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Tytut rozprawy w jezyku polskim

Ultra-niskopolowy i prawdziwie zerowy
magnetyczny rezonans jadrowy

Stowa kluczowe
(maksymalnie 5)

MR, zeropolowy, spektroskopia, sprzgzenie-J,
magnetometria

Streszczenie rozprawy
(maksymalnic 1 400 znakow)

Rozprawa doktorska dotyczy ZET0- i
ultra-niskopolowego rezonansu jgdrowego (MRJ). W
przeciwienstwie do konwencjonalnego MRJ, gdzie
oddziatywanie z zewnetrznym polem magnetycznym
jest dominujace, w tym rezimie pola ewolucja spinéw
rzagdzona jest przez odzialywanie spin-spin (sprz¢zenie
I). W rozprawie przedstawione sa ostatnie osiggni¢cia
w tej dziedzinie uzyskane przez autora tej pracy, przy
uzyciu technik magnetometrii atomowej, rozwijanych

przez autora w ramach doktoratu. W pracy
przedstawiono  analiz¢ chemiczng =z  uZzyciem
niskopolowego MRIJ w zwigzkach =z naturalng

abundancja izotopows. Jako, Ze zeropolowy sygnal
wymaga obecnodci  heteronuklearnego  sprzezenia,
spektroskopia MRJ w tych warunkach prowadzona jest
typowo z uzyciem wzbogacanych izotopowo zwigzkdw.
Przedstawiono tutaj wyniki zeropolowej spektroskopii
MRIJ zwigzkow organicznych fosforu, z naturalnie
wystepujacym jadrem 31P ze spinem 1/2. Zwigzki w
naturalnej abundacji 13C (1.1 %) i 15N (0.3 %) zostaty
natomiast zmierzone w zeropolowych warunkach po
hiperpolaryzacji z uzyciem parawodoru. Nastgpnie w

rozprawie zostaly zaprezentowane pierwsze
zarejestrowane spekira zeropolowego MRJ biomolekut:
metabolitéw, aminokwasow oraz cukrow,

Przedstawiono mozliwo$é posredniego wykrywania
rozcieaczonych roztworéw poprzez niskopolows
relaksometrie rozpuszezalnika. Zbadano réwniez role
wymiany protondw w  spekirum  zeropolowym.
Niskopolowe sygnaty MRJ zostaly uzyte wreszeie do
szukania fizyki poza modelem standardowym.
Skonstruowano jadrowy -komagnetometr cieczowy, w




ktorym  uzyskano wstepne wyniki  poszukiwan
sprze¢zenia spin-grawitacja, pokazujac, Ze juz na ten
moment taki pomiar jest w stanie poprawié obecne
limity na silg tych hipotetycznych sprzezen.

Tytut rozprawy w jezyku pracy *

Ultra-Low and Trualy Zero-Field Nuclear Magnetic
Resonance

Stowa kluczowe
{maksymalnie 5)

NMR, zero-field, spectroscopy, J-coupling,
magnetometry

Streszezenie rozprawy
(maksymalnie 1 400 znakéw)

This dissertation is concerned with the zero- and
ultra-low field (ZULF) nuclear magnetic resonance
(NMR). In contrast to conventional high-field NMR,
where the coupiing with the external magnetic field is
the dominant interaction, the nuclear-spin evolution in
this field regime is governed by the spin-spin (J}
coupling. The thesis presents the latest developments in
this technique, obtained by the author with the use of
in-house-built ZULF spectrometers, based on the
atomic magnetometry techniques also partially
developed by author during PhD studies. Firstly, a
chemical analysis of compounds with ZULF NMR at
natural isotopic abundance is shown. As zero-field
signal relies on the presence of the heteronuclear
coupling, zero-field spectroscopy is typically performed
with labeled compounds. Here, organophosphorus
compounds, with 100% natural abundance of spin-1/2
31P nuclei are studied. Compounds with naturally
abundant 13C (1.1%) and 15N (0.3%) are also
measured, yet in this case, the samples are
hyperpolarized in zero-field with the use of
parahydrogen. The first-ever ZULF NMR studies of
important biomolecules (metabolites, amino acids, and
sugars) are also presented. Moreover, the ability to
indirectly detect diluted compounds via ultra-low field
relaxometry of solvent is demonstrated. The role of
chemical exchange in zero-field NMR is also
investigated in the context of biomolecules. Finally,
ZULF NMR is used to search for physics beyond the
standard model. Specifically, constructed liquid-state
nuclear comagnetometer is  characterized and
preliminary results of searching for the spin-gravity
couplings are provided, already revealing the ability to
improve the existing limits on the strength of this
hypothetical interaction.

Tytul rozprawy w jezyku angielskim

Ultra-Low and Truly Zero-Field Nuclear Magnetic
Resonance

Stowa kluczowe

NMR, zero-field, spectroscopy, J-coupling,




(maksymalnie 5) magnetometry

Streszczenie rozprawy This dissertation is concerned with the zero- and
(maksymalnie 1 400 znakow) ultra-low field (ZULF) nuclear magnetic resonance
(NMR). In contrast to conventional high-field NMR,
where the coupling with the external magnetic field is
the dominant interaction, the nuclear-spin evolution in
this field regime is governed by the spin-spin (J)
coupling. The thesis presents the latest developments in
this technique, obtained by the author with the use of
in-house-built ZULF spectrometers, based on the
atomic magnetometry techniques also partially
developed by author during PhD studies. Firstly, a
chemical analysis of compounds with ZULF NMR at
natural isotopic abundance is shown. As zero-field
signal reliecs on the presence of the heteronuclear
coupling, zero-field spectroscopy is typically performed
with labeled compounds. Here, organophosphorus
compounds, with 100% natural abundance of spin-1/2
31P nuclei are studied. Compounds with naturally
abundant 13C (1.1%) and 15N (0.3%) are also
measured, yet in this case, the samples are
hyperpolarized in zero-field with the wuse of
parahydrogen. The first-ever ZULF NMR studies of
important biomolecules (metabolites, amino acids, and
sugars) are also presented. Moreover, the ability to
indirectly detect diluted compounds via ultra-low field
relaxometry of solvent is demonstrated. The role of
chemical exchange in zero-field NMR is also
investigated in the context of biomolecules. Finally,
ZULF NMR is used to search for physics beyond the
standard model. Specifically, constructed liquid-state
nuclear comagnetometer is  characterized and
preliminary results of searching for the spin-gravity
couplings are provided, already revealing the ability to
improve the existing limits on the strength of this
hypothetical interaction.

* Jezeli rozprawa jest napisana w jezyku polskim wystarczy wypelni¢ pierwszg rubryke.
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