
 

 

Acta Cryst. (2022). C78,  https://doi.org/10.1107/S2053229621013607        Supporting information 

 
Volume 78 (2022) 

Supporting information for article: 

Thermal-induced transformation of glutamic acid to pyroglutamic acid 
and self-cocrystallization: a charge–density analysis 

Sehrish Akram, Arshad Mehmood, Sajida Noureen and Maqsood Ahmed 

 

  

https://doi.org/10.1107/S2053229621013607
https://doi.org/10.1107/S2053229621013607
http://journals.iucr.org/c


 

 

Acta Cryst. (2022). C78,  https://doi.org/10.1107/S2053229621013607        Supporting information, sup-1 

 

Table S1 

Topological properties of (3,-1) CPs in the covalent interactions of co-crystal (I), experimental values 

(blue) and theoretical values (red): distances (Ǻ),electron density(eǺ-3), Laplacian (eǺ-5), Hessian 

eigenvalues (eǺ-5), ε = ellipticity. 

 

 

No 
Bonds d12 d1CP d2BCP ρBCP(r) 𝛁𝟐ρBCP(r) λ1 λ2 λ3 ε 

1 O6–C10 
1.197 0.786 0.411 2.874 -18.66 -28.94 -27.43 37.71 0.055 

1.197 0.745 0.453 3.144 -41.72 -30.53 -27.48 16.30 0.111 

2 O2–C5 
1.209 0.792 0.417 2.834 -22.26 -28.09 -26.49 32.31 0.060 

1.210 0.756 0.454 2.987 -36.97 -28.68 -24.96 16.67 0.149 

3 O4–C6 
1.249 0.807 0.443 2.727 -31.74 -25.44 -23.60 17.30 0.078 

1.250 0.765 0.485 2.743 -32.47 -24.49 -22.17 14.18 0.105 

4 O5–C6 
1.251 0.807 0.445 2.721 -32.13 -25.31 -23.45 16.63 0.079 

1.250 0.760 0.491 2.723 -31.95 -24.21 -22.08 14.33 0.097 

5 O1–C1 
1.240 0.787 0.454 2.672 -26.02 -22.47 -20.89 17.34 0.076 

1.240 0.716 0.524 2.834 -28.33 -25.34 -22.90 19.91 0.106 

6 O3–C5 
1.302 0.789 0.514 2.563 -30.62 -22.76 -19.96 12.10 0.140 

1.302 0.762 0.540 2.413 -22.91 -20.60 -18.83 16.51 0.094 

7 O7–C10 
1.333 0.778 0.555 2.456 -24.09 -21.28 -18.48 15.66 0.152 

1.333 0.769 0.563 2.275 -18.74 -18.99 -17.49 17.74 0.085 

8 O8–H8d 
0.988 0.750 0.238 2.431 -50.61 -40.67 -40.57 30.63 0.002 

0.988 0.738 0.250 2.322 -37.79 -32.77 -32.64 27.62 0.004 

9 O8–H8c 
0.994 0.752 0.243 2.402 -48.53 -39.71 -39.32 30.51 0.010 

0.994 0.748 0.247 2.255 -38.61 -32.65 -32.10 26.14 0.017 

10 N1–C1 
1.326 0.807 0.519 2.317 -23.81 -18.00 -15.7 9.888 0.146 

1.326 0.777 0.549 2.394 -24.16 -20.07 -16.71 12.62 0.201 

11 N1–H1 
1.016 0.748 0.268 2.282 -38.71 -32.08 -30.77 24.13 0.043 

1.016 0.753 0.263 2.191 -29.47 -29.00 -28.20 27.73 0.028 

12 O7–H7 
1.026 0.762 0.264 2.269 -40.68 -34.98 -34.86 29.16 0.003 

1.026 0.794 0.233 2.079 -42.05 -32.00 -31.95 21.90 0.002 

13 O3–H3 
1.031 0.764 0.267 2.250 -39.34 -34.36 -34.11 29.13 0.008 

1.031 0.806 0.226 1.962 -38.66 -30.66 -30.52 22.52 0.005 

14 N2–H2a 
1.037 0.763 0.274 2.182 -34.61 -29.16 -29.04 23.58 0.004 

1.037 0.748 0.289 2.211 -34.21 -27.79 -27.45 21.04 0.012 

15 N2–H2c 
1.041 0.765 0.276 2.168 -33.97 -28.75 -28.73 23.51 0.001 

1.041 0.757 0.284 2.185 -34.66 -27.71 -27.59 20.64 0.004 

16 N2–H2b 
1.053 0.769 0.284 2.123 -31.95 -27.64 -27.55 23.24 0.004 

1.053 0.765 0.288 2.080 -30.01 -25.57 -25.47 21.03 0.004 
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17 C7–H7a 
1.088 0.695 0.393 1.902 -19.51 -17.40 -16.95 14.84 0.027 

1.088 0.709 0.379 1.925 -19.98 -18.64 -18.04 16.70 0.034 

18 C4–H4 
1.093 0.698 0.395 1.887 -19.11 -17.12 -16.85 14.86 0.016 

1.093 0.706 0.388 1.866 -17.97 -17.43 -17.14 16.61 0.017 

19 C8–H8a 
1.088 0.690 0.399 1.814 -17.21 -15.83 -15.72 14.34 0.007 

1.088 0.692 0.396 1.848 -17.77 -17.03 -16.86 16.12 0.010 

20 C8–H8b 
1.088 0.689 0.399 1.813 -17.21 -15.81 -15.74 14.34 0.004 

1.088 0.688 0.400 1.837 -17.28 -16.71 -16.53 15.96 0.011 

21 C3–H3b 
1.089 0.690 0.399 1.809 -17.11 -15.80 -15.66 14.35 0.008 

1.089 0.688 0.402 1.837 -17.12 -16.66 -16.57 16.1 0.005 

23 C3–H3a 
1.091 0.692 0.400 1.805 -16.99 -15.81 -15.53 14.35 0.018 

1.091 0.694 0.398 1.840 -16.31 -16.57 -16.43 16.69 0.008 

24 C9–H9b 
1.094 0.694 0.400 1.799 -16.79 -15.72 -15.47 14.40 0.017 

1.094 0.696 0.398 1.822 -16.74 -16.53 -16.47 16.25 0.004 

25 C2–H2d 
1.095 0.695 0.400 1.797 -16.72 -15.57 -15.56 14.41 0.001 

1.095 0.692 0.403 1.823 -17.02 -16.54 -16.33 15.84 0.012 

26 C9–H9a 
1.094 0.694 0.401 1.795 -16.79 -15.73 -15.44 14.39 0.019 

1.094 0.693 0.401 1.822 -17.12 -16.55 -16.46 15.89 0.006 

27 C2–H2e 
1.096 0.695 0.401 1.793 -16.64 -15.61 -15.43 14.40 0.012 

1.096 0.697 0.400 1.802 -16.34 -16.29 -16.08 16.03 0.013 

28 N1–C4 
1.447 0.841 0.606 1.774 -10.06 -11.99 -11.3 13.24 0.061 

1.446 0.815 0.631 1.772 -7.923 -12.41 -12.11 16.60 0.025 

29 C9–C10 
1.501 0.728 0.774 1.752 -12.55 -12.18 -11.06 10.70 0.101 

1.502 0.715 0.787 1.727 -10.72 -12.52 -11.14 12.93 0.124 

30 C1–C2 
1.467 0.743 0.724 1.743 -11.45 -11.51 -10.87 10.93 0.058 

1.470 0.778 0.692 1.827 -11.85 -12.74 -12.1 12.99 0.053 

31 C4–C5 
1.521 0.747 0.774 1.731 -12.01 -12.15 -11.00 11.15 0.104 

1.522 0.732 0.790 1.693 -10.37 -11.98 -11.05 12.66 0.084 

32 C6–C7 
1.536 0.782 0.755 1.699 -11.39 -11.87 -10.72 11.20 0.107 

1.536 0.776 0.760 1.666 -9.703 -11.88 -10.69 12.87 0.111 

33 C2–C3 
1.487 0.743 0.743 1.691 -10.64 -10.65 -10.62 10.64 0.002 

1.488 0.746 0.742 1.672 -8.292 -11.11 -11.10 13.92 0.0004 

34 N2–C7 
1.484 0.847 0.637 1.671 -8.106 -11.05 -10.90 13.84 0.014 

1.485 0.816 0.669 1.655 -6.438 -11.47 -11.19 16.23 0.025 

35 C8–C9 
1.523 0.761 0.763 1.600 -9.024 -10.03 -9.828 10.83 0.020 

1.522 0.761 0.761 1.560 -6.634 -10.36 -10.06 13.78 0.029 

36 C7–C8 
1.533 0.776 0.757 1.598 -8.923 -10.18 -9.857 11.12 0.033 

1.533 0.784 0.749 1.566 -7.103 -10.42 -10.15 13.47 0.027 

37 C3–C4 
1.538 0.76 0.778 1.592 -8.738 -10.00 -9.887 11.15 0.012 

1.536 0.745 0.791 1.529 -6.178 -9.913 -9.712 13.45 0.021 
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Table S2 

Topological properties of (3,-1) CPs in the intermolecular interactions of co-crystal (I), experimental 

values (blue colour) and theoretical values (red colour): distances (Ǻ), electron density (eǺ-3), Laplacian 

(eǺ-5), Hessian eigenvalues (eǺ-5), ε = ellipticity, GCP = bond kinetic-energy density (kJ mol-1 Bohr-3) and 

VCP = bond potential-energy density (kJ mol-1 Bohr-3). 

 

 

No 
Bonds d12 d1CP d2BCP ρBCP(r) 𝛁𝟐ρBCP(r) λ1 λ2 λ3 ε GCP VCP 

1 O3–H3···O4 
1.527 1.059 0.468 0.480 1.533 -3.947 -3.924 9.404 0.006 119.9 -198.1 

1.527 1.041 0.486 0.555 0.51 -4.394 -4.381 9.285 0.003 126.4 -239.0 

2 O7–H7···O8 
1.569 1.076 0.493 0.435 1.571 -3.414 -3.411 8.396 0.001 106.7 -170.7 

1.566 1.063 0.504 0.485 0.916 -3.642 -3.616 8.174 0.007 110.2 -195.5 

3 O8–H8c···O1vi 
1.787 0.643 1.148 0.287 1.558 -1.906 -1.838 5.302 0.037 67.45 -92.47 

1.789 0.603 1.186 0.266 1.974 -1.67 -1.544 5.189 0.082 70.21 -86.65 

4 O8–H8d···O1v 
1.815 0.662 1.158 0.268 1.551 -1.715 -1.672 4.938 0.026 63.1 -83.97 

1.814 0.620 1.196 0.242 2.16 -1.464 -1.327 4.952 0.103 68.68 -78.52 

5 N2–H2c···O5iii 
1.780 0.624 1.156 0.266 2.042 -1.628 -1.615 5.285 0.008 71.48 -87.33 

1.779 0.631 1.148 0.292 1.444 -1.884 -1.876 5.203 0.004 66.5 -93.67 

6 N2–H2b···O5vii 
1.794 0.633 1.161 0.255 1.956 -1.553 -1.516 5.025 0.024 67.49 -81.71 

1.795 0.640 1.156 0.270 1.804 -1.673 -1.634 5.111 0.024 68.15 -87.15 

7 N2–H2a···O2v 
1.822 0.647 1.176 0.243 1.836 -1.479 -1.472 4.786 0.005 62.97 -75.95 

1.822 0.656 1.167 0.268 1.323 -1.701 -1.687 4.71 0.008 58.84 -81.64 

8 N1–H1···O7iv 
2.267 0.909 1.363 0.092 0.86 -0.413 -0.403 1.676 0.023 21.49 -19.56 

2.266 0.873 1.394 0.072 1.062 -0.32 -0.297 1.679 0.077 23.16 -17.4 

9 C2–H2e···O1ii 
2.512 1.049 1.465 0.052 0.689 -0.189 -0.168 1.045 0.125 14.76 -10.76 

2.509 1.032 1.480 0.047 0.655 -0.175 -0.148 0.978 0.177 13.84 -9.84 

10 C8–H8a···O3i 
2.556 1.067 1.497 0.048 0.679 -0.168 -0.134 0.981 0.256 14.29 -10.08 

2.555 1.057 1.501 0.045 0.678 -0.171 -0.144 0.993 0.191 14.13 -9.78 

11 C3–H3b···O7 
2.655 1.112 1.550 0.042 0.64 -0.129 -0.078 0.847 0.660 13.18 -8.93 

2.654 1.108 1.547 0.040 0.611 -0.143 -0.085 0.84 0.678 12.59 -8.53 

12 C9–H9b···O2 
2.641 1.130 1.517 0.041 0.661 -0.088 -0.081 0.829 0.084 13.5 -9.01 

2.640 1.127 1.526 0.039 0.65 -0.092 -0.074 0.816 0.243 13.19 -8.69 

13 C3–H3a···O6 
2.705 1.163 1.570 0.036 0.576 -0.117 -0.051 0.745 1.297 11.72 -7.74 

2.704 1.191 1.584 0.034 0.548 -0.103 -0.043 0.694 1.372 11.05 -7.19 

14 C9–H9b···O6 
2.656 1.128 1.529 0.036 0.556 -0.124 -0.096 0.776 0.291 11.32 -7.47 

2.658 1.126 1.532 0.033 0.535 -0.114 -0.087 0.736 0.302 10.76 -6.94 

15 C8–H8b···N2 
2.887 1.170 1.718 0.034 0.429 -0.109 -0.065 0.603 0.673 8.9 -6.13 

2.885 1.187 1.701 0.03 0.443 -0.111 -0.077 0.631 0.451 8.96 -5.84 

16 C7–H7a···O3 2.795 1.172 1.661 0.032 0.403 -0.1 -0.054 0.557 0.861 8.33 -5.68 
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2.796 1.162 1.678 0.028 0.375 -0.095 -0.046 0.516 1.038 7.63 -5.04 

17 C8–H8b···O5 
2.772 1.192 1.588 0.030 0.517 -0.085 -0.028 0.63 1.984 10.31 -6.54 

2.773 1.182 1.593 0.028 0.479 -0.082 -0.033 0.595 1.471 9.49 -5.93 

18 C2–H2d···O7 
2.744 1.175 1.570 0.030 0.446 -0.099 -0.067 0.611 0.476 8.98 -5.82 

2.744 1.166 1.582 0.030 0.424 -0.103 -0.081 0.607 0.279 8.6 -5.65 

19 C3–H3a···O7 
2.760 1.174 1.586 0.029 0.458 -0.099 -0.073 0.63 0.366 9.19 -5.91 

2.761 1.165 1.599 0.026 0.453 -0.086 -0.059 0.598 0.469 8.94 -5.56 

20 C9–H9a···O2 
2.993 1.249 1.814 0.028 0.281 -0.081 -0.038 0.4 1.120 5.91 -4.16 

2.994 1.246 1.823 0.028 0.269 -0.084 -0.049 0.402 0.707 5.7 -4.09 

21 C8–H8b···O4 
2.908 1.260 1.666 0.023 0.303 -0.067 -0.043 0.414 0.546 6.08 -3.91 

2.907 1.268 1.650 0.022 0.291 -0.071 -0.059 0.422 0.190 5.83 -3.72 

22 C4–H4···O2 
3.036 1.328 1.724 0.016 0.221 -0.044 -0.038 0.302 0.170 4.33 -2.65 

3.037 1.307 1.736 0.013 0.21 -0.036 -0.028 0.274 0.259 4.04 -2.37 

23 C4–H4···N1 
3.366 1.420 1.947 0.014 0.147 -0.034 -0.018 0.199 0.949 2.93 -1.84 

3.365 1.375 2.001 0.012 0.138 -0.031 -0.014 0.183 1.198 2.69 -1.63 

 

 

 

 

                                                              

 

Figure S1: Image of the cocrystal used in diffraction experiment. 

 

 



 

 

Acta Cryst. (2022). C78,  https://doi.org/10.1107/S2053229621013607        Supporting information, sup-5 

     

Figure S2: Residual electron density maps of I, after IAM and ELMAM2 refinements with MoPro at the 

0.05eǺ-3 contours level. 
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Figure S3: A map of the Laplacian of electron density of co-crystal (I) for the experimental model, 

showing covalent bond-critical points. 

 

 

 

Figure S4: A view of asymmetric unit of co-crystal (I), along with the bond critical points (dark green 

dots). 


