture (diacetylene in Ar), formula, concentration, total 

pressure, and your name. 

2.6 Finishing the experiment  

After the experiment is done (typically at after lunch), the first thing is to assess ñpotential safety 

hazardò associated with after the experiment. Make sure to unplug/switch off heating elements, stop 

running water through the condenser, and stop helium flow.  

The next thing would discard whatever materials still remain in the glass trap. Do this in the 

following sequence:  

(1) Remove the LN2-containing dewar out of the glass trap,  

(2) vent the glass trap to air,  

(3) take the orange clip off from the joint connection,  

(4) gently twist the glass trap off the inner male ground glass,  

(5) place the glass trap inside the cup sink of the fume hood.  

After this, you may want to quench the reaction mixture in the round bottom flask with plenty 

of water. Please also soak and rinse in water all other glassware that include glass bubbler, additional 

funnel, etc. Next day, clean dirty glassware either chemically using liquid soap/ethanol/water/etc or 

mechanically brushing/sucking through an active vacuum/etc. Finally, dry out glassware inside the 

oven at about 100 °C. 

 

Figure S5. Photo of the experimental setup  
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2.7 Reference mass-spectrum 

Mass spectrums (Figure S4) were recorded on the QMS QMI 422 (Pfeiffer Vacuum) at 100 eV.  

Table S1. Mass spectrum of crude diacetylene (C4H2) 5% in Ar  ï 100 eV EI  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S6. Mass-spectrum of diacetylene recorded at 100 eV 

 

 

  

m/z assignment relative intensity (%) 

Main lines 

12 C+ 14 

13 CH+ 2 

24 C2
+ 5 

25 C2H+ 10 

26 C2H2
+ 4 

36 C3
+ 7 

37 C3H+ 9 

38 C3H2
+ 1 

48 C4
+ 12 

49 C4H+ 50 

50 C4H2
+ 100 

51 12C3
13CH2

+ 8 

Side product on the baseline 

m/z assignment relative intensity (%) 

60 C2H35Cl+ 0.4 

62 C2H37Cl+ 0.2 

86 C4H3
35Cl+ 2 

88 C4H3
37Cl+ 1 

10. 20. 30. 40. 50. 60. 70. 80. 90. 100.

0.

20.

40.

60.

80.

100.

Rel. abundance
 

 

m/z
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3. 1,3-butadiynyl + 2-methyl-1,3-butadiene PES, description of hydrogen loss channels. 

The computational results of the 1,3-butadiynyl - 2-methyl-1,3-butadiene system correlate well 

with the reaction mechanisms derived in the 1,3-butadiynyl - 1,3-butadiene system. Our electronic 

structure calculations identified 28 reaction intermediates (i14 ï i41) connected via 36 transition 

states (Figures S11 and S12) on the pathways to atomic hydrogen elimination. Compared to the 1,3-

butadiene ï 1,3-butadiynyl system, the methyl substituent in the diene chain breaks the symmetry, 

which results in an increasing number of chemically non-equivalent carbon atoms in the diene chain. 

Therefore, the discussion of the reaction mechanisms is ósplitô into two parts: (i) the addition of the 

1,3-butadiene radical to the C1=C2 (Figures S12) and (ii) the addition of the 1,3-butadiene radical 

to the C3=C4 (Figures S11) double bonds in 2-methyl-1,3-butadiene. Both pathways reveal an 

improbability of the hydrogen loss channel from the initial collision complexes i14 and i29; this 

finding is in analogy to the lack of the i1Ÿp6 + H pathway in the 1-butadiynyl ï 1,3-butadiene 

system accounting for 2% at most. With respect to the radical addition to C1=C2, the major 

difference is the lack of pathways from i32 and i33 to i34 in analogy of i4 and i5 isomerizing to i6. 

With respect to the C3=C4 addition pathways, the major distinguishing feature is the presence of an 

additional channel involving H losses from the methyl group of 2-methyl-1,3-butadiene after 

cyclization. These pathways access methyl-substituted derivatives of methylenecyclohexadiene p7 

and p8.  

In detail, the 1-butadiynyl radical can be added without a barrier to any of the four carbon 

atoms of the C1=C2 and C3=C4 double bonds in 2-methyl-1,3-butadiene. Addition to C2 or C3 

positions forms intermediates i14 or i29. These structures can isomerize via two distinct 

cyclopropanyl ring closures. In the first type, closure occurs inside the diene moiety forming the 

C2ïC4 sigma bond (i14Ÿi16) or C1ïC3 (i29Ÿi31) followed by ring opening to i19 and i34, 

respectively. During the second-type ring closure a sigma bond forms between C4 or C1 atoms and 

the nearest carbon atom of the 1-butadiynyl moiety accessing i15 and i30 with subsequent ring 

opening to i17 and i32, respectively. Complexes i17 and i32 also can be accessed directly through 

the 1-butadiynyl radical addition to C4 and C1 of 2-methyl-1,3-butadiene. Intermediate i32 further 

can undergo reaction steps to what for i4 in the 1-butadiynyl + 1,3-butadiene reaction mechanism 

reaching i33-i41, which can be seen as methylated i5-i13. The only difference is the absence of 

possible steps from i32 and i33 to i34, analogues of i4 and i5 to i6 with Ea of 165 and 160 kJ molï1.  

Eventually, after addition to C1=C2 double bond five distinct products can be formed in 

unimolecular decomposition through hydrogen atom loss: p-tolylacetylne (p3; ï391 kJ molï1) from 

i40 and i41; E-3-methylnona-1,3-dien-5,7-diyne (p11; ï151 kJ molï1) from i32, i33, i36, and i38; Z-

3-methylnona-1,3-dien-5,7-diyne (p12; ï149 kJ molï1) from i32, i33, i36, i37, and i38; Z- and E-4-

methylnona-1,3-dien-5,7-diyne (p13 and p14; ï148 and 142 kJ molï1) from i34. 
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In the case of radical addition to C3=C4, intermediate i17 also follows reaction steps to what 

for i4 in the 1-butadiynyl + 1,3-butadiene reaction mechanism, but with two differences:  

(i) the major difference is the presence of an additional distinct channel that leads to 

methylenecyclohexadiene derivates p7 and p8, a chemical class of products that is not present 

even on full PES for 1-butadiynyl / 1,3-butadiene system and it cannot be formed in C1=C2 

addition; 

(ii)  an absence of cis/trans isomerization step for i21 (analog of i8Ÿi10/i35Ÿi38) around C3=C4 

double bond, simply because there are not enough distinct substituent groups around this bond. 

This new pathway to p7 and p8 was opened by the specific structure of i22 (homolog of i9, isomer 

of i37). Inter rotations in i22 around single bonds allow low barrier (Ea = 64 kJ molï1) hydrogen 

atom migration from the methyl group of the 2-methyl-1,3-butadiene moiety and formation of 

resonantly stabilized radical i24, followed by six-membered ring closure to i26 via a 60 kJ molï1 

barrier, which further one more time involves the CH3 group of the 2-methyl-1,3-butadiene moiety 

in the hydrogen shift to access i28 (Ea = 180 kJ molï1).  

In summary, after addition of the 1,3-butadiynyl radical to the C1=C2 double bond in 2-methyl-

1,3-butadiene, five distinct products can be accessed via unimolecular decomposition of distinct 

reaction intermediates through hydrogen atom loss: p-tolylacetylene (p3; ï391 kJ molï1) from i40 

and i41; E-3-methylnona-1,3-dien-5,7-diyne (p11; ï151 kJ molï1) from i32, i33, i36, and i38; Z-3-

methylnona-1,3-dien-5,7-diyne (p12; ï149 kJ molï1) from i32, i33, i36, i37, and i38; Z- and E-4-

methylnona-1,3-dien-5,7-diyne (p13 and p14; ï148 and 142 kJ molï1) from i34. After addition of 

the 1-butadiynyl radical to the C3=C4 double bond, yet the additional five C9H8 isomers can be 

prepared through atomic hydrogen losses: m-tolylacetylene (p2; ï391 kJ molï1) from i25 and i27; 

1-ethynyl-3-methylenecyclohexa-1,4-diene (p7; ï279 kJ molï1) from i28; 1-ethynyl-5-

methylenecyclohexa-1,3-diene (p8; ï265 kJ molï1) from i25, i26, and i28;  (E)-2-methylnona-1,3-

dien-5,7-diyne (p9; ï147 kJ molï1) from i17, i18, i19, and i21; (Z)-2-methylnona-1,3-dien-5,7-diyne 

(p10; ï139 kJ molï1) from i17, i18, i19, and i22.  

Overall, the barrierless addition of the 1,3-butadiynyl radical to the diene moiety in 2-methyl-1,3-

butadiene followed by isomerization (hydrogen shifts, ring closure) accompanied by atomic 

hydrogen loss and aromatization leads to m-/p-tolylacetylene (p2 and p3) via pathways (S1)-(S6): 

  i18 Ÿ i21 Ÿ i22 Ÿ i25 Ÿ p2 + H      (S1) 

    i18 Ÿ i21 Ÿ i22 Ÿ i23 Ÿ i27 Ÿ p2 + H     (S2) 

i18 Ÿ i20 Ÿ i25 Ÿ p2 + H      (S3) 

  i33 Ÿ i36 Ÿ i37 Ÿ i40 Ÿ p3 + H      (S4) 

  i33 Ÿ i36 Ÿ i37 Ÿ i39 Ÿ i41 Ÿ p3 + H     (S5) 

          i33 Ÿ i35 Ÿ i40 Ÿ p3 + H            (S6) 
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4. Full PES for 1,3-butadiynyl + 1,3-butadiene 

 

Figure S7. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 1,3-butadiene (CH2CHCHCH2, X1Ag) leading to C8H6 isomers 

plus the atomic hydrogen calculated at the CCSD(T)-F12/cc-pVTZ-F12//ɤB97X-D/6-311G(d,p) level of theory. Part I 
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Figure S8. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 1,3-butadiene (CH2CHCHCH2, X1Ag) leading to C8H6 isomers 

plus the atomic hydrogen as well as C6H4+C2H3, C6H3+C2H4, C6H2+C2H5, C5H2+C3H5 calculated at the CCSD(T)-F12/cc-pVTZ-F12//ɤB97X-D/6-311G(d,p) level of theory. Part II 
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Figure S9. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 1,3-butadiene (CH2CHCHCH2, X1Ag) leading to C8H6 isomers 

plus the atomic hydrogen calculated at the CCSD(T)-F12/cc-pVTZ-F12//ɤB97X-D/6-311G(d,p) level of theory. Part III 
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Figure S10. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 1,3-butadiene (CH2CHCHCH2, X1Ag) leading to C8H6 isomers 

plus the atomic hydrogen as well as C6H5+C2H2, C5H5+C3H2, C4H5+C4H2 calculated at the CCSD(T)-F12/cc-pVTZ-F12//ɤB97X-D/6-311G(d,p) level of theory. Part IV 
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5. Full PES for 1,3-butadiynyl + 2-methyl-1,3-butadiene 

 

Figure S11. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2; X1A') leading to 

C9H8 isomers plus the atomic hydrogen calculated at the G3(MP2,CC)//ɤB97X-D/6-311G(d,p) level of theory. Relative energies are given in kJ molï1. Part I
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Figure S12. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2; X1A') leading to 

C9H8 isomers plus the atomic hydrogen calculated at the G3(MP2,CC)//ɤB97X-D/6-311G(d,p) level of theory. Relative energies are given in kJ molï1. Part II 
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Figure S13. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2; X1A') leading to 

C9H8 isomers plus the atomic hydrogen as well as C8H6+CH3, C6H5+C3H4, C6H4+C3H5,  C6H3+C3H6,  C5H7+C4H2 calculated at the G3(MP2,CC)//ɤB97X-D/6-311G(d,p) level of 

theory. Relative energies are given in kJ molï1. Part III  
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Figure S14. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2; X1A') leading to 

C9H8 isomers plus the atomic hydrogen as well as C8H6+CH3, C7H6+C2H3, C5H3+C4H6, C5H7+C4H2 calculated at the G3(MP2,CC)//ɤB97X-D/6-311G(d,p) level of theory. Relative 

energies are given in kJ molï1. Part IV 
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Figure S15. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2; X1A') leading to 

C9H8 isomers plus the atomic hydrogen as well as C8H6+CH3 calculated at the G3(MP2,CC)//ɤB97X-D/6-311G(d,p) level of theory. Relative energies are given in kJ molï1. Part V 
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Figure S16. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2; X1A') leading to 

C9H8 isomers plus the atomic hydrogen as well as C8H6+CH3, C7H6+C2H3 calculated at the G3(MP2,CC)//ɤB97X-D/6-311G(d,p) level of theory. Relative energies are given in kJ 

molï1. Part VI 
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Figure S17. Potential energy surface for the bimolecular reaction of the 1,3-butadiynyl radical (HCCCC, X2Ɇ+) with 2-methyl-1,3-butadiene (CH2C(CH3)CHCH2; X1A') leading to 

C9H8 isomers plus the atomic hydrogen as well as C8H6+CH3, C6H4+C3H5 calculated at the G3(MP2,CC)//ɤB97X-D/6-311G(d,p) level of theory. Relative energies are given in kJ 

molï1. Part VII 

 

 

 

 


























